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THE PURPOSE AND PLAN 

By The 

THE Harmsworth Self-Educator is de- 
* signed to be a working school of life. Its 
purpose is to lay the foundations of an 
adaptable and successful career for the thou- 
sands of young men and women who art' 
bewildered by the increasing difficulty of choosing 
adefinite aim in life, or, hat ing a definite aim, of 
adapting themselves to its conditions. 

It is a difficulty which grows with the growing 
complexity of life. As science throws oj>en new 
worlds to conquer, as research reveals new fields 
of investigation, as education changes old 
methods for new, the problem of what to do 
with life Incomes more insistent in youth and 
more perplexing to those in whose hands the 
moulding of a new generation lies. 

Minds, not Machines. It is tho purpose 
of tho Self-Educator to help to solve tin* 
problem which arrests attention and demands 
solution in nearly all our lives. It is a 
part of the Idea of Life which produces tin* 
Educator that to li\o life whole we must 
understand life whole. Dr. Fitchctt has put the 
t»uth force, °nd cinque***’ in his contri- 
bution to these !„.,»«•>*. It is impossible for any 
one of us to think of ourselves as separate 
units, isolated and disconnected mcml>ers of tho 
human race. Not one stone is .separate 1 from 
another ; not one petal of the lily of the field 
can ojxui to the sun without the working of a 
thousand laws. And not one of us can do our 
work well in the world unless every nsjjcct of it 
has its place in our sympathy an 1 in our 
education. It is becoming, with every year that 
goes, harder for those to hold their own whose 
brain and soul are not fiehind their work. 

The day has passed when a merely mechanical 
performance of duty achieved success. It is the 
brain behind tin* hand, and not the hand alone, 
which governs the world to-day. The old dis- 
tinction l e* ween manual and mental labour is 
ceasing to exist. Tin* purely manual worker is 
Incoming a memory of the old days of muddling 
through. In the days that are coming, the days 
that arc* with us, he has no place. The ceaseless 
rivalry of commerce, the warfare of industry 
between nation and nation, leaves no room for 
purely manual labour. Men must be minds, and 
not machines. Tiie bru : n in the chemical 
laboratories of Europe is undermining some of 
our oldest industries. 

The Need for Choice and Training. 

There will be no room, in fifty years from now, 
for a Self- Educator such as t] .s. With the 
growth of a rational and nation, il system, the 
education of the schools will cover the whole of 
life and not merely touch its frirje. But there 
i« still a pressing need, unfortunately, for the 
education which tells in the world, the education 
which can be applied. How many boys, how 
ma py girls, set out every day on careers for 
which they are unsuited, or for w f hich, if they 
be suited, they have not prepared ? It is pitiful 
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OF THE SELF-EDUCATOR 

Editor 

to reflect on the failure which might have been 
made success-hy a little training at the beginning. 

The Self- Educator has two great aims. It is, 
first, an earnest attempt to guide young jicoplo 
in the choice of a career and to equip them, 
or to help them to equip themselves, for the • 
career they choose. It is at once a guide to 
study and a fountain of learning, a linger- post 
to industry and a school of practical training. 

The Three Classes of Learning. No 

other single work covers the wide realm which 
the Self- Educator makes its own. It gives, 
in its thousands of pages, a practical course 
of instruction in all branches of .knowledge. It 
regards (Hilt tire ami Commerce as one great 
whole, insisting on the essential unity of all 
things, it teaches all forms of knowledge and 
all their applications in Industry. Knowledge 
is the root of Business, and Business is Applied 
Knowledge. 

I f we divide knowledge into classes, nil learning 
may l>e brought roughly into three divisions : 

Commkrci \ l Lkarnino. 

The knowledge on which commerce is based - is. 
Mathematics, (Geography, Cr.immar, etc*. 

Scientific Lkakmm;. 

Knowledge which may Ik* acquired for its own 
sakeorfor humanity— is. Chemistry, Botany, etc 

Puke Learmnu. 

Knowledge acquired for its own sake— 1 >. Art, 
Literature, etc. 

Tt is the applications of these branches of 
learning which make up the world of thought 
and action, and in tho Self-Educator we see 
Education in Action. Education in action, 
which is Industry, manifests itself in a thousand 
ways, and the Self- Km c 1 vtor is a workshop as 
well as a school. It is a workshop in which w'o 
see going on all the manufactures anil industries 
which mako up the commerce of the world. 

The Three Claeses of Industry, dust 
as we divided education into three divisions, 
so Industry, Education in Action, divides itself 
into three main classes : 

Extractive. 

Industries extracting tho materials of nature for 
utilisation by the manufacturer— be. Electricity, 
Agriculture, Fisheries, Mining, etc. 

Creative. 

Industries creating thin!* out of raw' mate- 
ri *lw — i.e. Arts and Crafts, Manufactures, 
Building, Engineering, etc. 

Executive. 

Industries belonging to the management of 
affairs ; the machinery of the working w orld — is. 
Railways, Ships, Banking, Shops, etc. 

The Self-Educator comprises all these 
great classes. 
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PUN or TMI CDVOATO* 

Commerce and Culture. But, though 
the Educator— believing that nothing is of 
any use in this world unless it can be applied 
—deal* at great length with the education 
which tolls in commerce, it is not to be 
understood that it is a book which merely 
helps to make money. If it is one of the pur- 
poses of the work to \yo a guide in the choice of 
a career, to make a successful man of business, 
efficient worker in any trade or calling, it is 
not less within its aim to make of him a capable 
citizen and a scholar. The Self- Edit \tor is 
designed to endow those who study it with a 
practical knowledge of the world in which we 
live, an intelligent appreciation of the principles 
upon which all life and nature an* based, and an 
education which will enable them to Ikj worthy 
mem l**r« of society. 

It is not an easy task to arrange an ordcre 1 
plan of knowledge and industry which, while 
simple and clear, is also adaptable to the exigen- 
cies of serial publication. British commerce is 
a maze in w hich trades overlap and boundaries 
cross in liewildering confusion. A court of law 
once sat nine days, it is said, to decide what was 
a joiner's work and what was not. and it would 
require a millenn urn to devise a scheme of 
industry in which each task should hold its 
pn>|M*r place and each man should perform his 

i irofier task. But it is Indie ved that the Self- 
Sditatok is at least a contribution to sudi a 
scheme of unity, and that those who study its 
methods will find any subject with ease. An 
exhaustive index, which will form a complete 
guide to the work, will In* issued at the end, blit 
it is desirable that the plan of the work should 
lie thoroughly tin lerstood us it apjK*:irs. 

Arrangement of the Work, The work 
is arranged in twenty -nine groups, most of 
them divided into sub-sections. It is im- 
possible. owing to difficulties incidental to 
any work npjiearing in serial form, to arrange 
the groups in a |K*rfeetly natural relation, and 
in some eases a merely arbitrary grouping has 
been unavoidable. But the important con- 
sideration in such a work ns this— a plan which 
ean lie readily understood and followed-- has 
tieen borne in mind from the !»eginn ; ng, and no 
elaborate explanation is necessary to explain 
the plan on which the Self * fcniu vtor is 
devised. 

The key to its twenty nine groups and their 
divisions makes it clear at a glance. It is not 
possible to follow the numerical order of the 
groups in serial publication, but the adoption of 
a simple method of section d headings facilitates 
the task of the student following a definite course. 
Most of the headings in the first Bart embrace a 
conspect’us of the whole of the group which 
follows, and in all subsequent parts the headings 
indicate the group to which the particular 
article belongs. At the beginning of this Part 
is A key which shows the plan of the Self- 
Educator at a glance. 


Its Scope. Xo effort has been spared to 
make the work as exhaustive as such a work can 
be. A casual glance at any part of it will reveal 
the thoroughness with which the whole has been 
designed by the many minds which have con- 
centrated in making it. If*we take one subject 
only from the work, let us say Music, we find 
that the Self Educator embraces a treatment of 
the whole theory of music, a course of tuition in 
every modem instrument, technical instruction 
in the manufacture of musical instruments, and 
practical information and advice in the keeping 
of a music shop. The piano is followed, that 
is, from the factory to the shop — from the forest 
and the mine, in Iced, to the orchestra and the 
draw ing-room. So, too, with all the innumerable 
factors which make up the sum of our lives. 
Look around the room in which you sit. the 
street in which you- walk, the railway platform 
on which you stand, the office in wdiich you 
write, and the Self- Edit vtor reflects your 
vision. Into its scope* come the beginnings and 
creation and uses of all the countless things which 
pass liefore our eyes wherever wo turn. 

A Modern Book. The student who w ishes 
to Is* an artist will find in it a practical course 
of training ; the man or woman who wishes to 
go through the galleries to see and understand 
the masterpieces of painting and sculpture will 
find this work a guide to the interpretation of art. 
The Self- Educator is practical and intellectual 
too. It is neither a book for making capable 
craftsmen only nor a book for making scholars 
only: it is its province to do both, for in the 
view of life expressed by tic* Self- EdvcatoR the 
two are one. There is no possibility in nature 
of an ignorant man being a good workman. 

It need not lie said that the Self-Educator 
is modern on every page. It deals with many 
subjects on which no text-book exists in any 
European language. Its coloured plates contain 
examples of living things so recently discovered 
that science has not named them. In every 
department sj>ecial emphasis is given to those 
>ha*es of industry and commerce which are 
ikely to develop in the future. 

New Ideas. The erv of the politicians, and 
not of politicians only, is for new industries. It 
is not the least notable feature of the Self- 
Kducaiok that it points the way to new develop- 
ments. Its curriculum has no convention. 
Everything contributing to the fullness of life 
comes into education as the Seif-Educator de- 
fines it. It contains within it the genesis of 
new industries and the development of old 
industries on new line*. A very careful investi- 
gation has l*»en made into those phases of 
industry likely to develop largely in the future, 
and in this, as in all other ways, it is the effort 
of the Self- Educator to be abreast of a 
strenuous age. It is a book of modem life, of 
modem thought, and of modem work, and its 
realm is as wide as the world 

Arthur Mex 
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THE CHOICE OF A CAREER-AND AFTERWARD 

By Sir Alfred Harmsworth, Bart. 


MOW ADA YS, the choosing of a career is not 
regarded so seriously as it was in the 
eighteenth, and well towards the end of the 
nineteenth, century. All who are interested 
in the welfare of our people will agree with me 
in describing this as an unfortunate feature of 
the social life of our time ; for the result is 
becoming painfully evident in the number of 
young people one observes who are but in- 
differently equipj>ed for their life-work. While 
general education has greatly advanced, it. has 
not l>een so with the systematic study of 
individual tastes and qualifications in their 
application to the serious business of life. 

The Prime Factor in the Choice. 

For the profession it is true, there is to be 
note 1 a more thorough system of preliminary 
training than in the past. One has only to 
instance the modern doctor to illustrate this. 
Beyond all question, he or she - for no longer is 
it a profession of one sex. — is lx*tter educated 
than the doctor has boon at any jK»riod in the 
history of society. But 1 am |*ersuaded that we 
arc* unable to take so desirable a view of the 
crafts, and 1 venture to doubt if sufficient atten- 
tion is devoted to the training for and choice of 
a career in any of our great national trades. 
The practical abolition of the old system of 
apprenticeship is, in the judgment of many 
shrewd observers, a misfortune. 

Naturally, the prime factor in the choice of 
any career should lx* jierson il taste, inclination. 
But, unhappily, we have only to look around us 
to realise him* frequently the natural inclination 
is ignored. The world is full of round jx'gs in 
square holes. Who does not know that man 
who might have been a capable engineer, but 
is frittering his life away as an inferior clerk, 
doing work be detests V The engineer who might 
have lx*en the organiser of a great warehouse ; 
the la ly typist w ho might have lx*en a success- 
ful saleswoman, instead of an ineom|H*tent 
com* ipondent ; the governess who would have 
made a clever typist, — who is not familiar with 
such as these, round jK*gs in square holes 7 

Late Beginnings. Occasion ally one finds 
men who, in later life, have boldly broken away 
from servitude in occupations they had under- 
taken in error, or by force of circumstances, and 
have achieved success in their true vocations. 
Thus it is that instances of success in middle age 
and later life are by no means rare. The guiding 
brain of that great enterprise* the Gordon Hotels 
was until middle age devoted to tho law, and so, 
too. Lord Armstrong, the presiding genius of the 
famous Els wick Works, who followed the legal 
profession into manhood, although from his 
earliest years he had exhibited an extraordinary 
gift for mechanics. But, of course, there are 
occasions when it may be wise for a person not 
to follow the bent of natural inclination and to 
join loyally in maintaining a business that has 
perhaps been long identified with his family. 


Indeed, there is so much room in the world for 
people of average talent to apply themselves 
profitably that it might, for instance, be advisable 
in the case of a young man whose father was a 
prosperous local practitioner to follow in his 
father's footsteps. Heredity, undoubtedly, « 
coimts for something in the choice of a career, 
and often goes hand in hand with natural 
inclination. One thinks of families of successful 
statesmen, like the Cecils ; of lawyers, like the 
Pollocks ; and one remembers the tw r o Pitts in 
statesmanship, the Stephensons in engineering. 

In other walks of life there are whole families of 
mechanics, carpenters, builders, and the like, 
knowTi to most of us. in this connection, it is 
worthy of remark that one of the great difficulties 
which our American cousins have not been able 
to surmount in their efforts to wrest the cotton- 
spinning industry from us is the fact that they do 
not possess generations of trained workpeople 
such as wo have in Lancashire. 

England is not Overcrowded. Since 
there is no rule without its exceptions, one 
must not dan* to dogmatise* on this matter 
of heredity ; but it is sufficiently clear that the 
volume of evidence in its Ixduilf is so formidable 
that in the choice of a career it is a factor 
not to 1 k» ignored. There are times when it is 
well dolilierutely to disregard it— never to ignore 
it —but more often, by one of those curious 
tmitH of character which make the study of 
human U*ings ho deeply interesting, sons revolt 
against tin* occupations of their fathers quite 
without reason; and too frequently this leads 
to emigration. Now, in my judgment, emigration 
is nearly always implied confession of failure*. 
We must, however, make an exception in the 
case of agricultural workers, for whom there is 
always a fair Held lieyond the seas. But the 
result of considerable personal investigation into 
colonial conditions in many parts of the empire 
lias jHTBuadcd me that the man who succeeds 
in the colonies might, with equal effort, fare as 
well at home. 1 do not lx*lievo that the United 
Kingdom is overcrowded with people. Belgium 
has no greater facilities for industry than are to 
he found in our own land, and her population 
of 7, (XX), 000 people to 1 1,000 square miles brings 
Belgium not very far short of being twice as 
densely inhabited as the United Kingdom ; yet 
it is true that the work ng classes of Belgium 
are among the most prosperous in Europe, in 
some respects being even better conditioned than 
our own working -classes. 

Agriculture. Apart from party politics, 
which here would be entirely out of place, it 
may be said with the assurance of general agree- 
ment that our country is losing many of its 
industries, and for their disappearance various 
politicians have various theories and various 
remedies. As we are not gaining the newer 
industries, it follows that we must be marching 
backwards in some of the old. This is particularly 
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CHOICE or A CAREER 

true of agriculture. And it is towards agriculture 
that I would direct the minds of those who con- 
template emigration for the sake of an outdoor 
life. Them is good reason for the agriculturist 
emigrating, for, although I have proved farming 
at home capable of being followed successfully, 
that is not on the system generally adopted 
at present. The young man who will make up his 
mind to learn to farm, and to begin modestly, 
may lx* assured of a healthy and not unprofitable 
occupation. 

Agriculture is but one of the vast nmnlier of 
arts and crafts, vocations and avocations, that 
are dealt with in this all-embracing Ski.f- 
EnrcATOR ; and I have lieen tempted to dwell 
upon it for the reasons 1 here give, and also 
because the practical and comprehensive manner 
in which it is treated in this work is typical of 
the earnestness with which the whole is Iteing 
edited by my friend Mr. Arthur M«*\ and written 
by a company of exjiert w riters such as, I ven- 
ture to submit, has not hitherto Ikmmi gathered 
together for any one educational purpose. It 
is sincerely to lx* hojwd that the reader in search 
of the lx<st advice on the choice of a career or 
the best help to self-education will take up the 
Hklf- Educator in the same earnest spirit as 
that in which it is lx*ing produced. For I fully 
Ixdieve that this work will not only instruct 
and liecomc a permanent hand-hook for daily 
reference in one’s business, hut that it will 
suggest to many readers avenues to usefulness 
of which they have not previously thought. 

Industrie* of the Future. Xor should 
it lx* forgotten that there is always a rise or 
fall, a changing condition, in the t Rules of 
England. I may mention a case with which l 
am familiar: that of the industries connected 
with road li ft*. In these industries there are 
now employ**! in France about half a million 
people more than were similarly oeeupiod ten 
years ago. It is by no means unlikely that at 
least as large a number will yet lx* similarly 
employed in (Ireat Britain, as the populations 
of the two countries an* very nearly the same 
in extent. Throughout France hotels an* 1 icing 
regarnished, fine new’ buildings are taking the 
places of old and out-of-date structures, while 
others are lxdng reared when* none before ex- 
isted. In every town premises an* being ojxmed 
for the storage of road vehicles and depots for the 
supply of fuel and other materials required in 
their propulsion. In a word, a vast new industry 
has sprung into being, and w ith its rise numerous 
other industries an* affected, for the most part 
favourably. The making of self-propelled ve- 
hicle's is alone a great industry in Franco to-day, 
although it is only in its infancy with us. Here, 
then, is a good example of the changing con- 
ditions to which 1 have referred, upon which 
the alert young mind should keep a watchful 
eye. This, one of the newest, as agriculture, 
the oldest of all occupations, will lx* found to be 
adequately treated in this work. 

Touching again ujw>n the professions, speciali- 
sation would seem to be the trend of the hour. 
Such ancient callings as the Law and Medicine 
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are show ing a marked tendency in this direction. 
One finds solicitors and barristers, for example, 
confining themselves chiefly to one of such 
specialised branches as the law affecting public 
companies, patents, licensing, divorce or copy- 
right ; while most of the leading medical men 
are known as socialists in the treatment of 
diseases affecting some particular part or organ 
of the human body — the chest, the throat, the 
ear and so forth. Even shopkeeping is de- 
veloping on specialist lines. Tne careless 
general shop, with the pleasant, easy-going, but 
often unsatisfactory, relations between buyer 
and seller, is steadily giving way to the great 
socialist shops, having branches all over the 
country, each branch in the hands of an expert, 
the whole controlled by a master expert. I am 
not to lxi held as extolling the system as 
the lx*st of all possible systems. I merely point 
to its existence and to the fact that it must be 
regarded watchfully by all seeking vocations. 

A General Fault in choosing Trades. 

Then, again, ft general fault in the choice of 
one's life-work is to follow blindly in the foot- 
steps of some trade which, once profitable, may 
have ceased to lx* so ; if not in imminent danger 
of extinction. Within the last two or three years, 
incredible though it may sound to those familiar 
w ith the unhappy conditions of the trade, I have 
met people learning wood -engraving ; an occupa- 
tion practically — and I regret to think so — dead. 
They had l>een articled to some wood-engraver 
by their parents, who had not taken the trouble 
to find out that this class of engraving was 
lx*ing sujxTseded, has long lxx*n superseded, by 
the many cheajx'r and quicker processes of photo- 
etching. 

Thus far, it will lx* remarked, I have referred 
mainly to the occupations in which the earning 
of money is esteemed of primo importance ; 
though that may be allied to genuine pleasure 
in the work. Of course, there are others. Those 
who approach music, painting, sculpture, litera- 
ture, mainly with the idea of accumulating 
money thereby are not likely to succeed in 
their ambition. But it may be said of these 
pursuits, that, followed professionally, they are 
affording to their professors increasing returns 
in the material rewards of life ; while not less 
to day than in times past do they minister to 
the highest and lx*st that is in mankind. One 
is often asked. Who buys the modem pictures, 
and what becomes of the musicians ? Well, 
there are more painters and musicians to-day in 
England than at any other time, and I do not 
find, on looking at the official reports of bank- 
ruptcies, that the arts are more dangerous than 
commercial occupations to those who engage in 
them. 

Opportunities for Women. Perhaps 

the most remarkable feature of latter-day 
employment is the great increase in the 
occupations for women. This is a development 
that may be good, or may be ill ; but the 
tendency is increasing beyond question, and it 
is the business of tho Self- Educator to reckon 
with it. A glancs through this work will show 



an abundance of occupations for young women, 
many of which are by no means overcrowded. 
Speaking personally, as the director of a con- 
siderable business, 1 would like to make com- 
plaint of the inefficiency of the majority of 
young women who attempt to enter business 
life from shorthand and typewriting schools. We 
find that not more than 5 per cent, arc of any use 
until they have received a great deal of training 
in the office ; and this would not be the case 
if they had earnestly endeavoured to qualify 
themselves for the work during the year or two 
they had, presumably, devoted to attendance at 
schools. It is to lie feared that many of them 
take to these pursuits somewhat lightly and 
without a due estimate of their responsibilities. 

Having chosen an occupation in life, one has 
next to consider a no less difficult question : the 
means of obtaining success. In some measure 
good fortune is possible to anyone who is blessed 
with health. For although all cannot 1k‘ equally 
prosperous in their affairs, everyone can make 
some kind of mark. Hut not by travelling the 
old roads. 

The Education that makes Money. 

Education all the world over — 1 do not say 
the U*st education, but the kind of education 
that makes money — is increasing. As a result, 
brains work more rapidly, though |H*rhaps not 
so thoroughly as they did in the past, in every 
direction we observe that men of active minds 
are breaking away from tradition and making 
fortunes by their boldness ; in many eases by 
actual reversal of the policy of their forefathers. 

It is not, in my opinion— and 1 base my state- 
ment on knowledge of successful men in many 
lands — the young man who seeks an appoint- 
ment in an old-fashioned business, and settles 
down doggedly to the humdrum, plodding work 
of doing his duty and observing precedent, who 
attains, even in the long run, to comfieteiicy, far 
less to fortune. There are thousands of men in 
this and in every land who are hoping to make 
fortunes that way, and who never will. It is 
the man who goes into the shop, and, out of his 
own resourcefulness, his open and nimble mind, 
shows his employer how to sell new kinds of 
goods in new kinds of ways, that eventually 
becomes strong enough to enforce his demands 
to a share of that shop or some other shop. 
The new thing and the new way; or the old 
thing in a new' way — either means success if 
then: is concentration behind. 
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Concentration of Purpose. But this 
young man must be well in body all the 
time, so that his mind may tie free to 
devote itself to that prime secret of success 
— concentration. Fortunes come to audac- 
ious gamblers now and then, and such rare 
but disastrous examples do, 1 know, disturb 
the minds of young men ; for every venture 
in life has, it must be admitted, at least some 
slight element of gambling. But, after all, it 
is concentration of purfMMv that is the backbone 
of all success in the world, be it that of the j>oet 
or the pork packer. He who has cultivated the 
habit of concentration looks round every pro- 
position so thoroughly that he may bo said to 
have, so far as is humanly possible, eliminated 
therefrom every element of risk that a man can 
suppress. The gambler is not only l>esot by 
risks, hut seeks them ; and the fate of the 
deliU'rate gambler ill business is usually as 
dismal as that of the gambler in “ play.’* 

Finally, after concentration has brought about 
the initial success, optimism of teinjM*ramont is 
necessary. It does much to carry with it those 
w ho are around one, associated in a common enter- 
prise, and it brings with it that leadership which 
is so essential to success in every walk of life. 
When Ferdinand do Lesseps liegun to talk of 
cutting the Sue/, (’anal no one* believed him, and, 
as a matter ot fact, he was, us he himself con- 
fessed, on the wrong track at first. But gradually 
his forceful optimism persuaded individual after 
individual, and then nation after nation, that 
the* thing could and should he done, and it was 
done, despite the In-lief of great engineers that 
the lask was impossible, His career is an ideal 
one to study from the point of view' of those 
who seek success. He may lie said to have done 
an old thing in a new way— for had not the 
Ptolemies done it ‘J.000 years before 1 — and he 
had concentrated his whole existence on it. 

Optimism and Success. l>*t my hiHt 
word strike this note of optimism, enthusiasm, 
once more Of nothing am I more firmly 
persuaded than that our own temperament 
is sure to help or hinder us in the strugg e 
for success. To Ik* nervo isly apprehensive 
of failure is literally to invite failure ; but 
to he confident of success, or at any rate reason- 
ably hopeful and determined not to contem- 
plate the reverse, is already to have won half 
the battle. 

A LI RED C\ HaRMSWORTH 
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true of agriculture. And it is towards agriculture 
that I would direct the minds of those who con- 
template emigration for the sake of an outdoor 
life. There is good reason for t ho agriculturist 
emigrating, for, although I have proved farming 
at homo capable of being followed successfully, 
that is not on the system generally adopted 
at present. Tho young man who will make up his 
mind to loam to farm, and to Ijcgin modestly, 
may Is* assured of a healthy and not unprofitable 
occupation. 

Agriculture is but one of the vast nmnl>or of 
arts and crafts, vocations and avocations, that 
are dealt with in this all-embracing Ski.k- 
Edvcatok ; and I have lx*en tempted to dwell 
upon it for the reasons 1 here give, and also 
because the practical and comprehensive manner 
in which it is treated in this work is typical of 
the earnestness witli which the whole is Iteing 
edited by my friend Mr. Arthur Mee. and written 
by a company of exjiert writers such as, I ven- 
ture to submit, has not hitherto lxn*n gathered 
together for any one (‘durational purpose. It 
is sincerely to Ik* hojx*d that the reader in search 
of the lies! advice oil the choice of a career or 
the lx*Ht help to self-education will take up the 
Nklf-Edi’cator in the same earnest spirit as 
that in which it is Ixung produced. For 1 fully 
lieliovo that tins work will not only instruct 
and become a jx-rniancnt hand-book for daily 
reference in one's business, but that it will 
suggest to many readers u\ critics to usefulness 
of which they have not previously thought. 

Industries of the Future. Nor should 
it Ik* forgotten that there is always a rise or 
fall, a changing condition, in the trades of 
England. 1 may mention a case with which 1 
am familiar: that of the industries connected 
with road life. In those industries there arc 
now' employed in France about half a million 
people more than were similarly occupied ten 
years ago. It is by no means unlikely that at 
least as large a iuimlx*r will yet Ik* similarly 
employed in (Ireut Britain, as the populations 
of the two countries an* very nearly tin* same 
in extent. Throughout France hotels an* lx*ing 
regarnished, tine new buildings nix* taking the 
places of old and out-of-date structures, while 
others art' lx*ing reared when' none lx*fore ex- 
isted. In every town premises an* U*ing o| toned 
for the storage of road vehicles and depots for the 
supply of fuel and other materials required in 
their propulsion. In a won!, a vast new industry 
has sprung into being, and with its rise numerous 
other industries art* alTeeted, for the most part 
favourably. The making of self-propelled ve- 
hicles is alone a great industry in France to-day, 
although it is only in its infancy with us. Here, 
then, is a good example of the changing con- 
ditions to which 1 have referred, upon which 
the alert young mind should keep a watchful 
eye. Tins, one of the newest, as agriculture, 
ttie oldest of all occupations, will lx* found to be 
adequately treated in this work. 

Touching again upon the professions, sj legali- 
sation would seem to be the trend of the hour. 
Such ancient callings as the Law and Medicine 
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are showing a marked tendency in this direction. 
One finds solicitors and barristers, for example, 
confining themselves chiefly to one of such 
specialised branches as the law affecting public 
companies, patents, licensing, divorce or copy- 
right ; while most of the leading medical men 
are known as specialists in the treatment of 
diseases affecting some particular part or organ 
of the human body — the chest, the throat, the 
car and so forth. Even shopkeeping is de- 
veloping on specialist lines. The careless 
general shop, with the pleasant, easy-going, but 
often unsatisfactory, relations between buyer 
and seller, is steadily giving way to the great 
sjx*eialist shops, having branches all over the 
country, each branch in the hands of an expert, 
the whole controlled by a master expert. I am 
riot to lie held as extolling the system as 
the lx*st of all possible systems. I merely point 
to its existence and to t lie fact that it must be 
regarded watchfully by all seeking vocations. 


A General Fault in choosing Trades. 

Then, again, a general fault in the choice of 
nnc’s life-work is to follow' blindly in the foot- 
steps of some trade which, once profitable, may 
have ceased to lx* so : if not in imminent danger 
of extinction. Within the last two or throe years, 
incredible though it may Hound to those familiar 
with tho unhappy conditions of the trade, I have 
met jieople learning wood-engraving ; an occupa- 
tion practically — and 1 regret to think so — dead. 
They had lx*en articled to some wood-engraver 
by their parents, who had not taken the trouble 
to find out that this class of engraving was 
lx*ing superseded, has long Ikhui superseded, by 
the many ehoajx»r and quicker processes of photo- 
etching. 

Thus far. it will lx* remarked, I have referred 
mainly to the (x*eu pat ions in which the earning 
of money is esteemed of prime importance ; 
though that may be allied to genuine pleasure 
in the work. Of course, then' are others. Those 
who approach music, painting, sculpture, litera- 
tim*, mainly with the idea of accumulating 
money thereby are not likely to succeed in 
their ambition. But it may lie said of these 
pursuits, that, followed professionally, they are 
affording to their professors increasing returns 
in the material rewards of life ; while not less 
to-day than in times past do they minister to 
the highest and best that is in mankind. One 
is often asked. Who buys the modem pictures, 
and what becomes of the musicians ? Well, 
there are more painters and musicians to-day in 
England than at any other time, and I do not 
lind, on looking at the official reports of bank- 
ruptcies, that the arte are more dangerous than 
commercial occupations to those who engage in 
them. 


Opportunities for Women. Perhaps 
the most remarkable feature of latter-day 
employment is the great increase in the 
occupations for women. This is a development 
that may be good, or may be ill ; but the 
tendency is increasing beyond question, and it 
is the business of the Silt-Educator to reckon 
with it. A glance through this work will show 



an abundance of occupations for young women, 
many of which are by no means overcrowded. 
Speaking personally, as the director of a con- 
siderable business, I would like to make com- 
plaint of the inefficiency of the majority of 
young women who attempt to enter business 
life from shorthand and typewri ting sch ools. We 
find that not more than 5 per cent, are of any use 
until they have received a great deal of training 
in the office ; and this would not be the case 
if they had earnestly endeavoured to qualify 
themselves for the work during the year or two 
they had, presumably, devoted to attendance at 
schools. It is to be feared that many of them 
take to these pursuits somewhat lightly and 
without a due estimate of their responsibilities. 

Having chosen an occupation in life, one has 
next to consider a no less difficult question : the 
means of obtaining success. In some measure 
good fortune is possible to anyone who is blessed 
with health. For although all cannot lie equally 
prosperous in their affairs, everyone can make 
some kind of mark. Hut not by travelling the 
old roads. 

The Education that makes Money. 

Education all the world over — I do not say 
the best education, but the kind of education 
that makes money — is increasing. As a result, 
brains work more rapidly, though jiorhaps not 
so thoroughly as they did in I he past. In every 
direction we observe that men of active minds 
are breaking away from tradition and making 
fortunes by their boldness ; in many eases by 
actual reversal of the policy of their forefathers. 

It is not, in my opinion — and 1 base my state- 
ment on knowledge of successful men in many 
lands — the young man who seeks an appoint- 
ment in an old-fashioned business, and settles 
down doggedly to the humdrum, plodding work 
of doing his duty and observing precedent, who 
attains, even in the long run, to competency, far 
less to fortune. There are thousands of men in 
this and in every land who are hoping to make 
fortunes that way, and who never will. It is 
the man who goes into the shop, and, out of his 
own resourcefulness, his open and nimble mind, 
shows his employer how to sell new kinds of 
goods in new r kinds of ways, that eventually 
becomes strong enough to enforce his demands 
to a share of that shop or some other shop. 
The new thing and the new’ w r ay; or the old 
thing in a new way — either means success if 
there is concentration behind. 
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Concentration of Purpose. But this 
young man must be well in body all the 
time, so that his mind may lie free to 
devote itself to that prime secret of success 
— concentration. Fortunes come to audac- 

ious gamblers now r and then, and such rare 
but disastrous examples do, I know, disturb 
the minds of young men ; for every venturi' 
in life has, it must bo admitted, at least some % 
slight element of gambling. Hut, after all, it 
is concentration of pur pone that is the backbone 
of all success in the world, be it that of the poet 
or the pork packer. He who has cultivated the 
habit of concentration looks round every pro- 
position so thoroughly that he may bo said to 
have, so far as is humanly possible, eliminated 
therefrom every element of risk that a man can 
suppress. The gambler is not only lieset by 
risks, hut seeks them ; and the fate of the 
deliberate gambler in business is usually as 
dismal as that of the gambler in “ play.” 

Finally, after concent rat ion has brought about 
the initial success, optimism of toin)KTarncnt is 
necessary. It does much to carry with it those 
w ho are around one, associated in a common enter- 
prise, and it brings with it that leadership which 
is so essential to success in every walk of life. 
When Ferdinand do I/'SHops licgan to talk of 
cutting the Sue/, ('anal no one lielieved him, and, 
as a matter of fact, he won, as he himself con- 
fessed, on the wrong track at lirst. Hut gradually 
his forceful optimism jiersuaded individual after 
individual, and then nation after nation, that 
the thing could and should he done, and it was 
clone, despite the lielief of great engineers that 
the task was impossible. His career is an ideal 
one to study from the point of view of those 
who seek success. He may lie said to have done 
an old thing in a new way — for had not the 
Ptolemies done it *J,000 years Indore ? — and he 
had concentrated his whole existence on it. 

Optimism and Success. Let my last 
word strike this note of optimism, enthusiasm, 
once more Of nothing am I more firmly 
persuaded than that our own temperament 
is sure to help or hinder us in the Htrugg e 
for success. To 1 m* nervo inly apprehensive 
of failure* is literally to invito failure ; but 
to lie confident of success, or at any rate reason- 
ably hojK'ful and determined not to contem- 
plate the reverses is already to have won half 
the battle*. 

Alfred (\ Harmsworth 
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THE UNITY OF THINGS 

THE CENTRAL WONDER OF THE UNIVERSE 

By I)r. W. H. Fitciiett, Author of “ How England Saved Europe" 


THAT the world— the visible system of 
^ things about us — is a kingdom of 
mystery, an enchanted realm, we know; and 
it is striking to observe how steadily, as the 
area of knowledge widens, the sense of the 
mystery in the very structure of the universe 
deepens. It is always true, of course, that the 
wider the illuminated disc, the greater is the 
curve of encompassing darkness. But this is not 
all. The wonder deejjens in the illuminated 
area itself. The light does no; scatter the 
mystery ; it makes it only the more profound. 

And it is curious to note how wlmt may Is* 
called the centre of mystery is shifting. It lies 
to-day rather in the inconceivably little than in 
the immeasurably great. Science is teaching us 
that the infinitesimal ih almost more wonderful 
than the infinite. Yesterday the material vast* 
ness of the universe burdened the imagination, 
and threatened to kill faith. The frontiers of 
the physical uni verst* were being pushed ever 
buck. The heavens grew higher, the depths 
more profound. New' hosts of stars were 
sweeping continually into view. What a diffe- 
rence lietwixt the night-sky that our simple- 
minded fathers, with unassisted eyes, lteheld, 
and the saint* sky seen, through, say, the gigantic 
equatorial telescope of the Lick Observatory! 
And the wonders st*t*n even by the astronomer's 
c*ve through the great telescope are leas, by 
almost measureless degrees, than the wonders 
registered by a sensitised plate attached to the 
eyepiece of the telescojH*. 

The Infinitely Little. But to-day, we 
repeat, the centre of wonder in the physeul 
universe has shifted. The startled imagina- 
tion lingers not so much over the infinitely 
great, as over the infinitely little What a 
Hame of mystic and almost unquenchable tin* 
burns, for example, as we now know, in a 
microscopic sjieck of radium ! The tin me of 
Arcturus mx*ms. if not commonplace, yet intel- 
ligible, when put beside it. It is not some vast 
aggregate of matter -a planet hung in the 
depths of space - which seems to us most won- 
derful. It is the molecule ! Beneath the " open 
sesame " whispered by science, that which was 
till yesterday supposed to Is* the ultimate form 
of matter— the atom— become* transparent. Its 
boundaries are passed — and what strange king- 
doms stand revealed to knowledge ! Hen* is a 
system of electrons — inconceivably minute points 
of electric energy — moving in orbits like the stars, 
and with the speed of light. The constellations 
that bum in tne midnight skies — Alcyone, and 
its sister planets — are less wxmderfuf than the 
starry constellations, packed within the curve of 
every atom. A system of rushing stare hidden 
in a molecule ! Here is food for w onder of 
which our fathers never dreamed. 
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Yet, to the brooding and instructed imagina- 
tion, the centre of wonder in the system of 
things shifts once more. Xot things, but the 
relation of things, is that which, when even 
faintly realised, start le« the mind most. Only 
slowly, in broken gleams of light easily lost, 
do we come to set* that all forces, tilings, lives, 
are linked together hv subtle and far-reaching 
ties, so that the whole* system, of which W't* 
form part, is a unit. Tin* universt* is not a 
cluster of unrelated facts, but an organism. Not 
a chaos, but an ordt < i ldngdom. 

The Identity of Matter. Sometimes 
we catch, or think we catch, a glimpse? of 
the* solidarity of the univcm* when we are 
reminded of the identity of widely separated 
forms of matter; or of the unity which lies 
lichind a thousand varying kinds ot force. 
Let a tiny point of hydrogen flame* from 
a smoker s match In* taken, and a gleam of 
radiance from, say. the belt of Saturn: what 
can express tin* interval, measured in terms of 
space, which separates these* two tiny points of 
fire ! Yet, when tested by the spectroscope, 
they are found to Is* identical. Here is the reve- 
lation of a strange* identity of structure, which 
holds good across the* utmost bounds of the 
universe. And there are bints of identities 
equally woneh*rful in every realm. 

All forms of force, for example*, as science 
analyses tl»e*in, run back into one* force. What 
is the* pull of gravitatiem, the leap of electricity, 
the swift -running vibration of the light, but 
disguises — or expressions— of that mysterious 
ether which, according to our latest science, 
promises to explain everything, hut about which 
we know nothing. 

The Time-relation of Things. Yet 

it is not the identity in structure of things 
parted by the utmost vastness of space, or the 
unity- hidden beneath all diversities of working 

which links together all the forms of force, 
that most impresses the imagination. It is, we 
repeat, the subtle, infinitely close, yet infinitely 
complex, relations betwixt things which makes 
the wonder of the universe. Each fact stands 
related to every other fact ; to all that was, or 
is, or is to lx*. What may lx* called, for example, 
the time -relation of things is, when realised, 
nothing less than amazing. The child in a 
Ixxtrd school sees his teacher stand beside the 
blackboard with a bit of chalk in his hand. 
What is that bit of chalk to the child, or even 
to the teacher himself ? Merely a convenient 
substance for making white lines on a black- 
board. But. os a matter of fact, that bit of 
chalk is an ancient cemetery, in which lie buried 
creatures that lived, and played their part in 
the system of things, whole milleniums ago ! 
In the yet w arm seas of the slowly-cooling planet 
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floated myriads of infusoria, with power to 
secrete from the sea in which they floated a 
sheltering film of lime. As these t’ny myriads 
died, the microscopic facing of lime they wore — 
or their limy skeletons — sank through the warm 
unmoving waters to the sea bottom. In process 
of ages this grew* to a white slime ; some con- 
vulsion of the earth's structure lifted up the 
ancient sea bed, and the soft white slime became 
a chalk cliff. And the bit of chalk in the 
teacher's fingers represents the whole process ! 
What ages, what revolutions, what a measure- 
less geology that little bit of white earth hides 
in its atom-*. It i-*, in a sense, a perished eternity 
which the teacher holds in his fingers. 

Perished Eternities. The bit of coal, 

again, that lies in the grate represents, like the 
bit of chalk, a life that existed, and energies 
that were in operation, at a |H*riod which lies 
uncounted ages distant. The gas in the burner, 
the fire in the grate, are but heat of summers 
that glowed, the flame of suns that shone in an 
antiquity so far behind us that the imagination 
cannot even guess its date. Each form of mutter 
that the eyes see or t ho fingers touch to-day 
is, in this way, the index of a perished eternity. 

All this may, perhaps, seem fanciful. It may 
stir the imagination, hut has no prictieal signi- 
ficance. What is of supreme* significance is the 
present relation of things to each other; the 
close*, subtle, uneomprehendod wedlock which 
links all forces, all forms of life, into strangest 
unity. Behind each apparently isolated fact are 
relations which make it a part of every other 
fact. Here, again, the illustrations lie close at 
hand, hidden in familiar things. 

A bud on a tree in springtime — a little cluster 
of swelling leaves, packed in its tight sheath 
is the most commonplac * of objects. Hut what 
brings it there? What lids tin* close-packed 
leaves swell ? The mysterious forces of spring, 
it will be answered ; the energies of the brown 
earth, the kiss of the falling rain, the beat of 
the quickening sun. TIMS'* an* behind tin* bud, 
and explain it. Hut this “ explanation " is 
superficial, and itself needs to 1 e explained. The 
Bpring bud, a wiser answer declares, is the index 
of stellar changes ; its explanation runs up into 
the movements of the planets. That tiny, close- 
packed bundle of swelling leave e tells that tie 
earth has swung into a new angle to the sun. 
And if it is asked w r hy the earth has turn'd 
one of its aspects thus towards the sun — how- 
far back the explanation must go ! The sprii g 
bud is only the last link in a chain ofmovemen s 
which runs back not merely to the roof of tl e 
heavens, but to the dawn of all worlds. He e 
is a planetary movement translated into \e;ge- 
table terms, and set before our senses. We see 
only the bud ; and, if called upon to explain it. 
think only of that abstraction, ** the spring/’ 
But the wheeling planets, and the far-off forces 
that move the planets, are in the tiny curve of 
that solitary and tender bud. 

The Colour of the Rose. WTiat ex- 
plains the colour that bums on the leaf of 
* flower — the white in the curve of a lily, 


the purple in the tiny cup of a violet ? The 
answe \ of course, is that the colour comes from 
the sun. But let all that is included in that 
answer be realised. The sun is 93,000,(300 miles 
distant ; the colour which delights us in the 
flower— the crimson in the heart of the rose, the 
scarlet of the poppy— -eight minutes ago w*as 
actually in the sun, all those immeasurable 
leagues distant ! How did it reach the flow r or 
and become visible then* ? The running wave* 
of light from that far-off sun smites the leaf of 
tin* flower. By some process of vital chemistry, 
which Ini flies our wisest science to guess, the 
leaf disintegrates the ray. It selects and 
absorbs some of the colour elements, and reflects 
others. The miracle goes on while we gaze, and 
under our very eyes ; it is a living and continual 
process. What we see is only the last link in a 
chain of wonders. Nay, it is not the last link ; 
for ** every end," to quote Emerson, “ is a 
beginning. Every ultimate fact is only the first 
of a new series." The disintegrated light on the 
leaf of a flower sends its vibration through the 
optic nerve of the eye that looks upon it to the 
brain behind the eye* ; and then, by another 
mystery Indore which science is dumb, to the 
soul behind the* brain it brings the sensation of 
colour. The blue in the forget-me-not, the 
crimson in the rose, the white in the lily are but 
links in a chain of relations lietwixt our con- 
sciousness and the sun 93,000,000 miles distant. 
The tiny flower, it may he* said, interprets the 
ultimate dome nts of light to our consciousness. 

The Pebble on the Beach. A jH*hhle, 
to take another homely illustration, lies on 
the beach, and nothing could well l>e more 
inert and commonplace. Hut how came it 
there ? Why docs it lie on that exact spot 
and no other ? This, it will be at once said, 
was determined by the force and direction of the 
wave that flung it there. But what was ltchind 
that wave, and determined its direction and 
energy ? The* pressure of the wind ; and this, 
in turn, had for its cause* some* unknown changes 
of heat or cold, stretching over unknown king- 
doms of space*, and determined by forces which 
run up to flic* crown of the heavens and back to 
the; U*ginning of the* w'orlds. In a se;nso, it 
would have required a totally different history 
of the physical universe* to have cast that pebble 
a fe*w inches higher ! 

It is possible; to look at a lum nous arc of 
elec trie light and see; in it only a curve of calcined 
vegetable fibre, through which an electric bat- 
tery is forcing a current. The resistance to the 
current explains the light. But what is then* 
behind the battery ; and whence comes that 
strange force that pours into the arc ? Made 
visible in that flame, again, is a force running 
to the uttermost bounds of space;, and which 
itself may be but a disguise of that ether which 
is the ultimate stuff of w’hich the universe is 
made. 

The Inter-relation of Facta. Each 
familiar fact within the sweep of our sense, 
in brief, is the index of a whole mysterious 
history ; a process that stretches bock to the 
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fiwt syllable of unrecorded tiun. Things arc 
symbols ; they arc but counters in nature’s 
mighty currency. Each movement, each pulse 
of energy, each form of matter, is but the last 
link in a chain which runs back into mystery and 
into eternity. 

But there is a doejier wonder than even that 
which lies in what we have called the time- 
relation of things— the history that lies behind 
•things ; it is the mystic, uncomprehended, yet 
quick and vital inter-relations of things at the 
present moment, which, when realised, makes 
the wonder of the universe. No fact is isolated. 
No event is solitary. No force works alone. 
No life exists hut us part of all other lives. The 
nerve system of the human body, which links 
all its organs into consciousness, is only a symbol 
of the dose-knitted relationship which hinds 
the whole visible system of things into unity. 
An astronomer watching the disc of the sun sec* 
a pulse of more vivid light sweep across part of 
its surface. It is an electric storm, kindling the 
flame of the sun mcr a certain area to a new 
intensity. And in every observatory on earth, 
at the same moment of time, the elect rirnl 
instruments record what is hajqxming ! These 
vibrnte in rhythm In that pulse of energy ill the 
far-off sun, 

The Opening Flower, And corns* all 

the dept) is ,,f the sfniee. t he greatest thing* in 
the universe call to the smallest ; the hud, as we 
have seen, to the planet ; the Hume of colour 
in th<* llower to the flume of light in the sun. 
The laid swells as the planet wheels, and 
liecaiiKe tin 1 planet wheels. 

What is the relation betwixt a grain of wind- 
driven sand in a city street and the earth, or 
flu* whole system to which the earth lielongs ? 
Does mil that grain of matter attract every other 
grain in terms of known law ? If destroyed, its 
withdrawal, it is mathematically certain, would 
affect the gravity of the earth ; it would change 
its course ami speed through space. The planet, 
it may Ik* said, needs the atom, and would itself 
lie different if the atom were destroyed. So 
profoundly do even what we call insensate 
things atfeet each other ; so closely and vitally 
do they lielong to each other ! The old doctrine 
of the conservation of energy is insufficient. Tin* 
now teaching of science is the identity of all 
forms of energy. 

The Energies of the World. In one 

pregnant and striking passage, Emerson says 
” the entire system of things is represented 
in every particle. There is somewhat that 
resemWes the ebb and flow of the sea, day and 
night, man and woman, in a single needle of a 
pine.” But this is inadequate. The needle of 
the pine not merely Iielongs to the system of 
things; all its energies pulsate within* it. Tin- 
rhythm of forces in the sea tides, the procession 
of day and night, is felt in, and shared by, 
every fibre of the tiny pine needle. 

Tennyson was not* a scientist, but he had a 
poet’s vision into the meaning of science, and 
a poet's sympathy with its interpretation of 
the universe, and* he has compressed a true 
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scientific philosophy into half a doasn lamiliar 
lines : 

“ Flower in the crannied wall, 

1 pluck you out of the crannies, 

I hold you here, root and all, in my hand. 
Little flower— but if I could understand 
What you are, root and all, and all in all, 

I should know what God and man is. 

Solidarity of the Race. Only an acci- 
dental Mower ; planted by no gardener s care, 
but sprung from some wind-blown seed ; j r et 
think what mystic relations radiate from that 
tiny, unnoticed blossom ! Relations with the 
winds which bore it to the crevice in which 
it lies; to the rains that watered it, the 
brown earth that fed it, and fhe far-off 
sun from whose untwisted light it takes its 
colour. And what is true of the flower in the 
crannied wall is true of every other form of life, 
or pulse of energy, or shape of matter found in 
the whole web of tilings. The universe is a 
vital unit, and all its parts belong to each other, 
a fleet each other, are part of each other. 

But if all this is true of the great network of 
forces, and changes and things, which make up 
the visible universe, it must certainly he true— 
and true in an even higher and eJoser sense — of 
the human race, which is the crown of things ; 
the race which has for the material universe the 
funetinn t hut the thinking bruin has for the 
human body. The r-ilidarify of the race — the 
fashion in which we belong to each other, 
affect each oilier, are responsible for ouch 
other -is but faintly expressed by the kin- 
ship which subsists betwixt material tilings. 

In tlu* profoundcst sense, the race is a 
living organism. YVc realise this only faintly 
us yet. The “ solidarity of the race" is looked 
upon as a figure of speech, a poet's fancy. 
But the consciousness of that solidarity is 
growing, it will yet capture the reason of man- 
kind and U-cofiic imperative to its conscience. 
And when it has done this it will rc-shapc so- 
ciety and mould all our polities to a new pattern. 

The Living Organism of Society. 

Our polities to-duv are. in many resects, a 
denial of tin* great assertion of scripture that 
" God has made of one blood all nations to 
dwell on the face of the earth.” Our social 
laws an* in too many points in conflict with the 
very conception of human brotherhood. Hence 
the disorder in the social system, the strife in 
the relation of nations. But science in its own 
terms, and bv its own logic, is refloating the 
teaching of the Bible. It is slowly making 
visible the solidarity of the physical universe ; 
and the unity of the race is hut the highest 
expression of that solidarity. Vainly do seas 
divide nations, and diversities of speech or dif- 
ferences of colour — most fatal of all separating 
forces part one tiny fragment of the human 
race from another. The race, the Bible teaches, 
and science affirms, is a unit. And, under the 
laws that govern life, every part belongs to 
every other part ; gains bv its health, droops 
with its sickness, is made giad by its happiness, 
suffers with its pain. 



Hie whole political history of the race 
may be described as a parable setting forth in 
concrete forms the wreck and misery caused 
by the forgetfulness of its own unity by the 
human race. One nation has dreamed it could 
grow great by the destruction of other nations. 
A class has imagined it could prosper at the cost 
of other classes. And history, with its record of 
wars and revolutions, of empires destroyed, and 
kingdoms w'rocked and classes cast down, show s 
how nature — or rather that Moral Government 
which is above the universe and uses nature 
as its tool — has whipped all such selfishness. 

Indian Wheat and Kent Marriages. 

All this is true to-day ; it applies to the 
society of which we arc a part. Some examples 
of the vital relations which link men together 
lie on the very surface. A heavy wheat crop 
in India or Siberia means a higher marriage 
rate in Kent or Staffordshire. The failure of the 
cotton crop in Carolina means that the looms 
in Bradford and Leeds are idle. A “ comer *' in 
the Chicago Stock Exchange is translated into 
empty pockets, pawned furniture, and hungry 
little children in Lancashire. The suspicions and 
alarms betwixt the nations of the world yield 
another illustration— in sepia, so to sjK*ak — of 
the fashion in which we belong fo each other. 
If one great Power invents a new ride and sjK*nds 
millions in arming its soldiers with it, every 
other great Power must strain its wits to invent 
a still better rifle, and must tax its subjects to 
the very quick to pay for the luxury. For every 
rivet driven into the sides of a German or French 
battleship, English hammers must drive two 
rivets into the sides of British battleships. The 
nations cannot separate themselves from each 
other, any more than a man, by taking hold of 
Ids feet, e in lift himself off the earth. The 
effort to isolate does not really break any bonds. 

It only inflames all bonds. 

The Linking of all Lives. And it 

is not merely that nation touches nation. 
Individual is linked to individual ; the* poet to 
the clown, the millionaire to the pauper, the 
sons and daughters of nobles to the ragged 
child in the slums. We cannot separate our 
fortunes, or arrest the influences by which we 
touch each other. Society is a ship in which we 
art* all passengers. What imperils the ship, 
poisons its atmosphere, relaxes its discipline, 
casts a shadow' of danger on every life the ship 
caiTies. Blake, in one tremendous couplet, 
w rites a profound truth : 

“ A starved dog at the city's gate 
Foretells the ruin of the state,” 

The swift instinctive vision of the poet read 
that deep but as yet unrecognised hw that 
want unfed is the business not only of the 
poor wretch wdjo feels it, but of the whole 
society in which the hungry man stands. It 
points to some social disorder ; some false 
relation betwixt men ; some breach of wise and 
pi vine law. The strength of a nation, its wealth, 
its happiness, are but the sum total of the 
strength and wealth and happiness of the units 
which compose it. So a brain left untaught, a 
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conscience unquickened, a faculty undeveloped, 
a want unfed, represents a loss which makes 
the state, and every member of the state, poorer. 

Unity of the Moral Realm. But this 
law runs far beyond the boundaries of com- 
merce or of politics. In the moral realm no 
one will deny the relations which knit ,men 
together, and the forces by which they act on 
each other. In that high kingdom we are hound 
to each other by ties more subtle than anything 
matter knows, and surer because of their very 
intangibility. The shadow of a leaf lying on 
the glittering blade of a razor will permanently 
mark it. What can be lighter than a shadow’, 
what harder than oolished steel ? But the 
touch of even a shadow marks the steel. And 
character in each of us is a force that, for good 
or evil, is perpetually touching all other charac- 
ters. In the great realm of moral forces, cer- 
tainly, ” no man lives to himself.” A fearless, 
upright soul non forces goodness in every soul it 
touches. An evil man radiates wickedness. He 
taints the general conscience. He makes goodness 
harder, and evil easier, for everyone about him. 

These, of course, are platitudes ; luit they do 
not exhaust - they do not even adequately 
describe- --the area of our relations. The pro- 
found teaching of Ghrist, which is yet to trans- 
figure the world and recreate society, is that 
who touches for good or ill his brother touches 
Him ! Our acts towards each other reverlierate 
to the very throne and person of God. Service 
to each other is service to God. Neglect of each 
other is neglci t of God. The denial of another’s 
need is a refusal that runs up to the crown of 
the universe, and sends its echoes forward to 
the Judgment Seat itself. As Whittier sings : 

“ Who hates, hates Thee, who loves becomes 
Therein to Thee allied. 

All sweet accords of hearts and homes 
In Thee are multiplied.” 

Thinking Universally. We are ex 
horted by many voices to-day to “ think 
imfierially ” ; and no one will deny the lofti- 
ness and wisdom of that ap|s*al. Thought, 
for us, if we would not fail, must Ik* hh wide 
as facts. Wc must recognise all ties, accept 
all duties, fee! all the relationships which run 
out from us, and use all the resources which 
belong to us. We must “ think imperially ” in 
science, or we misread the universe* ; in polities, 
or we shall wreck the empire ; in commerce, or 
we shall drift into bankruptcy ; in morals, or we 
shall leave half our duties forgotten and mw 
half our life spoiled. 

But though the phrase, “ Think imperially,” is 
large, it is scarcely large enough. We must 
think, so to speak, in cosmic terms ! We must 
consent to feel ourselves part of the whole 
system of things, touching all lives and all 
forces, and touched by all. We must think of 
the universe, not in fragments, but — as its Maker 
planned it, and Himself thinks of it — as a unit, 
an ordered kingdom knitted together through 
all its forms and to its utmost boundaries by 
relationships so close that they cannot be escaped ; 
yet so subtle that they can hardly be realised. 

W. H. Fftchett. 

9 



GEOGRAPHY 


A STUDY OF THE EARTH IN ITS PHYSICAL AND POLITICAL ASPECTS 

WITH A SPECIAL TREATMENT OF 

HUMAN AND COMM.RCUL O.OQRAPHY, NATURAL PRODUCT# AND THEIR DI#TRI0UTION. 
THE EARTH’# SUHPACE i AIR, LAND, WATER 

Rain. Wind. Temperature. Climate. Land Forms. Mountains. Rivers Valleys 
Glaciers. Volcanoes. Destructive and Conservative Agencies. Distribution of Land 

Continents and Islands 

THE SEA 

Ocean3 of the World. Ocean Depths. Tides. Currents. Coasts. 

THE LIVING WORLD 

The Zones of Plant Life. The Realms of Animal Life. Man. Races of Mankind 
Government Religion. Material Civilisation. Population and Politics of Europe 

COMMERCIAL GEOGRAPHY 

Man’s Utilisation of the World’s Products. His Destructive and Creative Methods 
Utilisation of Raw Materials in Art and Manufacture. Land and Sea Products 
Manufactures. Transpor. by Land and Sea. 

BY 

Dr. A. J. HERBERTSON, Lecturer in Geography, Curator of School of Geography at 
Oxford University; Fellow of the Royal Geographical Society. 


THE RELATION BETWEEN THE EARTH AND HUMAN LIFE 

By Dr Hkrdkrtsox 


the many definitions of Geography, which 
^ in itself means only a description of the 
earth, |>crhnps the most useful for us is that it is 
the study which deals with the relation between 
the earth and life, and particularly human life. 

We study this relation for two reasons. The 
first- is because we must. We are wholly dcjK-n- 
dont on the earth on which we live. There is no 
other source from which we can obtain food, 
shelter, clothing, and tho other needs ot our 
material lift*. This is disguised from many of us 
lieeause wo inherit the fruit of the labours of the 
pioneers, the men who have found out in the 
course of centuries the l»est wav of using certain 
of the earth s resources. 

Man and the Earth. But the complex 
life, which in great cities seems to move of itself, 
depends at bottom on very simple causes. Some- 
thing, plant or animal, grows somewhere, or is 
dug out of the earth somewhere* ; it has to be pro- 
cured and transported, and modified by human 
ingenuity, and finally exchanged for some other 
necessary or luxury of life. All over the world 
men are striving to make two blades of grass 
grow when* o c* grew before, to irrigate the 
desert, to till the waste, to introduce new and 
superior kind* of plants and animals, so that 
the world may bo better and better able to 
support its teeming children. Yet all that is 
being done is but a fraction of what there is to 
do. New lands are no longer to be sought, 
yet new trades are waiting for their discoverer, 
and new sources of wealth to enrich him. We 
study geography first to loam what the world 
has tc oiler to man, how he has used it in tho 
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past and present, and how he might use it more 
profitably still. Till we know a great deal about 
the world we live in we are, as it were, working in 
tho dark. Knowledge is power. 

The Busy Working World. The second 
reason, out of many we might give, is even 
lietter. Tho more wo know of tho world the 
more wo are filled with respect and admira- 
tion for our fellow men, and the more we desire 
to Ik* of use to them. We set* the Eskimo fashion- 
ing out the most skilful weapons from the bones 
of slain animals, building boats of their hides, 
lighting and wanning himself by burning their 
fat, supporting himself, and bringing up brave 
and hardy children. The Indian woman in the 
western (Wert, where neither wood nor clay is 
to lw had, patiently gathers dry stringy desert 
plants, plaiting out of them the baskets, 
water- bot ties, and cooking-pots that she needs. 
The Chinaman works night and day in his 
flooded rice fields, knee deep in water, stabbed 
with rheumatic pains, bent, weary, glad to creep 
out of the burning sun under the shade of the 
mulberry trees his thrifty hands have planted 
along the raised wall of his rice field. The hill 
peoples of the Himalayan valleys, terracing their 
hill-sides, ceaselessly carry up soil, basket by 
basket, when the foaming river below leaves a 
little uncovered; they bring water by this laborious 
means and by that, and finally they *brigh ten a tiny 
patch of the bare hillside with a fruit tree or two, 
and a little square of golden barley. Who would 
not be filled with admiration for a race that 
shows such noble courage and ingenuity under 
hardest conditions of life ? We cannot think 
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of men in this way without ourselves 
becoming kinder and braver, and better 
fitted for our own battle in life. History 
and human life take on a new dignity 
and a new meaning. 

The Source of Light and Life. 
Where, then, are we to begin our study 
of a world which has developed such 
wonderful qualities in its sons ? 



Australia, new stars, which have been 
hidden by the curved surface of the 
earth, come into sight, and the familiar 
constellations disappear over the horizon, 
or rim of the earth. During an eclipse 
of the moon the shadow of the earth is 
outlined on the moon’ s disc, and it is cir- 
cular ( 1. J Finally, the weight of objects 
is almost uniform at the same height 


With 1. earth's 

that on which all depends — the relation shadow onmoox. al>ove sea-level at all parts of the cart hV* 
of our speck of a planet to the great sun surface. Tin's could hardly be the case 


round which it moves [4J. if the 
suns heat and light wen* with- 
drawn hut for an hour life, as 
we know* it, would cease to be. 
The laws which keep the earth 
in its invisible path round the 
sun, which bring back in due 
season day and night, seed time 
and harvest, are those on which 
the whole life of the world is 
built up. On the variations in 
the heat the earth receives from 
the sun depends again the whole 
system of winds and rain ; on 
these the life of plants : on the 
life of plants the life of animals 
and man. Every geographer 
must be in his heart some- 
thing of a sun-worshipper, 
and must sympathise with 
those who have, in various 
t i mes and places, worsl i i j »ped 
it as divine. He will, at 
least, never forget that by it 
we live and move, and have 
our being. 

The Planet Earth . 

The earth on which we live 
is one of many planets sur- 
rounding the sun, which is 
the source of all their light 
and heat. In shape it 
approximates closely to a 
sphere , and is generally 
represented as such. A 
few people still believe 
that it is flat. Many 
considerations, how r - 
ever, show that this is 
impossible. 

Perhaps the most 
convincing is the uni- 
form dip of the horizon 
at sea, or on a plain [3]. 

At sea the masts of a 
ship come into sight 
while the hull is still 
hidden by the curve of 
the eartfi, so that the 
ship seems to be sailing 
up-hill. For the same 
reason the hull of a 
re wxling ship disap- 
pears first, and the top 
of the masts last On 
a v °yage to our colonies 
of South Africa and 
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on a tint earth. Weight results 
from the pull exercised by the 
force or attraction known as 
gravity, or gravitation. If it 
remains the same it must Ik* 
because the distance from the 
centre of attraction remains ap- 
proximately the same. A figure 
in which every point on its sur- 
face is equally distant from a 
given centre is a sphere. This 
implies that the earth isspherieal. 

| For fuller treatment of the sub- 
ject , see Physics.] 

The Earth's Rotation. 
The earth is not at rest. It re- 
volves round the sun once in 
days, and rotates on 
its own axis once in twenty- 
four hours [7|. These two 
movements give two fixed 
measures of time, the day 
and the year, which have 
lw*en in universal use since 
the dawn of history. Hoth 
movements are of profound 
importance in fitting the 
earth to lie the home of 
living creatures. Their 
nature and consequences 
must lie clearly understood, 
or our geographical ideas 
will always l>e superficial 
and confused. 

Day and Night. 
The most dramatic of 
the consequences of 
rotation, the unvarying 
sequen *e of day and 
night, is so impressive 
that these phenomena 
an; noticed and named 
by even the lowest 
races, who often invent 
grotesque legends to 
account for what they 
cannot otherwise ex- 
plain. What really 
happens is that the 
earth is ceaselessly 
turning in one direction, 
into the sunlight and 
out of it. In common 
language w r e say that 
the sun rises and sets. 
In reality it is always 
shining, but a particular 
11 
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place on the earth V 
aurfacc haw moved 
into or out of it* 
light. The* direction 
in which the nun 
cornea into night in 
called coat, the 
direction in which it 
disHpjwars, went. 

• The earth, there- 
fore, in rotating 
from went to cant. 

Am it turns, point 
aft“r point catches night of the rising nun, and 
logins its day, while on the opposite Hide jxiint 
after point ioncH night of the netting nun, and 
beginn its night. 

The first result of rotation, therefore, is that 
all parts of the world have a share of the sun's 
light and heat. If the earth did not rotate, one 
side would always fare the sun, and would have 
(icrfM’tuul day, and one side would always Is* 
turned away, and would have |>crpctual cold 
and darkness, flota- 
tion pit* vents a great 
wirt of the earth’s sur- 
aee from I icing unin- 
ha hi table. 

Our Daily Jour> 
ney. We are so fa mi liar 
with these facts that we 
seldom nudist* how vast 
a journey wr make 
every day of our lives 
without licing conscious 
of it. Its actual length 
dc*|»ends on the position 
of our home on the 
cm th. This may Is* 
clearer if we think of 
spinning a top so that 
it rotates in (lie same 
manner as the earth. 

If wc draw on the top 
ft series of parallel circles it will at once lie seen 
that these diminish in circumference from the 
largest, which is round the middle of the top 
where it bulges out most, to the extremities 
Clearly, a point on the greatest or middle circle 
makes a longer journey during one rotation than 
a point on the second circle, and must there- 


fore move quicker. 
Similarly, a point 
on the second circle 
travels further and 
moves quicker than 
a point on the 
third, and so on 
till we come to the 
top and bottom, 
where the circles 
are reduced to two 
dead points, for 
which there is no 
journey at all, and which are therefore at rest. 
i )n the spinning or rotating glob? these stationary 
points, where the earth’s movement is reduced 
to zero, an* called the poles. The line joining 
them is called the axis of rotation. Exactly half- 
way l>ctueen the poles we get the greatest eir- 
cumference, which is represented on our globes 
or models of the earth by a line called the 
equator. If the earth were cut through the 
equator it would lx* divided into two half 
spheres, or hemispheres* 
which would lx* exactly 
equal. It is hardly 
necessary to caution the 
student that the equa- 
tor is an imaginary line, 
which is marked on our 
globes for convenience 
of measurement [2). 

The Earth's 
Dimensions. Know- 
ing the meaning of the 
terms pole and equator, 
we can define the shajie 
of the earth more ex- 
actly and estimate its 
size. 

If the earth were a 
| a* r feet sphere the polar 
diameter would lx* ex- 
actly equal to the equa- 
torial diameter. This is not the caw*. The 
equatorial diameter measures 7,927 miles, the 
polar diameter only 7, 9(H) miles. We find, too, 
that objects are slightly heavier at the poles 
than the equator. This shows that points on 
the earth's surface at the poles are very slightly 
nearer to the centre of gravity than points on 
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the surface at the equator, or, in other words, 
that the earth is very slightly flattened at the 
poles. Such a figure is called an oblate spheroid . 
The earth’s surface is very irregular, pitted, in 
fact, like the skin of an orange. The highest 
mountain is about miles high (29,000 ft.), 
and the greatest ocean depth is rather more 
(31,000 ft.). The difference between the two is 
equal to 12 miles nearly, or half the difference 
between the polar and equatorial diameters [6]. 


QKOOItAPHY 

the horizon, the shadow of a man or a tree 
points north.* 

To fix the position of a place we require, 
however, more than those general ideas of direc- 
tion. They are not sufficiently precise. London 
is south of Edinburgh, but it is north of Paris. 
For practical purposes the measurements known 
as latitude and longitude are employed. Latitude 
measures distance north or south of the equator. 
Longitude measures distance oast and west of a 
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Such irregularities are allowed for in estimating 
the dimensions of the earth, but no estimate is 
absolutely correct. The circumference of the 
earth at the equator is about 25,000 miles. The 
area of its surface is estimated at 197,000,000 
square miles. 

Direction and Position. Our first ideas 
of direction come from the rotation of the earth. 
The direction in which the sun rises we call east, 
the direction in which it sets, west. If we stand 
with the east on our right hand and the west on 


line joining the poles and cutting the equator at 
a known point [8], 

Latitude. The circumference of a circle 
contains 300 degrees, written 300°. The actual 
value of a degree varies, but it is always :i J (( of 
the whole circumference. A semicircle contains 
1 80° ; a quarter circle, or quadrant, contains 90°. 
The distance between pole and equator is a 
quadrant, or 90°. On a globe wo see circles 
drawn parallel to the equator. These are called 
parallels of latitude, and they measure the dis- 
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our left the direction towards which we face is 
called north, and the direction to which our back 
is turned, south. The corresponding poles are 
the North Pole and the South Pole . Tne hemi- 
sphere containing the North Pole is the Northern 
Hemisphere ; that containing the South Pole, 
the Southern Hemisphere. In the northern hemi- 
sphere at midday, when the sun is highest above 


tance from the equator in degrees. They are 
numbered from 0° to 90°, the equator being 0°, 

• As wc often want to know direction when the :mn is 
not shim..?, th~ mariner’* compass is used for practical 
purposes. In Its construction use is made of the fact that 
an Iron needle is deflected to the north by the magnetism of 
the earth [See PhysiosJ. Such a needle Is fixed on an 
indicator, on which thirty-two directions, or points of the 
compass, are marked. 
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the pole* DO 0 . Whether north or south latitude 
must also be stated. IK)'' does not tell us which 
pole, but IK)° X. identities the North Pole, and 
00° K the South Pole. All points with the same 
latitude -that is, on the same parallel — are 
equally distant front the equator. On glolx’s 
the parallels of latitude are usually drawn 
for every . r *° or 10 , hut on huge scale maps 
they may U* drawn for evorv 1°. Distances 
less" than a degree are expressed in minutes, 
written ' ; and seconds, written *. 1° ~ 00' 

= b0xfl0 # : 3(100". 

Longitude. If we know the I ititude (f a 
place we do indeed know on which parallel of 
latitude it lies, but not its position on this 
parallel. To decide which of all the points on 
the parallel in question is the one wo want we 
must also know the longitude. In reckoning 
longitude, or distance east and Most, wo have 
nothing corresponding to the equator as a 


starting-point. Any place may be selected, but 
(Irecmvich, which has a famous observatory, is 
generally taken. A line joining the poles and 
passing through Greenwich is called the meridian 
of Greenwich, or the prime meridian, or some- ( 
times the zero meridian. Every point on the 
prime meridian has the longitude 0°. The point 
at which it cuts the equator has latitud * O ', 
longitude 0° — written lat. 0°, lone. 0°. From 
the prime meridian the others an' measured 
and numU'red east and west. As there are 
300° in a circle, the meridians will run from 0° 
to 180° E., and fnun 0° to 180°YV\, the meridians 
180° E. and 180° W. being identical, and passing 
through the middle of the Pacific Ocean. Now 
we can locate any point of which we know 
both the latitude and the longitude. It is 
the point where the meridian indicated by 
the longitude cuts the parallel indicated by the 
latitude 



!!. STANDARD TUCK ALL OVER THE WORLD. 
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It may be noticed that, while a degree of lati- 
tude has always the same value, a degree of 
longitude decreases from the equator to the 
poles, to which all the meridians converge. If an 
orange is skinned the arrangement of its sections 
illustrates this convergence very prettily. 

Measurements of Time. The rotation 
of the earth enables us to measure time as well 
as space. The starting-point of our reckoning is 
noon, the moment when the sun is highest above 
the horizon. All places on the same meridian — 
which means midday — have noon, or high sun, at 
the same moment [ 1 1 1. The earth rotates through 
300° in twenty-four hours— that is, through lf>° 
in an hour. Consequently, when it is noon at 
Greenwich it is 1 p.m. on the meridian of l.V* E. 
and 11 a.m. on the meridian of 15° \V. On the 
meridian of 30° E. it is 2 p.m., when it is only 
10 a.m. on the meridian of 30° \V. Similarly it is 
3 p.m. on the meridian of 45° E. and 9 a.m. on 


QBOQIUraV 

Revolution snd its Consequences. 

The earth revolves round the sun once in a year. 
The path it traces out, its orbit . is an rrit;wf. 
which brings it in December to a distance of 
91} million iniies from the sun, and removes it in 
June to 94 \ million miles. The plane in which 
this orbit lies is not that of the equator, hut the 
two are inclined at an angle of 23 J°. In other 
words. the axis of rotation is not upright, as in 
the spinning-top, hut tilted. As the earth's axis 
is always tilted in the same direction, each hemi- 
sphere is tilted towards the sun alternately in 
tite course of one revolution. A single glance at 
the diagram makes this clear [12). 

Ka'h hemisphere, therefore, alternately re- 
ceives a maximum amount of light and heat, and 
experiences the phenomena known as the 
seasons. If the axis of the rotating earth were 
vertical, the rays of the sun would always fall 
vertically on tin* equator, which would probably 
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12. THE KEVOLrTlON OF TilE EAR'Ill BOlNlJ THE SIN IN EVERY MONTH OF THE YEAR. 


the meridian of 4, 5° W. On the meridian of 180° 
it is midnight 1 10]. Is it midnight to-day, or is it 
midnight yesterday ? Questions of this kind are 
settled by international agreement. The custom 
is for a ship sailing eastwards across the Pacific 
to reckon two consecutive days of the same name 
as it crosses the meridian of 1 80°. As the meridian 
falls in mid-ocean no inconvenience is caused. 
A ship sailing w r est drops out a day. Similar 
agreements are made for changing the hour. 
Thus, if a traveller from England goes to Belgium 
his watch will correspond with the Belgian 
clocks, for these are regulated by Greenwich 
time. If, however, he goes on to the German 
frontier the clocks there show’ mid-European 
time, by which his watch will be an hour slow. 
The time thus shown by clocks is called standard 
time. It generally varies more or less from true 
local or sun time, but it is very convenient to 
have uniformity of usage [9]. 

To be 


1m* too hot for human habitation, while most of 
the other regions which are now' densely peopled 
would certainly be too cold. The inclination of 
the axis, and the yearly revolution, complete the 
work of rotation and render nearly the whole of 
the earth tit for habitation. 

The Seasons. Let us now’ consider care- 
fully the relation of earth and sun throughout a 
year[5]. On March 21st the sun is vertically over- 
head at the equator, and the earth presents, as it 
were, its rim towards it. The sun’s rays fall 
equally t ow'ards l>oth poles, which they just reach. 
Day and night are therefore equal all over the 
world. This is the spring or vernal egvinox. The 
earth is now moving into that part of its orbit in 
which the northern hemisphere is tilted towards 
the sun. The sun rises daily higher above the 
horizon in the northern hemisphere, and the dayB 
grow longer and warmer. This is the spring 
of the latitudes north of 23.}° N. lat. 
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BABYLON, THE FIRST PAGE OF DEFINITE HISTORY 


T T7/K tin w 11 of history Hojuctinys appears to 
1 generations which have left it long behind 
ox if it were hut the (I link of history, with 
utter darkness growing on. \Ye seem to low* 
all poNMihilify of bringing ourselves bark into 
association with those jK'riods now submerged 
in darkness. Then suddenly coineN some enter- 
prise of exploration and research, which up / smith 
to open for us the very tombs of the past and 
gives us light by which to study their contents. 

The Dawn of History. For some genera- 
tions the genius of research has been illumina- 
ting the earliest records, and in our own time 
has been making itself more and more manifest. 
The city of Babylon, the capital of the great 
Babylonian Empire, has thus been recovered 
for us from that apparently mythological re- 
gion to which, for many centuries, it had been 
consigned. Explorers have discovered buried 
cities, and the research of (ptalified scientific and 
historic scholars has found in the shattered 
walls and broken pillars of these buried capitals 
ample and unquestionable records of that place 
at that /KM'iod of the world's history. When the 
ruler of a people is at pains to record on monu- 
ments of stone or tablets of metal an account 
of the events which have happened during his 
time, we may take it for granted that he did not 
defy public opinion, even such public opinion as 
then* was in his day, with regard to his autho- 
rised description of the events which he saw 
and had hel/ied to create. Any discoveries made 
afterwards by historical research have generally 
tended to confirm the accuracy of these monu- 
mental records. 

Babylon Re-created. Thus the modem 
world has been able to re-create the famous city 
of Babylon, which had been for so long shrouded 
in legend. Pliny, the Homan historian, bom some 
twenty years after the opening of our Christian 
era, declared that in his time the site of Babylon 
was only a desolate wilderness. Early in* the 
eighteenth century European explorers gifted 
with a scientific And historical intelligence set 
themselves to study this desolate wilderness, 
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and from that time down to our own days 
explorations of the same kind and for the sn mo 
object have been go.ng on. Mr. Rich and Sit 
Ji. Ker Porter were among the first w ho conducted 
these researches, and more lately Sir Austen 
Henry Layard, Sir H. Knwlinson, and M. Botta 
rendered most valuable service to the world by 
their studies of the rediscovered monuments. 
Babylon was in its great days the most su/>erb 
eitv then found in the world. Its Hanging 
( >ardens appear to have lieon constructed, each 
of them, in the form of an amphitheatre, in 
terraces, one rising above another, and ascended 
by steps, the whole structure supported by huge 
arches raised on arches. 

Most of the inscriptions carved on the relics 
which the modern explorers succeeded in dis- 
covering were in the cuneiform character. These 
were translated by Sir Henry Hawiinson and 
others, and hcl/icd to throw much light on the 
lost history of Babylonia. Sir H. Hawiinson 
delivered many lectures on the subject at 
different times in London, and be gave to the 
British Museum many relics of the greatest 
historical and arehivoiogical value. The Her. 
Professor A. H. Sayce delivered lectures on 
Babylonian literature, and Mr. Robinson Souttar, 
in his “ Short History of Ancient Peoples," pub- 
lished only two years ago, has thrown much 
light on the history of Babylonia. 

The People of Babylon. The region of 
which Babylon city was the capital lies north- 
west of the Persian Gulf, bounded on the north 
by Assyria, and on the west by Arabia. It is a 
broad flat country, watered by the Euphrates and 
the Tigris. At one time the soil was rich and 
well-watered, and had a liberal growth of trees 
and plants. Babylonia gave evidences of what 
must be called civilization before any other land 
except Egypt alone,* and Abraham, the parent 
of the TVelve Tribes of Israel, was by birth a 
Babylonian. The Babylonians as a people were 
ma ; nly occupied in agriculture, and they were 
advanced enough in the principles of civilization 
to construct a great system of canals, all of 



which were used for the purposes of irrigation, 
while some of them were large enough to be 
sailed upon by boats, and thus made available 
for the business of commerce. The people of 
Babylon were in those distant days entirely 
devoted to the work of peace. Their subsequent 
history shows us indeed that, like most other 
populations who began with peace, they soon 
drifted into war and efforts at conquest. 

A Code of Laws. Mr. Souttar's volume 
is enriched by an introduction from Professor 
Sayce, who tells us that, ow ing to recent research, 
“ We know now f that Egypt and Babylonia and 
Assyria enjoyed a culture and civilization of 
high order, long centuries before Herodotus or 
even Homer, and that the elements of Creek 
culture itself were derived from the East.'’ He 
tells us, too, that owing to modem researches 
“ in Babylonia, a code of laws had come to light 
eight centuries older than that of Moses.” This 
code of laws “embodied the decisions Tif the 
royal judges in the various cases which for 
unnumbered generations had k*cn brought before 
them.'* So lately as MX)2, Professor Sayce tells 
us that a copy of this code, now deposited in 
the Louvre, Paris, was found by M. de Morgan 
“among the ruins of Susa, to which it had been 
carried as a trophy by an Elamite invader of 
Babylonia,” and that this code “testifies to 
the existence of a highly -organized and long- 
established society and to respect for property 
and law.” Again, wo are told that “ notice is 
taken even of the o|>erations of a surgeon and a 
veterinary ; if they are successful, the amount 
of the feo is fixed ; if they result in death or 
blindness, the unskilful practitioner has to 
submit to punishment.” 

Babylonian Buildings. Wo learn that 
splendid palaces were built, lavishly ornamented 
with frescoed walls and floors, while the ordi- 
nary houses were built with stories and w indows 
like those of a modern day. There were two or 
three systems of handwriting in use, and it is 
only in quite recent years that we have come to 
know of the mere existence of those methods 
of expression at an age so utterly remote from 
ours. Modem discovery has, indeed, made it 
certain that Greece itself was aliout the same 
time as Babylonia enjoying a degree of culture 
and civilization which passed away afterwards 
and left a blank of long endurance, so that, in 
fact, the culture w hich we now regard as identified 
with t h • Ircc c of classic days was but a renais- 
sance in the most distinct sense. “Ancient 
history ; Professor Sayce tolls us, “ in truth, 
being re made in our days, and from time to 
time it ** needful to take stock of the knowledge 
of it which we have thus for acquired, and to 
place it before the world.” 

Babylonia, at the period when it comes into 
the dawn of history, was apparently inhabited 
by a m»xed race, of the most part Semitic — that 
is to say, the race claiming to descend from 
Shem, a Hebrew race in fact. The very earliest 
of the population, however, seemed to have been 
Accadian and the earliest cities were of Accadian 
creation. The antiquity of some of these cities 
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is well established by the style of the cuneiform 
writing found on their monuments, which evi- 
dently belongs to the earliest and rudest days 
of that writing's development, and also by the 
nature of the language itself, which is not akin 
to the Semitic, or Hebrew, but bears greater 
affinity to the Persian. The earlier inhabitants 
of the region were soon absorbed in the stronger 
Semitic race, and the Semitic language became^ 
the usual medium of conversation, although the 
original tongue was for long after kept up as a 
study by Babylonian scholars. 

The Babylonians did not rise to anything like 
a high level in the character of their religious 
l>elief. They were for the most part idolatrous 
and polytheistic. Astrology and oven astronomy 
w ere much studied in Babylonia. Their divinities 
were t lie Lord of Heaven, the Lord of the Sea. 
and the Lord of the World, and in lower orders 
of deities enme the gods of the sun and the 
moon and the air, and several orders of minor 
deities, some of these only recognised in certain 
localities. Tlio Babylonian populations hod 
their own snored books, their collections of 
hymns, jiHalms. and even incantations, and 
different forms of service to be used on the 
days marked out for the worship of the different 
deities. They had fast days, and a Sabbath day, 
w hich was in itself a strictly religious institution. 
Among their many legends describing the 
creation of the world and the deluge was one 
which sot forth the story of the Tower of Babel. 

Babylonian Books. The Babylonians were 
a reading jieople, and formed many libraries. 
Their books did not, however, resemble in form or 
in material the volumes which occupy the shelves 
of a modem library. Babylonian books wore, 
indeed, sometimes written on papyrus, but, for 
the most part, they were constructed of clay 
tablets, on which the writer inscribed his ideas 
with a letter stylus or js*n. while the day was yet 
plastic, and then put them for a while to dry 
and grow hard in the sun. There are not so 
many mat (‘rial evidences to bo found concerning 
the early history of Babylonia as there are for 
the early history of Assyria, and this is to be 
uscrilKxl in great measure to the fact that the 
Babylonians hod but a limited quantity of stone 
at their disposal in their soft and earthy country- 
sides, and that they therefore made use* of the 
more readily perishable sun-dried clay for the 
registration of their history and for their every- 
day purposes. We know quite enough to make 
us certain that the Babylonians were a reading 
people, so far as reading could be accomplished 
in their time. They were students of astronomy 
in the practical sense, and they even went so 
far as to prepare astronomical observations. 
They divided the firmament into constellations, 
and to them we owe the introduction of the 
signs of the Zodiac. The Week was divided by 
them into seven days, and the civilised world 
has followed their example in this plan for the 
division of the year into weeks, while the names 
still retained, which call certain of the days after 
the sun and the moon, are adopted from the 
Babylonian method. 
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Mlito% «0*m& fcfetabes 4 o» qI tin ftrqggjea 
rV- f ii l^ « » niw UL yil p ai l andrukr*. The* oun 

*ftfrktd whan Assyria, at first * Babylonian 
Wfltty, sunn — dc d In conquering Babyknia kself, 
«d tim followed the reigns of * number of 
wWrs wboee names and whose conjectural history 
it Is not nec e s sar y to deal with in this course, 
under one of these sovereigns Babylonia became 
released from the suzerainty of Assyria, and 
united upper and lower Babylonia under one 
rule, and then Babylon became the capital of 
the united people, and remained so for fifteen 
oenturios. One of the greatest sovereigns who 
ruled over the united Bvbylonian Empire was 
Nebuchadnezzar, or, as some historians call him, 
Nebuchadrezzar. Under his power Babylon 
became more and more a great city. He reigned 
for 42 years, and may le paid not merely to 
have rebuilt Babylon, but to have restored 
almost every temple throughout the country 
and to have rairoa many new buildings of the 
same order. 

Daniel. We are told that every mound 
opened by explorers in modem days has 
contained tablets inscrilcJ with Nebuchad- 


lnlrrtanla anger many g enero us impulses, and had evm 

- V „ ' . _ 1_A t 


gleams of m internal light, which now and 
than seemed to he leading mm to a higher forp 
of won hh> than tlpat which prevailed at Ids 
court ana throughout his people. During hH 
rein Babylon became a great city covering some 
144 square miles of ground, ana from its walls 
arose some 250 towers, while it had 60 gates of 
bronze picturesquely moulded. The river 
Euphrates had its course through the middle of 
the city, where it was crossed by a magnificent 
bridge of stone, and the bridge had noble em- 
bankments, and on each side a superb imperial 
palace. The care of the ruler extended also to 
the other parts of his realm. He built many 
temples in other cities as well as in Babylon, he 
constructed canals, and also great reservoirs for 
the important work of irrigation. 

The Empire of Nebuchadnezzar. 

When Nebuchadnezzar’s career closed, his 
Imperial sway had spread to a vast extent, but 
like other imperial systems constructed after 
the same fashion, it had to depend altogether 
on military ambition and military strength and 
skill to hold it together. That is, indeed, the 
peculiarity of all monarchies which take under 
their control several different nationalities sub- 


nezzar's name. He vas an imadcr, like most 
other monarchs of his time, and he after- 
wards besieged and captured Jerusalem, and 
later still did his best to devote the city to 
destruction, and removed noun of the Jewish 
inhabitants to Uhaldca. One of those thus 
removed was the prophet Daniel. For an account 
of the closing period of Nebuchadnezzar's life 
we have to look mainly to the records Ix'qucathcd 
by Daniel. The country had then a time of 
peace, but Nebuchadnezzar himself was for some 
seven years the victim of a dangerous form of 
insanity. He nx'overcd at last from this par- 
ticular affliction, ami seems to have come back 
to his subjects a wiser and n notch letter man. 
It would apjK-ar that during the short remainder 
of his life he was able to make himself much 
admired and trusted by his j*eop!e, but he did 
not live Jong. He died some , r >(H) years before our 
Christian era, and is said to have Urn then 
more than eghty years of age. 

A Man Dorn to bo King. Nebuchad- 
nezzar was unquestionably a man of great 
and varied ability, a man ot genius, in fact. 
He would have been famous as a soldier and 
a general had he been only a soldier and a 
general, but he was also an architect of the 
highest capacity, endowed with much artistic 
imagination, a thoroughly practical engineer, and 
a man who might well be described as bom to be 
king. But he was, according to all records, one 
of the most despotic even among despots. 
His cruelties to those ho had conquered seem to 
have been sometimes outrageous and wanton, 
even for that era, when conquest and cruelty 
generally wont together. But he behaved with 
remarkable kindness to the prophet Daniel, and 
for a time he actually set up Daniel as something 
Idee an object of worship. It is evident, indeed, 
that he had during his strange and varied 
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jugated by force of arms. There is no common 
impulse of loyalty, and when the grip of power 
lclixcs the captives begin to disperse. When 
Nebuchadnezzar died there w r as no one qualified 
to take the place he had maintained, and the 
empire he had formed began to fall asunder. 

The son of Nebuchadnezzar, Evil-Merodacli, 
succeeded to the throne of Babylonia. He seems 
to have been a man of liberal and merciful 
spirit. and was much in advance of his age with 
regard to the toleration of religious creeds and 
practices di tiering from his own. It is even said 
that the indulgence that he showed to the 
Hebrew religion created alarm and anger among 
the idol -worshippers of his day, and led to the 
conspiracy which accomplished his death. That 
conspiracy was headed by his own brother-in- 
i’"’. who, after the assassination of the ruler, 
succeeded to the throne. Evil-Mcrodoch had 
reigned for only some two years ; his successor 
held for over four years the position which he 
had won by his crime, and he was followed by 
the last sovereign of that dynasty, whose reign 
came to an end w ithin less than twelve months. 

The Beginning of the End. Another 
sovereign, not of the fame house but related 
to it, was ruler of the state for some seven- 
teen years, but during his time Babylonia 
began to show' many evidences of declining 
power and of relaxing cohesion. The desire of 
the new sovereign appears to have been to 
make the city of Babylon not only the centre, 
but even the sole stronghold of religious and 
political activity and display. He thus aroused 
the jealousy and the hostility of the provincial 
populations. In fact, the whole of Babylonia 
turned in revolt against him because of the 
neglect which he had shown for his duties as a 
sovereign to all the populations outside that 
of the capital. 




BABYLON AT THE HEIGHT OF ITS PROSPERITY: “THE BABYLONIAN MARRIAGE MARKET.’ 




■ ■■• trt—. fe the Grm nwr tod. rt ffched to 

nmtiw M« Kate and new combinations Ctaplan Se* to the Meditenranean, and he then 

of states were forming in the Beet, end eoon began at onoe an invasion of Babylonia wi'the 

began to threaten the now somewhat weakening norths Hie first attempt was not sucoesefubas 

Babylonia. The Babylonian frontier* had for the fortification* of Babylon were powerful, but, 

near neighbours four distinct nationalities, as we hare already said, there was much dis- 

Tbese were the Manda population, a barbaric affection among the populations under the rule 

race sprung from the Scythian invaders ; the of Nabonidos, many of whom were actually 
0 Medes, who had settled northwards towards the foreigners forced into Babylonia by some of its 

Caspian ; the Elamites, living in the eastern former rulers. These foreign populations were 

mountain ranges, and the Persians, settled on the willing to support the intervention of any new 

shores of the Persian Gulf. The Manda had a invader, and the army of Cyrus won a complete 

sovereign ruler, Astvages, of whom history was victory over the Babylonian King. Thereupon 

to hear much, and the King of Elam was Cyrus, the second city in Babylonia, Sippara, sur- 

of whom history was to hear much more. For a rendered to the invader without putting him 

time the sovereign of Babylon and Cyrus would to the trouble of accomplishing its capture by 

appear to have been on terms of friendly agree- force of arms. 

ment, and both alike looked upon Astyagcs as New Ru j ep of Babylonia. This event 
a dangerous rival for empire. According to prove d to be practically decisive of the 

inscriptions found on some tablets dug up in 8trU ggle, for Babylon soon after made its 

modern days, the ruler of Babylon Sieved that 8 urrender to the ‘conqueror. Nabonidos was 

he had U**n in a dream inspired by one of his madc a pr j 80 ner, and kept in chains for some 

gods to attack the Manda people, and, guided mnnt}l8 ; a f ter which he died, or, in all proba- 
by this dream, he formed an alliance with bility, was actually put to death in prison. 

Cyrus. This u banco led to a war against wag now the recognised ruler of the 

Astyages, in which Astyagcs was completely country, for the son of Nabonidos, Belshazzar, 
defeated and Ins dominions wen* annexed by ha(1 fall(in in battlc> or been put to doatb . 

y ruH * Cyrus had evidently much of the genius of a 

The Conquests of Cyrus. The spirit of ruler, and he did his best to make himself 
conquest carried Cyrus much farther. Hebe- ueeeptable to the Babylonians. He reversed the 
came master of Persia, and was received there policy which had been making Babylon the seat 
all the wore readily because Ik* claimed descent of all authority, and of all recognised position, 
from the Persian royal family. After his by restoring the provincial cities to tlieir full 
victory over Astyagcs, a victory in the results share of influence, and by inviting exiled Baby- 
of which, as in the accomplishment of which, lonians to return to their natural home. He 
Cyrus assumed the greater part, hi' was able was also systematically tolerant to difference s 
to unite under his sovereignty the Elamites, of religious faith, and lie was friendly and 
the Persians, the Medes and the Manda. It soon liliera! towards the Hebrews. Babylonia finally 
became evident to the Babylonian sovereign became a part of the Persian Empire, and its 
Nabonidos that, although Cyrus and he had history thus becomes mingled with (hat of 

begun in alliance, such a condition of friendship Greece, as we shall sec in another part of this 

was not likely to last long. Babylonia wa- course. In later days the city of Babylon 

already twginnmg to fuel that the alliance with passed out of living existence, until “only 

Cyrus was not much to be depended on. She mounds of rubbish remained to mark the site it 

was about to form an alliance with Cro sus. the had once occupied ” in such splendour and 

Movenngn of the Lydians, but Cyrus, under- power. The Babylon of which we now know 

standing probably how things were going, so much has, therefore, lieon restored to the 

invaded Lydia before the ruler of Babylon could world’s history by the energy, the intellect, and 

intonene. The result of the struggle lietween the keen scrutiny of modem explorers, archap- 

tyrus and the Lydian monarch seemed uncer- ologists, and scholars, most, if not all of them, 

tam in the hrst battle, but Cyrus, with the coming from seats of European education. It 

instinct of conquest, continued his movements was in its great days a centre of power, of 

so rapidly and so effectively that he completely intellect, and of art ; it is now but a memory 

defeated las opponent and captured his capital. and a fame. 


To be. continued 
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THE PRACTICAL TRAINING OF THE YOUNG FARMER 


I5y Professor James Lonu 


A GRICULTURE is the term which is applied 
** to the cultivation of the soil and the crops 
which grow upon it. 

Its successful practice depends upon know- 
ledge acquired by study, experience, and industry. 
In the long past no special form of instruction 
was provided for young men and women who 
were intended for a life on the land. The son 
learnt his business from the father and the men 
whom he employed, and by going to plough on the 
smaller holdings as soon as he became able, and 
taking his place as a labourer with a prospect of 
succession as tenant or owner. And so with the 
daughter, who learned from her mother the 
practice of milking, butter and eheesemaking, 
and poultry-rearing, in addition to those* varied 
household arts — baking, preserving, curing, and 
the like — which present her as such an agreeable 
contrast with her successors of to-day. 


The Products of the Soil. The education 
of our ancestors in relation to our great industry 
was, indeed, empirical. Science had not placed 
her finger upon the weak points which restrained 
the most progressive and far-seeing farmers, and 
it was not until it had extracted from Nature 
some of her most valued secrets that old theories 
and practices were exploded, and man was 
shown how beautifully and perfectly the Creator 
has provided for the production, through the 
medium of the soil, of all that man requires for 
his material comfort and support. 

While we depend upon the soil for all we need, 
whether it be food or clothing, for the construe* 


lion of our homes, for the maintenance of our 
warmth in w inter and protection against the heat, 
of the summer's sun, we also depend upon the 
rain and the atmosphere. Whatever may have 
l>een the origin of animals anti plants, we know 
that to-day the former depend upon the lurtter 
for their maintenance, and that in a large 
measure the latter defend upon the former. As 
lietwcen the two kingdoms Nature works in a 
cycle ; the* plant feeds the animal, which returns 
to the soil as manure what it does not utilise, 
this embracing a large proportion of those 
plant-feeding materials which have l>ecn ex- 
tracted from it, so that its fertility is in large part 
maintained. Where crops are grown and entirely 
removed —where, in fact, no such return is made, 
the soil gradually hut surely loses fertility, and^ 
in our modem system of nigh culture, where” 
the feeding of the soil is confined solely to a 
return of the dung which its crops have pro- 
duced, it is still, if less rapidly, impoverished, 
and really successful cropping becomes impos- 
sible. It is where the soil receives more than is 
removed from it — whether through manure 
produced by animals, whose rations have been 
enriched by foods, such as cakes and grain 
imported on to the farm/ or by the addition of 
what are known as chemical or artificial manures 
— that progress is made, and the crops are in- 
creased in weight and value. 

“ Intensive Culture.” It is practically 
this system of feeding the soil, combined with 
thorough working, which is known as “ in ten- 
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si vc culture.” What foods it is most desirable 
to purchase or to grow for the successful 
feeding of stock, and what manures it is most 
profitable to employ for the sustenance of par- 
ticular crops, it is for the farmer to ascertain, 
and, happily, at the commencement of the 
twentieth century he is able to learn gratuitously 
and from many sources precisely how to act in 
each case. H is ancestors possessed few of the 
advantages which are placed to-day at his dis- 
posal. Many of the most valufid concentrated 
food*, and those we chiefly import, were un- 
known, whereas the chemical fertiliser, which 
p ays such a masterly part in the agricultural 
system of all enlightened countries, like the 
principles upon which its employment is founded, 
was hut a dream, and that only in the case of 
a handful of prescient and enlightened men. 
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sugar, both of which, like the oil of plants 
which in the grain of linseed forms 37 per cent, 
of its total weight, are rich in carbon. Plants 
obtain their carbon from the atmosphere bv the 
absorption, in the presence of sunlijght, of car- 
bonic acid, which they decompose, liberating its 
oxygen in the process. Carbonic acid forms but 
a very small proportion of the atmosphere, which 
chiefly consists of nitrogen and oxygen, but that 
proportion is maintained by what is returned to 
it by the exhalation of animals as one of the 
products of their respiration. 

In the British Islands agriculture is practically 
confined to various forms of mixed culture. 
There are farms which entirely consist of grass, 
but in such cases, if success is to be achieved, the 
occupiers must either employ purchased foods 
for the more generous feeding of their stock, or 
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Tilt* property ot Mr. Robert Taylor, Pitlivie, Carnoustie, N.B. 


Wo depend upon the rain for a variety of 
reasons, and among them the following, which, 
perhaps, may be regarded as the most important. 
Water is essential to plants, inasmuch as it forms 
the largest portion of their composition, 14 per 
cent, in the ease of the wheat -grain to 90 per cent, 
in the turnip. It is, too, the medium by which 
the mineral matter of the soil is conveyed to the 
plant and appropriated in the formation of its 
structure. Without water tillage would be im- 
possible, and soed, if deposited, would be unable 
to germinate. 

The Atmosphere, The atmosphere is 
also as essential to plant as to animal life, 
although for different reasons. The feeding 
materials of plants which are in greatest 
abundance are those which are known as tbs 
carbohydrates, chiefly consisting of starch and 

22 


where stock are neither fed nor bred and the 
crops are sold — and this would be a practice as 
unwise as it is uncommon — they must purchase 
manure to a considerable extent, and at a cost 
which would not be commensurate with the 
results. 

The Rotation of Crops. Progressive 
farming, as it is now understood, entails what 
is known as the rotation of crops. It is true 
that by intensive culture and perfect clean- 
liness — by which we mean entire freedom from 
weeds — the same crops can in many cases be 
grown year after year upon the same soil, but 
owing to the inherent necessity for variety 
which is involved in the breeding and feeding 
of stock, the farmer finds it to nis advantage 
to grow crops of various kinds, and by their 
assistance, the one helping the other, to 
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maintain cleanliness 
and at the same 
time to husband and 
even impart fertility. 

Root cultivation 
and destruction of 
weeds, which pro- 
cesses are applied to 
the mangel and 
turnip, as well as 
the system of man- 
uring which is 
followed for their 
benefit, prepares the 
way for grain and 
pulse, forclovers and 
artificial grasses. In 
their turn the clovers 
and their legumin- 
ous allies, by the 
absorption of the 
nitrogen of the 
atmosphere, which 
takes place through 
the action of the 
bacteria which are found in the tiny nodules 
on their roots, enrich the soil with that element 
which is most of all essential to the prosperity 
of the cereals and of many other important 
plants. 

Systems of Farming. Our forefathers 
were aware that a clover crop was a good 
preparation for wheat and other grain crops, 
but they were unable to understand why it 
was possible to remove heavy crops of clover 


from the land, involving the loss of large quan- 
tities of plant food, and, therefore, apparently 
diminishing its fertility, and yet to obtain, what 
seemed contrary to Nature, larger crops of 
grain in succession than would otherwise have 
U*cn the east*. We now know that the chief 
element of fertility removed in clover, as in 
all similar plants, is nitrogen, os already 
suggested, hut that a large* proportion of the 
nitrogen ahsorlied still remains in the roots, which 

on dccom posing 
provide a suc- 
eeeding crop with 
a liberal supply. 

Farming in the 
British Islands is 
conducted on di- 
verse systems, all 
defending, apart 
from the inclina- 
tions of the cul- 
tivator, whe>, how- 
ever, is largely 
controlled by 
Nature, upon soil 
and climate. 
Nevertheless, wo 
may take one 
county — York- 
shire— as a type 
of England, for 
here we find sys- 
tems as opposite 
in character as 
sand is to clay — 
sheep-farming on 
the Wolds in the 
East Biding, 
grain and pulse 
m Holderness, 
potato culture in 
the Vale of York, 
dairy farming 
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and grating on the pastures of the West 
j Riding, and the production of cattle in the 
North. ' If we would ascertain the influence 
»of the ‘rainfall we have only to look to East 
Anglia, where in consequence of its small per- 
centage, cereals are chiefly grown, and to the 
western counties, whether Cumberland or 
Westmoreland, Devon or Somerset, where it 
t ii§ high, and where, as a result, pasture farming, 
the production of hay, and the grazing of stock 
is the dominant practice. 

Size* of Farina. In England, but for 
other reasons than those* of soil and climate, the 
size of the farms is larger than in any other old 
and highly-civilised agricultural country : for 
example, the average area of the English farm is 
about (13 acres; in other countries, chiefly 
owing to the fact that the land is much more* 
extensively owned by the jK*ople, the average 


Yhe Farmer 9 # Beginnings. It will b4 
r pparant that the young farmer should thoroughly 
understand the principles by which the cultiva- 
tion of the soil and the breeding and feeding of 
stock are governed. To imitate the practice of 
his father, valuable up to a certain point, is in- 
sufficient. He must learn, through knowledge of 
the influence of climate and of the soil in its 
various forms, how far he may take advantage 
of those crops and those classes of stock which 
have hitherto been strange to the land he occu- 
pies. This knowledge* is especially valuable in the 
selection of a farm as well as in its improvement 
He w ill nat u rally consider not only u hat has been 
accomplished by his predecessor, but how far 
that predecessor has failed for want of infor- 
mation. He will look for land to which the 
sun has constant access, to jKTfeet drainage, 
to a general and constant water-supply, to 
substantial and easily 
maintained hedges or 
fences, to good roads, 
to access to market 
and rail, to convenient, 
simple, easily main- 
tained and not too 
extensive buildings; to 
a healthy borne, pun* 
water for his consump- 
tion. and jK*ifeet sani- 
tation. He will take 
care to learn not only 
bow to buy stock foods 
and manures to the 
greatest advantage, hut 
what and bow to sup- 
ply them to the stock 
and crops on his 
farm. 

Science and 
Practice. Tin* im- 
provement of a farm, 
whether it Ik* naturally 
C? poor, or poor as the 
result of carelessness or 
bad workmanship, de- 
)K*nds as much upon 
the know ledge, w hich is 
the result of latter-day investigation, as upon the 
practical experience of the cultivator. An im- 
proved farm returns larger crops and feeds more 
cattle than hitherto, and, therefore, it should 
produce a larger profit. Improvement, however, 
does not depend solely upon the cleaning of the 
land, the destruction of weeds, and liberal and 
judicious manuring, but also upon the deepening 
of the tilth by the plough, where, it may lie for 
generations, it has never j>enetrated beyond a 
given depth, and that a superficial one ; upon 
the variations of the crops by the introduc- 
tion of those plants which under modem or 
advanced culture are now grown with success, 
and upon the feeding of a larger head of im- 
proved stock. 

Average Yield of Crops. Again, the 
young farmer should make himself acquainted, 
not only with the average yield of each crop 
grown in this country, and especially of those 



t'NIVKRSAL AOBIITLTTRAL MOTOR AT WORK: 

ATTACHED TO A SELF-BINDER. 

size of each holding is much smaller. In 
France the average area is 15J ; in Germany 
7fl per cent, of the farms an* under 12.1 acres 
in Belgium 715.000 farmers each occupy less 
than 10 acres, while in Denmark 101,000 farms 
“ nd / r - r> ftm ‘ 8 extent. In Holland 
dl.000 farms out of 100.000 are under 124 
acres, while 143.000 art* under 50 acres. The 
larger the area the larger the capital essential 
for the purpose of stocking and equipment ; 
thus, while the English farmer chiefly em- 
ploys his capital in the provision of live and 
dead stock, the Continental farmer employs 
it in land, and for this reason he is the chief 
factor or backbone of his particular country. 

Capital is essential for the successful cultiva- 
tion of land. There is no system which is 
so advantageous as that under which stock 
anc^crops are made interdependent upon each 
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THE ARRANGEMENT OF A SMALL FARM OR A SMALL HOLDING 


A decisive factor in farming is the arrangement and main- 
tenance of outbuildings. The chief design on this page has 
been carefully worked out to meet, at the smallest possible 
cost, all the requirements of a farm of from 80 to 120 acres ; and 
the smaller plans are for a small holding of from 80 to 00 acres. 

The plan for the farm provides for stalls for 24 cows in the 
east wing ; calves, pigs, and boxes occupying the west, with 
a convenient covered yard between the two. On the north 
side are stables, sheds and stores, with chambers over. 


Fig. 8 shows designs well adapted to a small holding of 
from 80 to 00 acres, with milk production as Its staple 
business, and 9 is a plan for a similar holding on which 
milk production and cattle-raising are combined. 

These plans, ttased on the experience of 40 years of farm 
life, are by Mr. Samuel Taylor, Government Medallist in the 
Science and Practice of Agriculture, who has been awarded 
the Medal of Merit of the British Dairy Farmers’ Association 
for the design of farm homesteads. 
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adapted to his own holding, but be should learn 
what is the possible yield of each under high 
cultivation. A study of a question like this may 
provide an incentive which may prove most 
serviceable. He may be inspired with a desire 
to emulate those who have succeeded far beyond 
their fellows, and who shall say that he may not 
eaual their performances ? The average yield of 
0 wheat, less than 4 quarters — or nearly 32 bushels 
— to the acre, and of oats, 39 bushels, is easily 
excelled on suitable soils — and this must always 
be an essential qualification — by the farmer who 
is thoroughly proficient, and whether we take the 
potato or the mangel crop, grass or clover, or, 
indeed, any plant or plants which are common to 
the farm, we shall find that the same argument 
applies. The average man obtains an average 
return ; the tenant who has mistaken his voca- 
tion, and who was better adapted for some other 
. form of industry, makes little or no praiseworthy 
Attempt to exoel whatever. 

Training. How then should the young men 
who are the prospective fanners of the future be 
trained for prosperous life work ? There are many 
who believe that a course of study at an Agricub 
tural College is sufficient. There are others who 
regard it as imperative that they should take an 
active part in the practical work of the farm w hich 
is occupied by their fathers, and that nothing 
further is noedtxi. Others, again, recommend a 
form of practical pupilage on the farm of a 
highly-skilled agriculturist. In neither case are 
these proposals sufficient for the purpose. Of 
the two we should prefer the man who had passed 
through a practical course of work on a farm 
rather than the student whose boIc acquaintance 
with farming had been gained at an Agricultural 
College. Farmers have succeeded in the past, 
and w ill succeed in the future, without the advan- 
tage of scientific knowledge*, although in many 
cases their observat ions possessed a scientific basis. 

An acquaintance with the theory of agricul- 
ture and with those sciences upon which its 
principles are baHed is not sufficient to enable a 
man to conduct a farm with success. It must 
lx* remembered that successful farming involves 
the management of men, a fx»rsonal acquain- 
tance with the soil and power to judge of its 
condition under varying circumstances, a recog- 
nition of the character and quality of plants for 
the very necessary purposes of sowing and 
growing in suitable soils and climates, of harvest- 
ing at the right moment, and of selling to the 
host advantage. A farmer should be able to 
deal advantageously with his fellow-men, lx* he 
com -merchant or butcher , stwh-dealcr or malt- 
ster ; indotnl, in a hundred ways he needs a form 
of practical training which is only possible on 
the farm, in the market, or on the corn exchange. 

Scientific Education. A course of pre- 
paration for a farming career should include 
scientific as well as practical education in its 
various aspects. A lad who goes straight from 
sohool to an Agricultural College is not prepared 

To be ec 


for the work of which it is intended he should 
obtain a grip. He will be taught facts relating 
to soil, crops, and animals, of which, in all pro- 
Ixibility, he knows little or nothing : and at the 
close of his academic career he may be crammed 
with a form of knowledge valuable under other 
conditions, but which he is unable to apply in his 
daily life. 

Far different is it with the hid of slightly more 
advanced years, who has spent two or three 
seasons upon the land, and taken part in all the 
varied forms of labour which its cultivation and 
the management of stock involves. He has 
reached a period of life when his receptive powers 
are active, and he rapidly learns to manage the 
implements and machines which are employed 
and the horses which draw them. He fully 
acquaints himself with the habits of livestock 
in all their varieties ; with their requirements 
and with the methods of feeding which are 
employed. He obtains many hints from the 
workmen, with whose habits he becomes inti- 
mate. He enjoys attending the markets and 
fairs, the com exchange, and the auction, and he 
gradually acquires a fund of information which 
is impossible under any form of scholastic train- 
ing. Such a lad is in a position to take advantage 
of a course of instruction at an Agricultural 
College, and a couple of years, so far from being 
wasted, will, unless he is a dullard and utterly 
unwilling to work, he followed by a fairly com- 
prehensive grasp in successful practice on the 
farm, of those scientific facts which explain the 
“ reason why,” and of those principles which 
once understood provide a foundation for a 
successful future. 

Scientific knowledge, however, not only 
explains why certain practices are followed and 
results obtained, but it suggests ; and under 
almost all circumstances it enables a thinking 
man who is at the same time a good practitioner 
to vary or to modify any part of his system, 
which is not precisely as prosperous as it might 
lx\ for the reason that he knows the cause and is 
in a position to suggest a remedy. 

The Farm as a School. We do not for 

one moment despise the teaching which a 
fanner’s son receives under his father’s eye. 
It is well that he should begin his career at 
home, and learn the elements of practice and 
the necessity for a personal acquaintance with 
every form of farm labour before he commences 
his college course, which is in these days an 
almost imperative necessity. 

That course completed, ne may most ad van 
tageouslv sjtend six to twelve months upon each 
of two farms in different parts of the country 
w here the work is of the highest class, where the 
soil and the climate differ, and where the crops 
and stock enable him to learn facts and to acquire 
a knowledge of practices which he has been 
unable to learn elsewhere, but which will pro- 
vide him with a larger fund of information, and 
thus mat e him to become less dependent upon 
local customs and conditions, climate and soil. 


96 



BIOLOGY. EVOLUTION. HEREDITY. PSYCHOLOGY 


A SYSTEMATIC ACCOUNT OF BIOLOGY. ZOOLOGY, EVOLUTION, AND HEREDITY 

WITH A DESCRIPTION OP 

TH* QRKAT PROBLEMS OP THE EVOLUTION OP BODY AND MIND 

AND A BRIEF CONSIDERATION OF THE 

Beginnings of Life Life's Varying Conditions Anthropology and Ethnology 

Theories of its Origin Fishes, Birds, Plants The Theories of Evolution 

Spontaneous Generation Animals, Mammals, Reptiles The Laws of Heredity 

LEADING UP TO A STUDY OF 

THE MYSTERIES OP PSYCHOLOGY AND THE REMARKABLE RESULTS OP PSYCHIOAL RESEARCH 

AND CONSTITUTING 

A GENERAL SURVEY OP THE DEVELOPMENT OP THE INDIVIDUAL AND THE RAOS 

BY 

GERALD R LEIGHTON, M.D., Fellow of the Royal Society of Edinburgh ; Interim 
Professor of Pathology sad Bacteriology at the Royal Veterinary College, Edinburgh 

CALEB WILLIAMS SALEEBY, Physician and Author, M.D. of Edinburgh University 
HAROLD BEGBIE, Author, Poet, and Journalist ; Member of the Society of Psychical Research 


THE BEGINNINGS OF LIFE AND THE STUDY OF BIOLOGY 

By Db. Gerald Leighton 


THE cultured man who sets out to learn what 

1 is known concerning the Science of Life is 
entering upon a subject whose scope is unlimited, 
because the subject is the largest in the world. 
If it be true that the proper study for mankind 
is Man, it follows that the investigation of the 
methods and principles by the operation of 
which Man has become the creature he is will 
embrace the most fascinating topics open to his 
research. 

The very vastness of the subject is, however, 
a disadvantage. The serious student of Biology 
finds that the devotion of a life-time is hardly 
sufficient for him to familiarise himself with all 
that is to be learnt about one single branch of 
the subject. The great mass of this knowledge 
has been accumulated since the epoch-making 
work of Charles Darwin, whose observations and 
deductions opened up the way to fields of work 
and thought previously undreamed of. It is 
but the bare truth, indeed, to say that modern 
biological science dates from the publication of 
the “ Origin of Species.” 

The Vastnesa of the Science. The 

inevitable result of this rapid accumulation 
of facts concerning the science of life was that 
it very soon became necessary for students 
to take up special branches of biology to the 
neglect of other branches, and at the present 
day any one of the various branches of the 
science provides material for a life’s work. It is 
possible, indeed it is usual, for the expert in 
plant life to be quite ignorant of all that concerns 
the life of, say, a fish. 

It cannot be otherwise. The biologist of 
to-day, if he is to add anything to the sum of 
human knowledge, must specialise ; he must 
confine his studies to the life-history of a few 


types of life, or even to a single family or sj>eeies* 
But, in order that he may do this to the host 
advantage, it is first of all very necessary that 
he should have a clear cone ption of all the 
great principles which govern the life of any kind 
of living organism. The danger of social isat ion 
is that these great principles arc apt to he lost 
Hight of in a mass of minute detail, 1 1 is difficult 
to see all the facts of life in their true proportion 
when the mind's eye is constantly focussed upon 
a special point. 

Phenomenon of Life. Now, as far as the 

man of culture is concerned, these minute details 
are of no importance: they do not help him to 
understand the problems of life, nor do they 
throw any light upon the ages that are gone. In 
order that they may lx* of any use to him these 
details require to be generalised, taken out of 
their special compartment of scientific knowledge 
and put in their place along with other facts of 
a similar kind, the whole sum of which point 
to the existence of a universal or general law. 
When, after years of specialised lalwmr, suffi- 
cient data have been accumulated upon which 
it is safe to deduce general laws or principles, 
then and then only i« it time for a science to be 
included in any general scheme of education. 

The Science r of Life— Biology —has reached 
that stage. It is no longer possible for any man 
to claim to be considered educated or cultured 
if he remains in ignorance of the great Laws of 
Biology. Without being either a botanist or a 
zoologist it is open to every man nowadays to 
learn much of how the world of living creatures 
has become what he sees it to be. It is not only 
possible ; it is essential. There is no other way in 
which we can see the true proportion of things, 
there is no other way to “ see Life whole.” 
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Our object here is, therefore, to endeavour to 
gain a broad and comprehensive view of the 
rao.*t marvellous phenomenon of which we have 
any knowledge — the phenomenon of Life. And 
since, of all forms of life, that which is of supreme 
interest to man in his own life, we shall try to 
trace the means whereby a creature has been 
produced capable of undertaking the task of 
t investigating himself. In order to do this, it 
will be necessary to go back to the simplest 
forms of life that are known, to see how they live 
and move and have their being, to study the 
various aspects of their life, to see how it became 
more complex according to changing surround- 
ings, to explain why some things survived while 
others perished, and to discover how the sur- 
vivors transmitted their priceless advantages to 
succeeding generations. 

Life In Its Simplest Forms. The im- 
portant point to note at the outset is that, just 
m the simplest forms of life are single oells 
which perform all the functions necessary to 
life before any specialisation of function appears, 
so in the study of these phenomena must the 
student begin with what is general before at- 
tempting to study the special. Our attempt, 
then, is to trace life from its simplest forms, 
through its branchings and modes of transmis- 
sion, to its highest development as manifested 
in the flight of a bird, the speed of a racehorse, 
the character and mind of Man. 

Naturo yields up her secrets unwillingly, and 
the secret of the nature of life has been inscru- 
tably kept. We do not know what Life is. But 
we know what is meant by saying that an or- 
ganism is living, and that definition is as far as 
we can go. We mean by Life that state of an 
animal, or plant, in which its organs are capable 
of performing their functions, or in which the 
performance of those functions has not per- 
manently ceased. What we mean by Life is a 
scries of definite and successive changes, both of 
structure and composition, which take place 
within an individual without destroying its iden- 
tity. That is what we. mean. Of the actual 
naturo or essence of those changes we remain 
ignorant. No plausible or reasonable explana- 
tion lias ever l>een nut forward to account for 
the phenomenon of Life entering into non- 
living matter. We are utterly ignorant of how 
Life came to be. 


Things that Cannot be Proved. Let 

it lie carefully noted that we are speaking 
now of knowledge, not of beliefs. That is a 
distinction to lie constantly kept in mind in 
dealing with science. It is one thing to belicix 
that a certain fact occurred, or that a certain 
process took place ; it is quite a different thing to 
know it. One may believe many things, and they 
may be perfectly true, without ita being possible 
to prove their truth. The mental attitude in 
relation to such matters will be found to be 
m ai nl y a matter of individual tern 


fflMwn wmrai oannot ne definitely proved one 
"lopt the attitude of beliif, toother 
wjU be inclined to deny, whilst » cations thir d 
Will be content with ssssrMnfl his ignoranoe. The 
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one should have no cause of quarrel with the 
other. An unproved and improvable dogmatic 
statement is helpful to some types of minds ; 
it is a positive hindrance to others. 

“ How 7 " To many minds the question 
“ How ? M is non-existent. It does not present 
itself to them as a difficulty to be solved before 
they can believe. They have simple Faith. But 
one of the results of tlie evolution of the higher 
mental character of man has l»een to produce a 
speculative type of mind. Such a mind is 
not content with a bare dogmatic statement. 
“ How ? '* is to it the one supremely interesting 
question. It seeks to account for processes 
by formulating theories based on facts. So 
long as the distinction between the attitude of 
belief and that of knowledge is kept clear, there 
is no cause, let us repeat, for quarrel between 
the two. 

It is to the ever-growing spirit of research and 
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curiosity that all 
is due, and so muc 


s of scientific thought 
has been thrown upon 


0 is aue, ana so muen light has been thrown upon 
j, the problems of life in the last fifty years mat 
e much which to our fathers was obscure is now 
;- becoming clear. But as regards the Origin of 

Life we are still without an explanation, 
i, The reason is that this phenomenon stands 
i- alone. There is nothing else quite like it, or with 

1 which it can be compared. A hard and fast line 
i, seems to mark off the living from the non-living ; 

there is no sign of the process by which the gulf 
1 could have been bridged in the first place. It is 
true that a theory known as that of Spontaneous 
t Generation has been advanced to account for 
the origin of life, but it merely asserts that 
s living matter arose from non-living, without 
l explaining how. Spontaneous generation asserts 
5 the possibility of producing a living organism 
* without the necessity of a pre-existing parent. 

i The Origin of Life. In the seventeenth 
l century this was the prevailing view amongst 
, naturalists and men of science, and it was 
sanctioned by antiquity. Its first assailant wan 
[ • an Italian philosopher. Needham and 

k Buffon, both of whom have been commonly 
regarded as supporters of the hypothesis, held 
it in a modified way. “ They held that life is 
the indefeasible property of certain indestruct- 
ible molecules of matter which exist in all 
living things, and have inherent activities by 
which they are distinguished from non-living 
matter ; each individual living organism being 
formed by their temporary combination , and they 
standing to it in the relation of the particles of 
water to a cascade or a whirlpool, or to a mould, 
into which the water is poured . ” 

The doctrine of spontaneous generation is now 
held, oddly enough, by extreme evolutionists, 
under the name of Abiogeneeis . A belief in 

&t some period 

in the history of the universe there musthave 
bssn • tune and a prooess which resulted in the 
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protoplasm. It further involves the belief that 
th* was a natural prooess and not the mult 
« “supernatural” or “ miraculous ” mt*. 
zartnoe. Biogenesis, on the other 1* ^ as 
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maintained by Redi, is the belief that living 
organisms can spring only from pre-existing 
living parents. During the last half-century the 
belief in spontaneous generation largely lapsed, 
mainly on account of the work of Tyndall, 
Pasteur, and others. The present attitude of 
science in regard to this theory may be 
described as a reserved scepticism, the agnostic 
view, which does not deny the possibility of 
spontaneous generation or abiogenesis in some 
other and remote period of the world’s history, 
but, reasoning from the failure of all experiments 
in that direction, is inclined to think that life now 
is produced only from life. 

An Important Fact. The important fact 
for us to realise here is that living cells have the 
power of converting non-living matter into 
living protoplasm. “ The simple constituents 
of the food are converted step by step into the 
limng substance of the plant by the agency of that 
substance itself” 

Passing now from all speculation as to the 
origin of life, let us turn to the facts as they may 
be seen and studied in plants and animals, 
limiting ourselves to the description of a few 
of the principal types of animals, a knowledge 
of whose general plan of structure and mode 
of life every educated man should possess. 
For the rest, our object is to bring before 
the reader the great biological laws which have 
produced these creatures, and to endeavour 
to ascertain in what directions these laws are 
operating now. We shall begin with the higher 
forms and end with the lower, because most 
people know something of the anatomy and 
physiology of man, and also because those 
subjects are fully treated in Physiology. It 
will be presumed in what follows that the reader 
has made himself familiar, through other sections 
of this work, with the structure and functions of 
Man. 

The Groups of Animals. The first 
scientific attempt to arrange animals in groups 
according to types was that of Aristotle 
(384-322 B.c.), who clearly recognised the fact 
that the whole animal kingdom represents a 
gradual transition from lower to higher forms. 
He also recognised that structure must be taken 
as the basis of classification. He therefore 
divided animals into two great groups, which 
correspond exactly with the modem division 
into Vertebrates and Invertebrates. 

The great object of systematic classification 
is accuracy of description and convenience of 
reference. It is simply a means to an end. 
It is arrived at by noting likenesses and differ- 
ences i. In this way the whole realm of animate 
life is divided into the two great groups of 
Plants and Animals. The broad distinctions 
between these two are plain enough, but it is 
sometimes difficult, or even impossible, to say 
whether a given organism is to be regarded as a 
plant or an animal, or neither. 

Taking first the Vertebrates, or back -boned 
animals, we find that there are five well-defined 
groups, viz.. Mammals, Birds, Reptiles, Amphi- 
bians, and Fishes. 


Essential Characters of Vertebrates. 

The description in Physiology of the struc- 
ture and functions of Man gives an idea of 
the principal characteristics of the whole group, 
but we may summarise the essential characters 
of Vertebrates here. All possess a vertebral 
column or back- hone, from which the group 
takes its name. The body is bilaterally sym- 
metrical always in the young animal, and gene- 
rally in the aAult. There is no obvious external 
division of the IkkIv into segments, but the 
internal structure indicates such a division. A 
longitudinal section through the body (such as 
may be seen in the carcase of a sheep in a 
butcher's shop) shows that it is made up of two 
tubes. One tube is dorsal, the other ventral. 
The dorsal tube consists of a narrow canal in the 
back- bone, which encloses the spinal cord, and 
this widens out into the larger cavity of the skull 
in which lies the brain. The ventral tube forms 
the cavity of the chest and abdomen, and con- 
tains the organs of those parts. Most verte- 
brates have limbs, and these are never more in 
number than two pairs. Of all these characters 
one of the most obvious and important is the 
enclosure of the nervous system in its own 
bony tube, separated from the rest of the body. 

This double tube arrangement is a primary 
distinction between Vertebrates and Inverte- 
brates, because in the latter, in all adults without 
exception, the body may be regarded as a single 
tube, which encloses all the viscera, and the 
nervous system is enclosed within the general 
body cavity, and is not in any way shut off. 
The contrast is well brought out by our diagram 
of a transverse seel ion of a vertebrate and an 
invertebrate [2]. 

There is one other structure* to which reference 
must lie made in this connection. Between 
these two tubes, running along the axis of 
the trunk, is the back-bone— shown in the 
longitudinal section [1|. In the very lowest 
vertebrates, and in the embryos of higher verte- 
brates, there is in this position a structure 
termed the notochord. This is present in every 
vertebrate emJjryo, and represents the foundation 
of the spinal column or back-bone. 

A Visible Transformation. We may 
note, further, that in all vertebrates, at some 
stage of their development, are some openings 
or slits at the side of the throat, forming a 
passage from the exterior to the pharynx. 
In terrestrial mammals, reptiles, and birds these 
slits are present in the embryo only, and art* 
functionless, merely indicating that the an- 
cestors of these creatures once had need of 
them. In fish they persist as the gill -slits. In 
the development of an amphibian , such as the 
frog, the transformation from the stage possessing 
gill-slits like a fish into a terrestrial animal 
breathing by lungs, can be actually seen. 

It is hardly necessary to add that all verte- 
brates have a blood circulation through tubes, the 
propelling power being the heart ; that the chief 
part of the nervous system is the brain, which is 
continuous with the spinal cord, and from both 
of which the nerves arise ; and that the organs of 
sensation are in reality outgrowths of tho brain. 
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Mammtli and Bird#. We may now in- 
dicate the predominating characteristics of the 
five great group of vertebrates, noting only 
those points which mark them off from each 
other. The highest of these groups is that of 
the Quadrupeds, or Mammals, amongst which is 
man himself. Two striking charac- 
ters at once call for notice — namely 
(1), the ponossion of hair, and (2) 

4 the presence of milk glands, by means 
of which the young are nourished 
for a longer or shorter period after 
birth. These two points are alone 
sufficient to separate the mammals 
from other vertebrates. Moreover, 
with the single exception of the lowly 
Monotremes of Australasia, all mam- 
mals bring forth their young alive, 
and do not lay eggs. In all mammals, 
too, the blood is warm; they are 
whet are termed 14 warm • blooded 
vertebrates,” in contradistinction to 
the fish and amphibians, in which the 
blood is cold. 

Turning from the mammals to the 
familiar group of Birds, we recognise 
at once that the outer covering is not 
hair, but leathers, the growth of which 
laigely determines the shape of the 
bira in nature, as will be realised if 
a plucked bird is compared with one 
with the feathers still on The fore 
limbs take the form of wings, this 
being only one of the many adaptations for 
an aerial lifo presented by birds. The blood 
is considerably hotter than that of mammals, 
being on an average 103°F., compared with about 
98°F. in mammals. All birds are egg-layers or 
oviparous ; in no case are the young brought 
forth alive. ” Oviparous vertebrates with a 
covering of feathers, ” sums up their charac- 
teristic features. 

Reptiles. Both 
the groups just de- 
scribed — mammals 
and birds — have 
been termed warm or 
hot • blooded, which 
means that they 
possess not merely 
warm blood, but 
blood whose tem- 
perature is main- 
tained at a fairly 
constant level, irre- 
spective of external 
conditions. Asso- 
ciated with this 
state of the blood is 
the necessity of 
elaborate arrange- 
ments for breath iig, and along with this warm 
blood is found the greatest physical activity 
and tho highest degree of intelligence. In 
striking contrast with these two high verte- 
brate group ar^ the Reptiles, in which the 
blood is cold— that is to say, the temperature 
of reptile blood is approximately that of the 
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i LONGITUDINAL 
SECTION OF VER- 
TEBRATE TRUNK. 

S. Spinal cord. 

R. Backbone. 

T. Thorax. 

D. Diaphragm. 

A. Abdomen. 


surrounding medium, whether that be air or 
water. It is, therefore, warmer in hot weather 
than in cold. Broidly speaking, the result of 
this is sluggishness of movement and a low 
degree of intelligence. The external covering 
is entirely different from that of either mam* 
“ mals or birds. It usually takes the 
form of hard horny scales, as in 
snakes and lizards, whilst in some 
forms, as the turtles, large portions 
of the skin are ossified into plates. 
The breathing apparatus, as might 
be expected from the cold condition 
of the blood, is much simpler than 
in birds or mammals, and the reptile 
breathes by its lungs alone through- 
out life. Most reptiles are egg-layers, 
but some carry the young until fully 
developed, when they rupture the 
egg-membrane and are bom ovo-vivi- 
parously. 

Amphibians and Fish. ‘ The 

fourth group of vertebrates — the Am- 
phibians— are often confused in the 
popular mind with the reptiles, but 
they are more nearly related to fish, 
as the reptiles are closer allies of 
birds. The important points of dis- 
tinction are, therefore, those in which 
they differ from fish. In Amphibians, 
such as frogs, toads, and salamanders, 
true lungs are always present in the 
adults, while in the early stage of 
growth there are filaments which are adapted 
for breathing the air dissolved in the water 
in which the young amphibian is developing. 
Moreover, the* limbs of amphibians are never 
converted into fins, and the external covering is 
soft, moist, and glandular, unlike that of either 
reptiles or fish. There are other minor points of 
difference which need not be noted here. Unlike 
mammals and birds, but in common with reptiles 
and fish, the blood of 
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amphibians is cold. 

Lastly, among the 
tvue vertebrates, we 
have the Fish, which 
are always provided 
with gills throughout 
the whole of life. 
The blood is cold, 
and the limbs, when 
present, are but im- 
perfectly developed, 
taking the form of 
broad expansions of 
the skin, called fins 
The body is usually 
coated with a cover- 
ing of scales. The 
shape of the body 
is adapted for rapid progression through the 
water, so that there is no obvious line be- 
tween the head and the body, or the body 
and the tail. 

It will be convenient for reference if the main 
points in these five groups be summarised in a 
table. 


Sol tel Nerve Cord 

B. 


CROS8-8ECTION8 THROUGH A VERTEBRATE (a) AND 
A HIGHER INVERTEBRATE ( Jt ). 



Some Distinguishing Vertebrate Characters. 


Group. 

; External Covering. 

1 Blood. 

Breathing. 

Mammals 

! Ilitir .... 

t ... 

, Marm 

Lungs. 

Birds . ■ 

! Feathers. . . 

1 Hot 

Lungs. 

Reptiles . 

. ! Scales or Plates 

, ' Cold 

Lungs. 

Amphibians 

: Soft and moht. 

! Cold 

Gills first, 


i 


then Lungs 

Fish . . 

Scales . . . 

1 

cold 

Gills alone 


The Vertebrate Border Line. There 
has been no difficulty so far in selecting points 
of likeness ar*i difference between animals 
which enable us to put them into certain well- 
defined groups. But when we leave the true 
vertebrates, or animals with back-bones, we 
come to creatures which seem to be on the 
Vertebrate Border Line. Until comparatively 
recent times they were regarded as Inverte- 
brates, because in them there was not a true 
back-bone. But, as was pointed out when 
describing the essentials of a Vertebrate, this 
structure is preceded by what is termed the 
notochord, the firm rod which runs longi- 
tudinally below the spinal cord. It was also 
stated that vertebrate embryos exhibit at one 
stage the presenoe of slits in the pharynx ; and, 
thirdly, tnat typical Vertebrates possessed a 
nervous system above the notochord, which was 
in the form of a tube. Now, if these three great 
characters be taken as the test, it is found that 
certain very primitive forms have some claims to 
rank as vertebrates One of those is the small 
fish-like creature known as a Lancelot ; another 
is the curious Sea-squirt ; and there is a third 
group represented by a w^rm-like animal, called 
Balanoglossz'.s. 

In the case of the Lancelot, there is a wcll- 
developed notochord present ; no gill-slits are 
to be seen outside, but are found on dissection 
within, and above the notochord there is a tubu- 
lar nerve cord. So that this curious little 
creature — it varies from ljin. to 3in. or so in 
length — conforms to the three standard tests of 
a vertebrate. It is, at any rate, on the border 
line ; it is almost a true vertebrate. 

The Wonderful Sea-Squirt. In the 

second form — the Sea-squirt — only one of these 
three characters is obvious — namely, the per- 
foration of the pharynx for breathing pur- 
poses. But if the development l>e studied, 
additional evidence is forthcoming in the shape 
of a notochord in the tail region Moreover, 
the young sea-squirt possesses a hollow brain 
and spinal cord. As the creature grows older, 
after swimming about freely as a sort of tadpole, 
it changes its mode of life and becomes sedentary, 
attaching itself to some rock or other object. 
Then some remarkable changes follow. The tail , 
with its portion of notochord, gets smaller and 
smaller and finally vanishes, and the nervous 
system, which was hollow*, is altered into a solid 
mass, or ganglion. “ Wc have, therefore,” says 
Professor Ainsworth Davi3, “ the remarkable 
phenomenon of an animal which, when young, 

To be cl 
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possesses the distinctive vertebrate characters, 
but loses most of them in the adult condition, 
becoming, bo to speak, of lower grade. This is a 
good example of biological degeneration.” It 
show's, also, that it is necessary to study the 
whole life-historv of an animal before it can he 
thoroughly understood. 

The third form which we have referred to ns 
on the vertebrate border-line is a vorm-like 
creature without a popular name, technically 
called Balanoglossus, found widely distributed 
in the world, dwelling in mud or sand, dill-slits 
are found on the upper side of the trunk, a small 
notochord projects into the proboscis, and what 
represents the nervous system in this creature is 
a more or less hollow tube in the region of the 
collar. So that here again is the indication of 
the vertebrate border-line. 

Creatures without Backbone*. We 

have now sketched in outline the chief features 
of the Vertebrate animals, and it remains 
to indicate some of the features of the remaining 
mass of animals, all of which come under the 
general heading of Invertebrates. 

This enormous collection of creatures without 
back-bones is divided into a great number of 
separate groups, each group on the same footing 
as the Vertebrates. These many divisions are 
matters for the systematic zoologist ; all that 
is required here is to draw attention to the great 
diversity of form included in the Invertebrate 
group. They differ among themselves far more 
widely than do the vertebrate sections ; indeed, 
there is very little in common between one of 
the lowly invertebrates and one of the higher, 
except the common absence of anything in the 
shajK 4 of a back -hone. 

Let us take in imagination one of the higher 
invertebrate forms -a lobster, for example — 
and look at the great distinctions between 
such a creature and one of the lower verte- 
brates, such as a iish. A careful analyst 
will establish the presence of the following 
characters : 

1. A protective hard external covering, but 
no internal skeleton corresponding to a skull or 
back-bone. 

2. The body is composed of a single tul e, not 
a double one. 

3. The Fides of the pharynx are not perforated 
by gill-slits. 

4. The central part of the circulation, the 
heart, is dorsal in: tend of ventral as in a verte- 
brate. 

Si. The nervous syste m is composed of a ring 
round the gullet, continued backwards as a 
ventral nerve-cord. 

Wc have already said that this great division 
of the animal world , the Invertebrates, includes 
a number of widely-differing groups, some of 
which are small in the number of their species, 
w hile others include myriads of creatures. They 
will be found dealt with in an .tber part of this 
work free Natural History], 
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A SHORT DICTIONARY OF TERMS IN BIOLOGY 


ABOOMIN- In vertebrates, the hinder 
part of the trank, containing the prin- 
cipal organ* of digestion and excretion, 

Abtoganeftls- Spontaneous generation, 
or the production of living >*eingt with- 
out pre-existent life. 

Accretion— The process by which in- 
organic bodies grow larger. 

Adaptation —The adjustment of Ani- 
mals or plants to surroundings 

Albinism— Whiteness or paleness. 

Albumen— Tile complex substance of 
which the white of egg is composed 

Ambergris -A concretion formed in 
the intestine of the sperm -wliale. 

Amceba— A unicellular unitnal which 
changes its shape. 

AmcebOld— Like an ain/eha, changing 
in form. 

Amphibia— One of the five Hasses of 
vcrtelirates. 

Anabolism -The chemical processes 
which build up the tissues 

Analogous- Having tin* same function. 

Anatomy- The study of structure. 

Antenna— A feeler of all Insect. 

Anterior- Towards the front of the 
body. 

Anthropoid -Man like. 

Aorta— The great artery /if tin* Wly, 

Artificial selection I'he production 
of breeds by human Agency. 

Asexual- -Reproduction in which sexes 
are not concerned. 

Atlas — The name of Hie first vertebra 
In the neck. 

Auricle— Ono of the cavities of the 
heart. 

A VOS- The class of Minis. 

Axil— The second vertebra of the neck. 

BILATERAL symmetry — Having 
right and left sides alike 

Biology -The science of Life and living 
things. 

Blubber ~A thick layer of fat under the 
skin. 

Body cavity- The space within the 
body- wall. 

Brachial— pertaining to the arms. 

Branchial - I’ertalning to the gills. 

Bronchus A branch of the wind pita*. 

Bud —An outgrowth which I income* an 
individual animal. 

OALOAREOUE Pertaining to lime. 

Canine— lkig‘ like, applied to certain 
teeth. 

Carnivorous Flesh eating. 

Carpus The wrist, the sum II hones In* 
tween the forearm and hand. 
Cartilage Gristle. 

Caudal— Pert ainiiig to the tail. 

Cell -The unit of struct urn, a nucleated 
mass of protoplasm. 

Cephalic— Pertaining to the head. 

Cerebellum- The small or hinder hrain. 
Cerebral hemispheres The highest 
part of the vert chi ate brain. 

Cervical - Pertaining to the neck. 

Chlorophyll -Green colouring matter 
of plants. 

Choroid— The pigmented middle coat 
of the eye. 

Cilia— Hair-like minute filaments pro- 
jecting from the surface. 

CUtary action -The movement of cilia. 

Clavicle— The collar-lame. 

Cloaca— The cavity into which the 
excretory organs open, as in a frog. 

Commensalism- The association of 
two organisms to the advantage of one 
or loth. 

Conjugation— The fusion of two in- 
dividuals for reproductive pnrjioae*. 

Crop — A part or the gullet for tem- 
porary food-storing. 

Cross-fertilisation — Fertilisation of 
an egg by a sperm from another 
organism. 

CroiS-polllnatlon-~ Transferring pollen 
from the stamen of one flower to the 
stigma of another. 


Cytode- A simple portion of protoplasm 
without a nucleus. 

DEGENERATION— The process by 
which organisms became parasites or 
fixed. 

Development— A scries of changes in 
the early life of an animal during 
which it passes from the state of a 
single fertilised cell to the adult con- 
dition. 

Dlgitlgrade- Walking upon the digits. 

DJftal— The end of a limb or extremity 
furthest from the trunk. 

Dorsal— Pertaining to the region of 
the liAck. 

ECTODERM -Outer cellular layer of 
the organism. 

Embryo -The young animal during de- 
velopment within the egg or womb. 

Embryology- -Science of development 

Endoderm-The inner cellular layer of 
an organism. 

Endoskeleton— Internal hard support- 
ing structures, as lames. 

Epigenesis -Gradual development from 
the simple to the complex. 

Exoskeleton -External hard support- 
ing structures. 

FEMUR -The thlgh-lsme. 

Fertilisation The fusion of two masses 
of germ-plasm 

Fission — Reproduction hy splitting of 
the parent cell. 

Fossils- -The remains of organisms or 
their traces in rock. 

GAMETE- An unfertilised germ cell. 

Gemmation Reproduction hy hud- 
ding. 

Genus -A group including one or more 
species. 

Gill - An orgnn for breathing the air 
cold allied in w ater 

Gizzard A part <<f the digestive tube 
in which food is broken up. 

HERBIVOROUS^ Fating plants. 

Hermaphrodite Having the two sexes 
united in one individual. 

Hibernation Passing into a torpid 
condition, as in reptiles 

Histology Science of minute structure. 

Homologous - Hating a similar origin ; 
constructed on a similar plan. 

Host The organise I which carries n 
parasite. 

Hybrid- An individual produced by 
crossing two species. 

IMAGO -Tbo adult stage of insects. 

Incisor The front tooth in mammals. 
Invertebrate — >' ithout a backiiotie. 

LABIUM -The lower lip, in insects. 

Labrum -The upper lip. 

Larva A young animal which has left 
the egg and is free, hut incompletely 
developed. 

MAORONUOLBUS The large nu- 
cleus in some organisms. 

Melanism t nusual durkness of colour. 

Mesoderm -Hie middle cellular layer 
of organisms. 

Metabolism— Chemical change in l*ody. 

Metamorphosis The f»criod in the life 
of some insects during which the 
change occurs from the larva to the 
imago. 

Metazoa— Many celled animals. 

Micronucleus— The small nucleus in 
some organisms. 

Mimicry— Resemhlanee between spe- 
cie*. often for protection. 

Morphology— Science of structure. 

NATURAL selection— I'be survival of 
individuals which possess advantageous 
variations. 

Neural— Pertaining to the nervous sys- 
tem. 


Notochord— A supporting rod under the 
central nervous system in all vertebrate 
embryos, usually replaced later by the 
backbone. 

Nucleus— The specialised portion of pro- 
toplasm within a cell. 

OOOIPITAL— Pertaining to the backot 
the head. 

Omnivorous— Having a mixed diet. 

Ontogeny— 1 ndividual development. 

Ovary— The female sexual gland. 

Ovlduet— The tube from the ovary to 
the exterior. 

Oviparous— Producing eggs, or pro- 
ducing young from eggs. 

0 VO viviparous— Producing young from 
eggs hatched within the liody. 

Ovum— The female sexual cell, the egg. 

PARASITE "An organism which lives 
on or in another. 

Parthenogenesis— Production of new 
individuals from unfertilised eggs, and 
therefore without the male element. 

Pentadactyle- Having five digits 

Permanent dentition - The second set 
of mammalian teeth 

Phytogeny— The evolutionary history 
of animals. 

Phylum— A large division of the animal 
kingdom, r.tf. Vertebrates. 

Plantigrade -Walking noon the palms 
of the hands or soles of the feet. 

Protoplasm— Physleul basis of organ- 
ised tissues ; simplest form of living 
matter. 

Protozoa — Lowest division of the 
animal kingdom. 

Pupa— A stage in insect life. 

REGENERATION— The process of re- 
pair after injury. 

Reversion" The appearance of traits 
like those of remote ancestors. 

SEGMENTATION -Early divisions of 
an egg after fertilisation ; also the 
division of an individual into rings or 
segments. 

Self-fertilisation— Fertilisation of an 
egg by a sperm from the same indi- 
vidual. 

Self-pollination Transference of pol- 
len man stamens to stigma of the same 
flower. 

Soma- -The body as distinct from the 
germ eel Is. 

Somatic - Pertaining to the body as 
opposed to the germ cell. 

Special creation — The lielief that 
species w ere created independently. 

Spermatozoon— The male sexual cell. 

Spinal cord— The hinder part of the 
central nervous system. 

Stigma— An air tul*e in insects. The 
poll en -receiving organ In plants. 

VACUOLE— A space in the protoplasm 
of a cell. 

Variation — The appearance of new 
traits. 

Vegetative propagation— Reprodur- 

turn by other methods than egg-pro- 
duction, r.ff. budding or fission. 

Ventral -- Pertaining to the lower as- 
pect of the liody. 

Vestigial— Pertaining to an organ which 
has undergone reduction. 

Visceral clefts — The slit-like Openings 
on each side of the throat which every 
vertebrate embryo exhibits. 

Viscera— Organs within a body-cavity. 

Viviparous— Producing young alive. 

WARNING colouration— Conspicuous 
colouring of organisms which have 
dangerous or unpleasaut traits. 

ZOOGEOGRAPHY— The distribution 
of animals on the earth. 

Zoology — The science of animals. 

Zygote— A fertilised germ-cell 
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A FIRST LESSON IN THE THEORY OF MUSIC 


By .1. Cutiihkkt Haddkn 


C 1 VERY BODY knows a musical Bound when ho 
hears it. How is such a sound produced ? 

44 By vibrations or movements excited in the 
air which surrounds us,” nay* the man of 
science. These vibrations may Ik* set in motion 
in various ways — by the human voice in sinking, 
by the agitation of a string, by the forcing of a 
column of air through a tube — as in wind 
instruments — by the striking of a sonorous sub- 
stance, If the resulting vibrations are very 
slow, the ear receives no impression of them ; if 
they are broken and irregular, the product is 
not music but noise. 

Musical sounds are, therefore, to put it in a 
word, the result of rapid and regular vibrations 
of the air. Such sounds may be high or they 
may be low. When they are high, the vibrations 
producing them are very rapid ; when they are 
low, the vibrations are proportionately slow. 


Two Main Essentials, Thus we have 
musical sounds as they strike on the ear. How 
are we to represent them on paper, so that 
they may be produced by voice or instrument 
at will? This is the subject of our present 
study-— the notation of music. In providing 
a written “ language ” for music, two main 
essentials have to be considered: (1) the 
pitch— that is, the acuteness or the gravity— 
of sounds ; (2) the length or duration of these 
sounds. 

To determine the pitch, a series of lines and 
spaces called the Staff or Stave is used, with the 


addition of “ Uef ” signs, to Ik* explained piv- 
scntly. looking at a single* 44 part ” in any 
musical composition, it will Ik 1 * found that it is 
set down upon a Stave of live lines ; hut in 
theory the Stave must Ik* regarded as a great 
ladder of eleven lines and ten spaees, broken 
up into two divisions merely for convenience of 
“ reading.” V<k*» 1 music was naturally the first 
consideration of those who devised a notation ; 
for voices arc old as creation, while instruments 
were a later evolution. A man s voice is lower 
than a woman's : he sings from the lower part 
of the Stave ; the woman sings from the upper 
part. Hence it came about that the Great 
Stave of eleven lines and ten spaces was split 
up into halves. With eleven lines it could not 
be equal halves, of course, so the middle lino 
was omitted, to lie introduced as a short line 
only when required. The final result was there- 
fore like this : 


The original Great Stave should, nevertheless, 
form the basis of the student’s theoretical know- 
ledge. These lines and spaces are counted from 
the bottom upwards. Musical , sounds are 
named after the first seven letters of the alphabet, 
and the stave lines represent, in their artier, the 
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Mmndft G, B, D, F, A, C, E, C, B, t>, P, while 
the spaces represent A, C, B, G, B, D, F, A, C, E. 

The student is strongly advised to learn these 
names by heart before proceeding. He must not 
be content until he can give at once, without 
hesitation, the name of any line or space within 
the entire range of the Great Stave. For those 
who are looking forward to playing an instrument 
f this is especially essential. The singer may grope 
his way about, guided by a possibly good ear, 
but the instrumentalist must read his notation. 

Clefs. Having cut up the Great Stave into 
two little staves, as it wen*, the question came to 
be how to indicate which part, the upper or the 
lower, was in use. It was with this object that 
the now familiar Clef a were introduced. “ Oef ” 
is the French wort! for AVy, and these clefs are 
the keys by which the rosjieetive halves of the 
Groat Stave are determined. Jn old music 
several clefs were used, and several clefs are 
still used in full scores ; that is to say, in 
written orchestral music. In all ordinary 
modem music, however, only two clefs are 
found. They are know n commonly as the* Treble 
and Bass (lefs ; more correctly as the G and F 
Clefs. The names in the latter case arc? derived 
from the position unsigned to the respective clefs, 
the one turning on the G line of the* Treble 
Stave, the other having its centre on the F line 
of the Boss Stave. As a matter of fact, these 
clefs were originally written in the form of the 
letters G and F ; and it was not until fnr on 
in tho evolution of musical notation that they 
assumed their present outlines, as thus : 



Treble Clef. Hass Clef. 


Notation. Tho supporting fabric of written 
music being thus provided, we have to consider 
what to place upon it. This brings us to tho 
question of notation proper — the svml>ols by 
which the pitch and duration of musical sounds 
are represented. If pitch alone had to he 
determined, one character would serve the 
purpose. But musical sounds may be of various 
lengths, as well as of different pitch, and to 
distinguish these lengths seven forms of note 
ore employed. We may tabulate them thus : 


||^| a Breve \ty\ 

& a Semibreve 
& a Minim 


r 

s 

S 

s 


a Crotchet 
a Quaver 

a Semiquaver 
a Demisemiqu&ver 


J 

«r 


J 


Here we have the notes in the order of their 
time value, each note being twice the length of 
the one which succeeds it ; so that if, for example, 
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you count four for a semibreve, you will count 
two for a minim, one for a crotchet, and so on 
proportionately. Observe that the tails of the 
notes may be turned up or down at pleasure. 
In the case of “ tailed " notes with hooks, the 
hooks are often drawn together when two or 
more such notes appear consecutively, thus : 



This “ tving ** of tails in no way affects the time 
value of the notes ; in many cases it is done 
just because the notes look better when written 
in that way. With regard to the breve, the first 
note shown in the above table, this will be found, 
as a rule, only in Church music. In very old 
music notes of even greater length were used, 
hut these* are now discarded. In the matter of 
time, modem music may be said to begin with 
the semibreve. 


Time Values. Noxvlookat the notes again. 
The semibreve, let us say, will last while we count 
four. Suppose we w*ant it to last while we 
count six y There are two w r ays in which this 
may be indicated in writing. We may “ tie ” a 
minim to the semibreve, or we may add a dot. 
The latter is the more usual Avay of increasing 
the length of a note. The formula of the theory 
lKK»ks is this : A dot after a note adds to the 
note one-half of its own time value. Thus, a 
dotted semi breve is equal to a semibreve and a 
minim ; a dotted minim to a minim and a 
crotchet ; a dotted crotchet to a crotchet and a 
quaver ; and so on. Sometimes a second dot 
is required, when the time- value of the note is 
increased by three-quarters of its own length. 
Stated in another way, the second dot 
the value of the first dot. For the sake of clear- 
ness, all this may be set out to the eye as follows : 

is equal to a and a d 
is equal to a & and a J 
is equal to a J and a ^ 


i 

& 

J • 


i 

& .. 

J - 
A. 


is equal to a £ and a £ 

is equal to a & and a d and a J 

is equal to&J and a J and a J* 

is equal to a J and a ^ and a ^ 

is equal to a and a ^ and a 


A third dot, having half the value of the second 
dot, is used rarely. 

Rests . So much for the relative duration of 
notes. What if we want an absolute silence 
now and again ? How is the silence to be 
indicated ? This brings us to the question of 
R*Ms. Every note — semibreve, minim, crotchet, 
etc.— has its corresponding rest, whose tune- 
value is exactly that of the note which it repre- 
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«entB. Hew aw the forms of these different illustrates and emphasises the fact that the notes 
rests : written on adjacent lines and spaces of the stave 

Semi- MlnllM Cniti&at cw«r **■»>«- I*nii*>nii. are not all equi-distant in the matter of sound, 

breve. mwnm * vruwucv. qlwvw qu*ver. Look at this : 



The student will find a little difficulty in readily 
'distinguishing the semibreve from the minim 
test and the crotchet from the quaver rest. 
jet him try to remember that the semibreve 
?est hangs from the line, while the minim rest 
sits on the line ; that the head of the crotchet 
rest is turned to the right, whereas that of the 
quaver rest is turned to the left. On the Con- 
tinent they have a more distinctly- figured quaver 

rest, written thus which is occasionally intro- 
duced in English music. 

In ordinary usage rests are no trouble to the 
reader of music who knows the notes for which 
they stand and the time- value of these notes. 
The respective rests are simply the equivalent 
silences of equivalent sounds. But there are one 
or two unusual usages connected with them, of 
which the student must make careful note. For 
example, the semibreve rest is employed to 
indicate silence for a whole measure or bar 
(bars will be explained further on), no matter 
what the length of the measure may lie. Thus 
we might have this : 



Here the semibreve itself would have represented 
the time of only two minims, whereas its rest 
is made to represent the time of three minims. 
On the other hand, silence for several bars is 
generally indicated by the appropriate rests, 
with the number of bars written in a plain 
numeral above the Stave. Thus, if the single 
bar rest of the last example were to be extended 
to four bars, the indication would be : 



Other occasional peculiar usages find, as a rule, 
an easy explanation in the context. Rests, of 
course, may have dots placed after them to 
lengthen their time-value, just as in the case of 
the notes they represent. In practice, however, 
rests are much less frequently “ dotted ” than 
notes. 

Scales, We have seen how the musical 
sounds represented by the first seven letters of 
the alphabet are represented on the Stave. Now 
we have to consider how these seven sounds may 
be modified. We shall speak of scales again in 
more detail. Meantime, let us run up the scale 
which begins on the note C. If the student has 
a pianoforte or a similar keyed instrument at 
hand* he should refer to it He will find that 
only between the keys E and F, and B and C, 
is there no other key— no “ black ’* key. This 


0 ) (*> ( 3 ) (0 



If you play (1) and (3) on the pianoforte, you 
will find that in both eases then' is no note 
between ; while, if you play (J) and (4), then' 
is a note between. 

Well, this intermediate note represents that 
modification of the foundation notes of the 
musical alph ain't of which we lm\o spoken. 
Between E and F, and B and (\ the pianist (sav) 
cannot place any other note : the distance*, 
technically termed a semitone, is too small to 
bo dist m ix'd. All the other steps of the musical 
alphaln't (C-D. IV K, F-G, (VA. A - B) represent 
a whole tone ; consequently we can throw in a 
half-tone lief ween each two. The question now 
is, how art* we to indicate tins modification, these 
extra notes, in our written notation ? 

Sharps and Flats, This introduces us 
to the Sharp, flat and Sutural, which are 
written in this way : 

Sharp $. Flat S>. Natural Jj. 

The names are almost self-explanatory. The 
sharp raises the pitch of a note a semitone ; 
the flat, lowers a note, also a semitone. The 
natural, again, restores a note which 1ms lieen 
sharjxuied or flattened to its original pitch. 
Double sharps (written thus : X) arc often em- 
ployed. raising a note two semitones ; double 
fiats (^), seen less frequently, lower a note also 
two semitones. It is unnecessary to illustrate 
in notation the use of sharp and Hat. Observe, 
however, that either of these? inflecting signs 
applied to a note? affects any repetition of that 
note in the same bar or measure. Thus if wo 
write : 



the second G will be “ sharp ” like the first. 
In order to have it otherwise?, we must introduce 
the natural, thus : 



Another usage of the sharp and flat is more 
confusing. When the last note in a bar has 
been affected by either of these signs and the 
following bar begins with the same note, the 
inflecting sign continues in force. Careful 
musical writers, however, generally repeat the 
sign in the new bar to avoid misconception. 
In the case of double-sharpened and double- 
flattened notes, it often happens that a restora- 
tion to the single-sharpenea or single- flattened 
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Jja&t Here ft* indication is made 

:, % . the use of the natural, i» thus— ijt ; ftt>« 
When certain notes me to be permanently 
sharpened or flattened— that is to say, through- 
out a compoistion, or part of a composition — 
the requisite sharps or flats are written at the 
beginning once for all. This results in what is 
called the key-*ignature f which will be explained 
more fully later on. 


Time has flour beats, strong, weak, medium, 
weak. In all kinds of time the strong beat is 
at the beginning of the bar. 

The student will understand that whether 
music is written in duple, triple, or quadruple 
time, either minims, crotchets, or quavers can 
be taken to represent the beat. Thus a bar of 
triple time may be written in each of the fol- 
lowing forms : 


Bars. Reference has already been made to 
measures or bars. A musical composition is cut 
np into short sections of equal value, just as a 
footrule is divided into inches and half-inches. 
Without this, music would be almost meaningless 
to the eye, and, in its rendering, supposing it 
could be rendered, altogether unsatisfactory to 
the ear. For in music which is to give any 
pleasure at all, cne very essential feature must 
be present — the regular recurrence of strong and 
weak accents or beats. Here are the first two 
lines of 44 God save the King ” without “ bar- 
ring ” : 



Supposing a vocalist, totally unacquainted with 
this melody, were to try to sing it from the above 
example. How’ is he to know' that he must put 
the accent on the 1st, 4th, 7th, and 10th notes ? 
Supposing he were to place the accent on any 
but the right notes, how it would distort the 
familiar air ! We should not recognise it, in 
fact. 

Here, then, is tin* object of having music 
dealt out in bar lengths : it enables us to fix 
the place of the strong accent, which always 
follows the bar-lira*. Thus, the two lines of 
“God save the King.” when barred, eoinr out 
quite clearly : 



tfr 


ir?>! 


In ordinary phraseology the portion of music 
between two bar-lines is called a Bar ; less 
frequently it is called a Measure* which is never- 
theless the mon* correct designation. Two- bar 
lines, termed a Double Bar , art* used to mark the 
elose of a composition or on important section 
thereof. 


Beat*. Just as u composition is divided into 
bars, so the bars themselves are divided into equal 
portions called Beal s. The beats are, as regards 
accent , strong, medium, or weak. There are differ- 
ent w ays of arranging these accents, and according 
to the particular arrangement so is the nature of 
the 44 Time.” Writers on musical theory are not 
uniform in their designations of certain sub- 
divisions of time, but for all practical purposes 
the terms 44 Duple.” 4 ‘ Triple.” and “ Quadruple ” 
are sufficient. They are, moreover, preferable 
to other terms (such as 44 Common Time ”), 
because they explain themselves. Thus Duple 
Time has tw*o beats in the bar, the first strong, 
the second weak ; Triple Time has three beats, 
in the order strong, w'eak, weak ; and Quadruple 
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It does not follow that there must be exactly 3 
minims, 3 crotchets, 3 quavers in every bar of 
triple time ; but there must be the equivalent 
either in notes or rests. The chief point to 
notice just now is, however, this — that when the 
beat is represented by minim, crotchet, or 
quaver, the time is called 44 Simple.” A quali- 
fying adjective is thus added to the three terms 
Duple, Triple and Quadruple. 

Further, a 44 Simple ” Time obviously implies 
a time that is not 44 simple. 4 ’ Hence we get the 
technical term 44 Compound.” Briefly, the time 
is 44 Compound ” when the beats arc of the value 
of dot ted notes. We may put it all another way, 
and say that Simple Duple Time applies to 
measure's of 2 beats ; Simple Triple to measures 
of 3 l>eats ; and Simple Quadruple to measures 
of 4 beats. Compound Duple Time has 6 beats 
in the measure* ; Compound Triple Time 9 beats ; 
and Compound Quadruple Time 12 beats. The 
difference may be readily represented to the eye : 


Simple. 
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Compound time is generally written in quaver 
time ; that is, the under figure of the signature 
(to be explained shortly) is usually 8, as l g 2 . 
It can thus be readily recognised by the grouping 



of th© ^rnerk into threes, or by the prevalence 
of dotted crofcchefa: 



Here are two measures containing the same 
value in quavers, wherein we can only decide 
the time by the grouping of the notes : 


12 3 19 



3 accented notes. 2 accented notes. 


But the reader of music is not required to 
examine the measures themselves in order to 
determine the kind of time. At the beginning 
of every piece of music he finds a sign called a 
Time-Signature. These time-signatures, con- 
sisting of an upper figure and a lower, are 
based on the semibreve as the standard of 
measurement, and to that note their figures bear 
direct reference. Thus the signature J indicates 
two-fourths of a semibreve, that is, two crotchets 
(or their equivalents) in a bar. In like manner 
| means three-eighths of a semibreve (throe 
quavers). In all Simple Time signatures the 
number of beats in the bar is expressed by the 
upper figure, which therefore never exceeds 4. 
Unfortunately, the Compound Time signatures 
do not so clearly express the number and value 
of the beats. In this case the figures indicate 
the notes obtained by dividing each of the l>eats 
in a bar into three equal parts. Thus Compound 
Duple Time would be expressed by | ; that is, 
six quavers. In all Compound Time signatures 
the number of notes obtained by dividing each 
beat into three equal parts is indicated by the 
upper figure, which therefore is never less than 0. 

Tim© Signatures. It will be best to give 
a complete table of Time Signatures for reference 
in case of doubt. 



simple Tims. 

Compound Timk. 

DUPLE 

(2 t>eat8 in the 
bar). 

(N or 1 2 minims 
^ 2 crotchets 
| 2 quavers 

a 

^ 2 dotted mininiK 

® 2 dotted crotchets 

jg 2 dotted quavers 

TRIPLE 

(3 beats iu the 
bar). 

2 3 minims 

® 3 crotchets 

g 3 quavers 

Q 

£ 3 dotted minims 

Q 

g 3 dotted crotchets 

! A 

1 i , 3 dotted quavers 

1 10 

QUADRUPLE 

(4 beats in the 
bar> 

(£ or g 4 minims 
QorJ 4 crotchets 
J 4 quavers 

1 2 

£ 4 dotted minims 

*g* 4 dotted crotchets 
12 

jg 4 dotted quavers 


Of these eighteen forms, J, and are very 
rarely met with. 
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Having got our musical composition divided 
mto bar lengths, with time* and key*8ignatures 
prefixed, we still want to have some indication 
of the pace and general manner of its perform- 
ance. As to the pace, that is most accurately 
indicated by what is known as a metronome 
mark. A metronome is an ingenious little clock- 
work machine with a dial and a pendulum, 
which may be shortened or lengthened at •* 
pleasure. There is a regulator on the pendulum, 
and that regulator, placed opposite the dial 
figure named by the composer, determines the 
speed of his music. Thus means 60 swings 

of the pendulum in a minute, each swing repre- 
senting one beat of the music ; in this case the 
duration of the minim. The metronome, there- 
fore, mechanically and precisely measures the 
rate, just as the pedometer measures the walking 
speed of the pedestrian. 


Musical Terms, But it is not always 
necessary to be so precise in the matter of time. 
It is enough, as a rule, to indicate the general 
character of a composition, and this is done by 
means of certain terms with which the student 
must familiarise himself. A list of these termH 
is given at the beginning of this course ; hero it 
will l>e sufficient to name those most commonly 
used, so that the student may look them up in 
the (ilossary. In alphabetical order they ure : 


Adagio. 

A llegro. 

A UegreMo . 
A ndante. 
Andantino. 
Grave. 


Largo. 

Jjarghetto. 

Lento. 

Moderato. 

Presto. 

Prestissimo. 


The application of most of these termH is 
extended and modified by certain qualifying 
words, such as molto (very), non tropfst (not too 
much) ; rxm mot-o (with motion) ; assai (more, 
extremely) ; meno (less) ; piu mosso (more 
moved, quicker) ; etc., etc. Thus Allegro cim 
moto means with more than the usual degree of 
motion ; Allegro non tropptt , quick, hut not too 
quick ; meno allegro t less fast ; and ho on. In 
this connection it is well to notice such terms as 
Accelerando (accelerating the pace) ; Ritardarulo 
(retarding) ; Ritenuto (holding back) ; and 
Rallentando (slackening the pace). When the 
composer desires that the former strict time lie 
resumed after an Accelerando or a Rallentando , 
he writes A tempo (in time). It should be 
pointed out, perhaps, that there is some con- 
fusion among theorists about the relative value 
of the terms Andante and A ndantino. The latter 
is the diminutive of Andante , and ought there- 
fore to mean “ less going ” ; but as a matter of 
fact it seems to be most frequently used to 
signify “ less slowly ” (than Andante). In regard, 
however, to the whole subject of pace and mode 
of performance, it may be observed in the words 
of Professor Banister, that good compositions to 
a large extent “ tell their own tale, indicate 
their own character,” and it must be left to the 
performer's judgment to execute them accord- 
ingly. 


To be continued 
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qnWrty. 

abort grace not* (ae* 


plzy 


pleasure as to tine. 

Ill * bar; widow wed in modern 


IUr Capptlla— In the church style. 
Am Mercia- In march style. 
Allegretto— Light And .cheerful ; not 
so last m Allegro. 

Allegro— Lively, brtelcly ; In ft gay ftnd 
merry w«y. 

Allemande— A German dance tune in 
triple time. 

A! Sfgno— To the sign (see text). 

Alt— All notes in the ocWve aiwve G in 
top specs of treble-clef are sftld to be 
in alt. 

Amore. Con- With tenderness. 
Andante — Literally, going, walking; 

going easily, fluently, moving on. 

A ndmntlno— slower titan Anilantr. 
Animate— Animated, usually as to 
speed. 

Anthem — A sacred comp<i*ithm for 
voices, words usually Hcrlptural. 
Appassionato— linjiassioned, with feel* 
Tug. 

A P pop gift t ura— A grace note (sec text). 
Arpeggio- Notes of a chord played in 
succession (see text). 

Assal Very, as A lleijro asset, very quick. 
A tempo— in time. 

AttaCCft— Attack ; wlUmut pausing. 
Aubade— A morning song. 

•AQATCLLB - A trifle ; 
piece. 

Barcarolle— A song or comi>oMil ion in 
imitation of the Venetian gondoliers. 
Ben— Well ; 
marked. 

Berceuse— A cradle song, n lullaby. 

Bis Twice (sec Text). 

Bolero-A .Spanish dance in triple time. 
Bourrde - All old French dance in triple 
time. 

OADCNZA— An ornamental ftassage, 
often imtmivised at the close of a 
composition. 

Calando— Literally, falling away ; gra- 
dually softer and slower. 

Canon— A composition ill two or more 
itarts in which the parts continually 
imitate each other. 

Cantabllo— In Rslnging.mehHiious style. 
Cantata— A choral romjKsilMon of 
several movements, with solos, Ac. 
Canzonet— A piece, vtwal or lustru- 
mental, of a flowing character. 
Caprlecloso-uiprictously, as to time. 
Catch— A humorous vocal piece for 
several voices. 

Cavatina -A graceful, simple air. 
Coda— Tail ; the end. 

Con— With. Con Amort — With affec- 
tion, lovingly. Cun Anima — With 
soul. In a feeling manner. Cun Brio— 
With animation. Cun Fuoco— With 
Are. Cun H*tnr**ion * — With Expres- 
sion. Con Veto— With movement. 
Con Spirit #— With spirit. Con Sordini 
With dampers (piauo); i.e. without 
pedal. 

Creaeondo — Gradually louder. 

DA CAPO <1X0.) -From the be- 
ginning. 

Decrescendo— Gradually softer. 
Diminuendo— Decreasing as to. tone. 
Doloe— Sweetly, gently. 

Doloro so— Dolorously, with an expres- 
sion of pain. 

Duo Cordo— Literally, two strings. 
The soft pedal (piano) to be released. 


etady ; an exercise. 

' ♦— To cr e at e music on the 
of the moment. 

PALMETTO— Heed or feigned voice as 
opposed to natural or chest voice. 
FaamfO— A trumpet tune ; a flourish 
of trumpets. 

Fantasia— A composition in free, fanci- 
ful style 

FI no— The end ; used after a repeat (see 
text). 

Forte, Fortissimo (/,/)— Loud ; very 
loud. 

Forza, Con— With force. 

Fugut— A composition in which part-* 
do not all begin at once, but. as t 
were, follow each other successively. 

QAM UT— Old term for the scale. 
Gavotte— A lively dance of French 
origin, popular in seventeenth and 
eighteenth centuries. 

GIOCOSO— Humorously, Jocosely. 
Glojozo— Joyous, cheerful. 

GlustO— Just, strict, as Tempo Qiiutto, In 
strict time. 

Glee— A comiMJsition for voices, peculiar 
to England. 

Gllssando- The playing of several rapid 
scale notes successively, by sliding one 
finger along the white keys of the 
piano, instead of separately fingering 
each note. 

Gondolled— A gondolier song. 
Gr&ndloso— Grandly. 

Grave— Gravely, solemnly. 

Grazioso, Con grazla— ^ Gracefully. 

a short easy HORNPIRg— An old English dance. 

IMITATION— A species of fugue where 
the parts imitate each other. 


! ‘ ' cue t Ian gondoliers. Impetuoso— Impetuously. 
lira m a ratio, well impromptu - Extempore, unpremedi- 
.. .... tateii ; a piece iike an improvisation. 

Intermezzo — Literally, intermediate ; 

in tr< si llced lietween acts of an opera, Ac. 
Introit— A short anthem preceding the 
service of the Roman Catholic Church. 

LANQAAM— Slowly. 

Larghetto Rather slow, in a broad 
style. 

Largo— Slow and solemn. 

Legato— Smooth, connected. 
Leggiere— Easily, lightly, delicately. 
Lento— slow. 

Lied— German term for a simple song. 

L* istesso tempo— The same time ; used 
where a change of time-signature 
occurs, to Indicate tiiat the length of 
the lieat remains the same though 
represented by a different kind of note. 
LOCO— The place : after tea, to )>oint out 
that the music is to lie rendered in its 
proper octave, as written. 

MA— But ; as I'lroce ma mm tropfta, 
lively, but not too much so. 
Madrigal— An unaccompanied part song 
Maestoso— With majesty or dignity. 
Mano Destra (M.D.H The right hand. 

Mono Sinietra ( if.&X the left band. 
Maroato— Marked, emphatic. 
MarzialO— In mart la style. 

Mazurka— A Polish dance, in triple time. 
Mono— Leas, as Me no allegro, less lively. 
Mezzo— Medium, as Metz o forte, mode- 
rately loud. 

Minuet— An old French danoe, in triple 
time. 

Moderato— Moderate, as to pace. 
Motto— Much, very, as Motto allegro, 


Morendo — Dvln g away; flw*"®y' 

intone 

Mosao— Moved, as PWt moom, mole 
moved, quicker. 

Moto— Movement, motion (sae Con 
vwto). 

NOOTUftNC— A composition of light 
and decant character. 

Mon— Not ; Son troppo, not too much. 

OQQLIOATO— Indispensable a part 
or accompaniment of essential im- 
portance. 

Octet— A composition for eight instru- 
ments or voices. 

Op. (for Oput or Opera)— A work ; used 
to indicate the number of a composition 
in the order of its composer's works. 

PASTORAL— A simple air, in S time, 
of a rustic character. 

Pad.— The sustaining, usually called the 
loud, pedal of the piano. 

Perdendosl— Losing in sound, growing 
softer. 

Pesante— Heavily, Impressivoly. 

Plano (/>)— Softly.— Pianissimo (ppV- 
V ery softly. 

Plii— More, as J*iit allegro, more lively. 
Plalnsong— The most ancient kind of 
ecclesiastical music. 

Poco— A little, as Poco a poco, little by 
little. 

Polonaise— The Polish national dance, 
in triple time. 

Po m POSO— Pompously. 

Portamento — Gliding from note to 
note in singing. 

Presto— Fast Prestissimo— Very fast. 

QUASI 

da nte 
style 

Quintet— A composition in five parts. 

RALLRNTANDO — Gradually slower. 
Recitative— M usicai declamation. 
Rhapsody— Acomposftion in a freestyle. 
Rlsoluto— In a resolute manner. 
Kltardando. Ritenuto— Retarding the 
speed. 

RubatO— Literally, robbed : Tempo 
Huhato , a slight deviation to give 
more expression by retarding at one 
place and quickening at another ; not 
in strict time. 

SOHMRZAN DO— Playfully. 

Scherzo— A lively, playful piece. 
Sempre— Always, as Sempre staccato, 
always staccato. 

Senza— 1 Without. 

Senza Sordini— Without dampers 
(pianoX ue. with pedal. 

Sforzando. Storzato (SI.)— Forced, 
with great emphasis. 

Smorzando— Gradually fading away. 
Sostenuto — Sustained. 

Sotto Voce— In a subdued tone. 
Staccato— Short, detached (see text! 
Stringendo— Hurrying on the speed. 
Syncopation— Irregular or cross ac- 
cents ; biuding the last note of a bar 
to the first note of the next ; accented 
notes occurring In the unaccented part 
of a bar (see text ; Counterpoint). 


-Like, iu the Btylc of, as An- 
te (fitatti allegretto, Andante in the 
t* of allegretto. 


Mof? 


lento— A little note before a princi- 
pal note to give it point, as thus— 


Neapolitan dance 

in J time. 

Tempo— Time. Tempo Prime— the 
originalpace (after Rallentando, etc.) 
Tenuto (fen.)— Hold for the full time. 
Tremolo— Trembling ; the rapid alter- 
nation of notes to produce a trembling 
effect. 

UNA COROA— One string ; U. with 
the soft pedal 


- Similar in pitch, but 
differing in name, aa G f and A 2. 
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-Rapidly, swiftly. 

Vibrato- With much vibration of tone. 

Vivace— lively, vivadona 

Vottt SuMto (V.S.)— Turn over quickly. 
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THE BUSINESS OF SHOPKEEPING AND ITS BEGINNING 


F this and the subsequent chapters of the 
series, which, when completed, will form 
a handy, comprehensive, practical guide to Shop- 
Keeping, we shall confine ourselves to shops in 
the sense of “ buildings or apartments in which 
goods, wares, drugs, etc., are sold by retail/’ and 
by shop-keeper we mean “ Retail Trader, in 
distinction from a Merchant, or one who sells 
by wholesale.” The shop of the craftsman or 
mechanic does not come within our scope. 

It is astonishing how little may be learnt from 
books about the all-important subject of Shop- 
Keeping. It would appear that familiarity with 
such a common sight as a shop had bred a certain 
contempt for it. 

An Unorganised Community. People 
have been in the habit from their cradle of 
frequenting shops, but have never chosen to be 
interested enough, nor have ever dared to be 
inquisitive enough, to enquire about the practice 
and method of shopkeeping. They have always 
got what they wanted and have cared nothing 
as to how it was kept. The shopkeeper, too, 
especially in the past, was invariably of a reserved, 
exclusive disposition, always too occupied in 
minding bis own business literally to think of 
putting on record bow he carried it on, and thus 
came to pass the anomaly that, in the literature 
of the nation of shopkeepers/’ no place was 
found for the subject of keeping shops. 

Yet what could be more truly British, and 
more really important, than the distributive 
industry of this country. It may be both 
interesting and useful to note that the exclusive- 
ness just mentioned was only profitable to the 
shopkeepers individually. It was anything but 
beneficial to them as a community. It de- 
prived them of adequate political expression, 
and prevented concerted action being taken for 
their benefit ; such, for instance, as in the regula- 
tion of the internal economy of their establish- 
ments. For a century or more they were 
numerous enough to be very powerful, but, with- 


out a leader, and having no effective organisa- 
tion, they were, until quite recently, about the 
most powerless section of the population, save, 
perhaps, that still more numerous class the shop- 
keejiers’ assistants — the would-be shopkeepers ! 

False Gentility. But not only did 
familiarity with shops dull the imagination in 
respect of shopkeeping, even to the entire ex- 
clusion of so important a subject from the 
literature of the country ; it led people to form 
erroneous notions. The real cause of any falling 
off in the British distributive industry has been 
false gentility— the insane notion that there is 
something derogatory in trade as a career for re- 
spectable sons and daughters. Karly in the 
eighteenth century— in the days of Pope— him- 
self the son of a merchant — we know, on the 
authority of Sir Walter Besant, — that the 
tradition of sending the younger sons into trade 
survived the practice. The younger sons of 
country gentry no longer sought apprenticeship 

and fortune in London It waH considered 

beneath the dignity of a gentleman to sell any- 
thing, or to soil his fingers with any kind of trade, 
or to deal in any kind of commercial enter- 
prise.” , . , 

The earliest fortunes tha f were made in shop- 
keeping were taken out of the trade and invested 
in land, upon which the retired tradesmen lived. 
At first there were their sons and nephews to 
fill up the gaps in the business, which, despite 
changes, continued to prosper. By the time the 
eighteenth century was reached the number of 
shops had increased enormously, numerous open- 
ings were created, and it became necessary to 
recruit young men to fill these from somewhere. 

The Decline in Shopkeeping. No 
more sons of country gentry were available, 
while the supply of the sons and nephews of the 
fortunate retired shopkeepers had become 
exhausted. Then it was that “ the poor youths 
—those who had everything to gain, and who 
were already employed in some capacity in the 
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City — understood what was wanted. There 
were thousands of such young men ; but there 
were but a few — there are never more than a 
few — who understood the first essentials of 
success — how to see and how to seize the oppor- 
tunity.” That these men were uneducated and 
vulgar we should expect, and a book published 
in 1800 , giving the parentage and history of the 
City Fathers of that time, abundantly proves it. 

u that could be the case two hundred years 
ago, in the early history of shops, how much more 
so has it become since ! For, during the past 
60 yearn, the number of shops has increased 
more than it had done during the preceding 
900 years. It is obvious, therefore, that the 
M science and art” of shopkeeping had not 
advanced in anything like the same proportion 
to the number of shopkeepers, solely because 
the trade had not attracted the best educated, 
the ablest and the noblest of the young men of 
the country. So that another extraordinary 
anomaly now existed : this typically British and 
quite indispensable industry was left almost 
entirely to those young men who had the least 
educational and social advantages. 

Ita Failure to attract. History, then, 
teaches that trade, as far as ahopkoeping is con- 
cerned, has suffered, not so much from defec- 
tive education as from failure to enlist the 
services of the educated. 

Granted, however, that the trade has l»een 
carried on by shopkeepers of humble origin, of 
little or no education, the fact proves only that 
a better class of men would trade in a better way. 
Shopkeeping, in these days of acute competition, 
when the “ multiple ” shop vies with the limited 
liability company in squeezing the “ small 
man ” out of the field, requires the very best 
of the youth and manhood of the nation. 

Shopkeeping is an indis|>enKnl>lo trade that 
constantly grows in importance, and it offers, 
therefore, an excellent and lucrative career to 
capable men and women. There are urgently 
wanted — to quote Mr. F. F. Bridgewater — 
” live young men of ideas, who can think for 
themselves ; we must stop sending the best of 
them to work like machines from ten to four . . . 
in Banks and Insurance Offices where they have 
no hope of becoming their own masters. If they 
earn 30s. a week, at least they can wear a top hat 
and black coat and call themselves professional 
men. The banks and insurance companies 
make a vast profit from this state of affairs. In 
effect, the bank and insurance clerk pays £2 
or £3 a week out of his pocket for his pseudo- 
professional standing. . . . When we cease to decry 
the trade which butters our bread, when we have 
a middle-class which is less steeped in out-of-date 
conventionality, then we shall nnd Great Britain 
doing much bettor in the commercial warfare 
which is her lot.” 

Facilities for Acquiring Knowledge. 

Shopkeeping, it will thus be seen, affords an 
excellent scope for healthy young men and young 
women of energy, education and a fair share of 
sound common sense, and the problem, there- 
fore, is how to induce the w'eh-educated and 
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good -mannered young men and maidens to adopt 
shopkeeping as a career. 

One important step to this desirable end is the 
recent welcome activity in the direction of 
providing facilities for those* who are already 
engaged in trade to acquire the technical educa- 
tion, so essential to the : r own advancement, which 
they should have received before entering busi- 
ness. To acquire the knowledge of a trade, which is 
essential to efficient salesmanship and successful 
shopkeeping, a period of* apprenticeship is 
absolutely necessary, and it is during thus time 
that the learner is most likely to appreciate the 
value of technical instruction, inasmuch as he 
would then be in a position to apply the theories 
in his daily work, and thus enhance his enjoy- 
ment in the performance of his duties. 

There are at present very few branches of shop- 
keeping without a trade organ, and no enter- 
prising shopkeeper can afford to do without the 
trade paper, which keeps him informed of tho 
state of the market, and of what transpires in 
the trade outside his own establishment. The 
Drapery and Grocery trades are particularly well 
catered for ; the Ironmongery, Hardware, Boot 
and Shoe Leather, Chemists and Druggists, 
Fruiterers, and Tailoring trades are also well 
supported. 

An Excellent Field for Investment. 

It is also, with efficient management, an ex- 
cellent field for investment. The “ small 
man,” the widow, and other peculiarly situated 
jieople who are possessed of a limited capital 
may confidently turn their attention to shop- 
keeping on a small scale if they use judgment 
in their selection of locality and study the 
noedH of the population. The greatest care 
must be exercised, in taking the premises, not to 
yield to exorbitant exactions as to rent and 
agreement ; the employment of a reliable 
solicitor is desirable in even tho most seemingly 
trifling circumstances, lest there may lurk in 
some clause an error or omission capable of end- 
less trouble and litigation afterwards. In most 
businesses on this small scale it Bhould be borne 
in mind that it is usually the rent that kills. 
Care should be taken, also, not to start in a new 
thoroughfare or locality, unless the capital is 
large enough to ensure against the almost certain 
loss w'hich must be faced during the first year 
or so. One has only to consider the number 
of times a shop in a new Arcade or on a new 
Terrace usually changes hands before it yields 
a profit over and above the establishment 
charges to appreciate the value of this hint. 

Essentials for a Good Choice. The 

choice of a trade mainly depends upon three 
things — the taste or qualifications of the can- 
didate, the amount of the capital at his 
disposal, and the needs of the neighbourhood. 
The man or woman who contemplates the 
opening of “ a little shop ” without previous 
experience is limited in the choioe of trade to 
enter ; and while a certain amount of know- 
ledge of any trade is highly desirable before 
attempting to conduct it, there are a few which 
may be mastered so easily that no previous 



knowledge of them is essential. It is well to 
study the possibilities from every standpoint 
when selecting the site, especially if the start lie 
ventured in a new district, in which case every- 
thing should be done with a view to the future. 
Care must be taken to avoid any reckless or 
unnecessary expenditure to “ push the trade ” 
beyond the capacity of the district, which is 
always a temptation if progress be slow and the 
returns only moderate. 

The Site. The most commanding site avail- 
able should be selected, so that the most may be 
made of a good display. Judging by the stale 
and dusty appearance of the window in most 
small shops not owned by enterprising capitalists 
or the companies, window-dressing is sadly 
neglected* though it be one of the finest arts, 
requiring all the genius and the skill of the 
painter and draughtsman combined to practise 
it in its perfection. No business is so small that 
it would not profit by having great attention 
paid to its window-display. From sheer force of 
habit, involuntarily and almost unconsciously, 
we look at shop windows and take in the con- 
tents at a glanoe, but only the effectively-dressed 
or displayed windows compel the closer inspec- 
tion which usually leads to a purchase. But it 
is not sufficient nowadays to make an effective 
display for universal admiration merely, but a 
free and judicious use of the ticket-writer’s art 
must be made to represent value in a tempting 
and convincing fashion. The tickets must be 
neither too big nor yet too full — they must be 
clean, the letters and figures must be bold and 
neat, and the articles to which they are affixed 
must be the perfection of their kind — clean, fresh, 
and unblemished. The newsagent, the tobac- 
conist, or the fruit shop situated at or near the 
terminus of a railway or a tramway, or at or near 
the comer of a busy thoroughfare, or the con- 
fectioner with an appetising, wholesome, and 
inexpensive display of sandwiches, porridge and 
stewed fruit, near a workshop where many hands 
are employed, is assured of a flourishing time 
if he takes care of his window. “ Take care of 
your window and your window will take care 
of your shop,” may well be accepted as the 
motto of shopkeeping. 

Good Management. Having chosen the 
line of business and settled the important matter 
of locality and premises, all is plain sailing if due 
care and cautiousness, judiciously directed 
energy, and the liberal exercise of common sense 
are given free plav. However small the concern 
may be, too much care cannot be given to the 
matter of keeping an account of every payment 
made and of the takings every day ; and the 
smaller the business the more imperative it is 
to insist upon cash for every purchase, never 
yielding to the habitual temptation to give 
credit, however small. 

No elaborate system of book-keeping is needed. 
Two books at most are ample — a day-book and 
a cash-book. The shop and everything in it 
should at all times be scrupulously clean, and 
the habit of pleasing the customers from the 
first should be assiduously cultivated No busi- 
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ness can succeed without advertisement, and no 
advertisement is so effective as the treating of 
customers in such a way as to cause them to 
repeat, and to continue to repeat, their custom. 
And ail the main essentials to this end are the 
free gifts of Nature. It is incumbent on all shop- 
keepers to be careful that such talents as they 
have shall not be hid. Without them, salesman- 
ship is well-nigh impossible, and efficient sales- 
manship is the concentrated essence of all the 
qualifications needful in successful shopkeeping. 
According to one modem authority, “ health, 
sincerity, ability, industry and knowledge ” are 
the five great essentials of good sidesman- 
ship. Upon these things depends the success 
of shopkeeping, whatever the line of business 
may be. 

Kindred Trades. We are conoemod with 
shopkeeping generally, and with such quali- 
fications as are common to all classes of trade. 
Many trades are kindred to one another. Tim 
most comprehensive, probably, is the drapery 
trade, which includes, besides linen and woollen 
products, a large variety of other textile goods, 
such as silks, satins — which are special ised by 
silk mercers — hosiery, lace, ribbons, haberdashery 
and fancy goods. The grocer finds it quite con- 
venient to deal in provisions, dairy and gArden 
produce, meat ana poultry. The ironmonger 
naturally supplies oils and colours, hardware and 
machinery. The stationer is expected to supply 
books, newspapers and fancy goods, while 
chemists and druggists frequently encroach upon 
some of the grocer’s specialities. The newsvendor 
is generally also a confectioner, stationer, 
tobacconist and toy -dealer. It is fast becoming 
the rule for the largest drapery establishments 
to emulate the mammoth stores by including 
everything saleable, or, at any rate, to provide 
anything required for furnishing the house, and 
for clothing as well as feeding, doctoring, and 
recreating the persons living in it. 

ShopKeeping Law. Shopkeepers are ex- 
pected to acquaint themselves with the pro- 
visions of many Acta affecting their trade, 
notably the Sale of Food and Drugs Acts 
of 1875, 1 870. and 1900 ; the Margarine Act, 
1887 ; the Merchandise Marks Act, 1887 ; and 
the Shop Hours Regulation Act, 1892. The 
last of these provides that no young person 
shall lie employed “ in or about a shop for a 
longer period than 74 hours, including meal times, 
in any one week,” and imposes a fine not exceed- 
ing £1 for every person so employed. Owing to 
a defect revealed in this Act by the case 
of Hammond v. Pulsford, another Act was 
passed to remedy it by enacting that a notice 
is to be exhibited by the employer in a con- 
spicuous place, stating the number of hours in 
the week during which a young jierson may 
1)0 lawfully employed in the shop. Any em- 
ployer who fails to exhibit this notice may be 
fined £2. 

Among more recent Acts are the Shop 
Hours Act of 1904, enacting that an order for 
the early closing of shops may be made by a 
local authority either throughout the area of the 
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local authority or in any opacified part thereof. 
The doaing of shop* on Sundays, however, is 
left wholly to the operation of the Sunday 
Observance Act of 1607. The Employment of 
Children Act, 1903, the Weights and Measures 
Acta, the Sale of Food and Drugs Acts, and 
many others, also affect the shopkeeper, and he 
should not fail to make himself acquainted with 
their meaning. 

Capital to begin with. The question of 
the amount of capital at disposal is a most im- 
portant one. As the yearly list of failures only 
too amply proves, insufficient oapital is the most 
prolific source of insolvency. Whereas a small 
shop — a newsagency, tobacconist's, stationery, 
confectionery, or a little general ” — may, with 
extreme care and economy, be started with any 
sum from £20 to £100, a shop in the grocery, 
drapery, ironmongery, or any trade specially 
allied to these, cannot hope for success if the 
initial capital is less than £500. There may be 
a few instances where special ability, with the 
assistance or indulgence of the wholesale trade, 
has succeeded in building up a business with a 
smaller capital, but it is a risky speculation at 
best when, in counting the cost, a liberal provision 
is not made for the ready cash for stock-in- 
trade, and, also, for establishment charges, such 
as rent, rates, taxes, insurances, labour and 
incidentals. All these must be regularly met, 
whether there lie a brisk sale or not. It is 
essential that stock should be promptly paid 
for, so as to secure the increased discount for 
cash, however trifling. Nothing could be more 
instinct with failure for the beginner in shop- 
keeping than a false start in this respect. 

To be cc 


Shop System. Tin»-»vin« and labour- 
saving appliances, while essential to a business 
of any respectable dimensions, are hardly profit- 
able in the small business, where the trade does 
not demand their aid and the oapital for working 
purposes is limited. “ Necessity is the mother 
of invention,” and inventions are only profitable 
when the growth of the business necessitates 
their use. In a huge establishment, the simple, 
toy-like, but perfectly efficient overhead cash- 
railway system is invaluable in many ways ; it 
enables the salesman during the few seconds the 
ball is rolling to and from the desk to introduce 
another “ line,” or to attend to other customers. 
Moreover, the counter and the customers are 
not left unattended, and the assistants are spared 
the fatigue of frequent running and dodging 
about. In a large provision business the bacon - 
cutting machine and cold Btorage appliances are 
indispensable. In establishments where the 
living-in system is in vogue, large sums are 
profitably m vested in making the culinary de- 
partment replete with the latest cooking-appli- 
ances, such as kitcheners, bread -slicers, and 
knife-cleaners. Equally indispensable to the 
efficient conduct of business are all the products 
of electrical science — the lift, the telephone, the 
electric -bell, and the indicator. 

Enough has been said to Bhow what an 
enormous scope for talent, energy, and enter- 
prise is offered in a career of shopkeeping. And, 
whereas no vocation affords so many temptations 
to dishonesty or sharp practice, the fact is proved 
by experience that in no walk of life is the old 
adage that “ Honesty is the best policy ” more 
forcibly verified. 


THE CHOICE OF A SHOPKEEPING CAREER. 


THE following list details briefly the con- 
1 ditions usually prevailing in the chief 
shopkeeping trades. It has been carefully com- 
piled from authoritative sources, and the figures 
given are those that seem to be the more usual 
throughout the United Kingdom. From most 
shopkeeping trades the Bystem of indenturing 
apprentices has almost disappeared. The Bum re- 
commended as capital is the minimum upon which 
a start can be made with any prospect of success. 
Baker and Confectioner. Regular ap- 
prenticeship not general. Lads are engaged 
at about 0 s. per w*eek ; journeymen bakers 
earn from 25s. to 35s., foremen rising higher. 
Capital required to start a bakery equipped 
with machinery, £150 and upwards. 
Barbers. In ordinary barbering and hair- 
dressing apprenticeship varies in length from 
two to seven years. Boys reoeive about 2s. 0 d. 
per week to begin ; assistants earn from 21s. 
to 32s. plus commissions on articles sold. 
Business may easily be started on £50 capital. 
[See also Haiedrbssxbs.] 

Bookseller*. Conditions similar to those 
for stationers, but double oapital required. 
Boots and Shoes, Practical apprentice- 
ship five years, and wages 5s. to 14s. ; 
journeymen earn from 25s. to 35s. Girls 
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usually engaged as messenger girls at 2s. 6 d. 
and rise to 20s. or 25s. per week. Capital 
required to start, £120. 

Butchers. Errand boy engaged at about 5s. 
weekly and left to work his way up. An 
assistant salesman going the rounds with 
pony and trap receives 30s. to 40s. ; shop 
salesman usually a little less. Cash business 
may be started on £50 ; credit business on 
£150 to £200. 

Chemists and Druggists, Premiums of ££0 
to £100 required in apprenticing to high- 
class chemists in England. Such apprentices 
live indoors. Ordinary unindentured out- 
doors. Apprenticeship wages, 4s., 5s., 6s., 7s. 
weekly ; four years' apprenticeship is the rule 
in both cases. Assistants' wages, 20s. to 30s. 
per week for unqualified men, and 30s. to 50s. 
for qualified assistants. The best positions 
are as dispensers in public institutions, or as 
employees of the large drug stores. Capital 
required to start Pharmacy, £300. 

China and Earthenware* Apprenticeship 
is unusual, message boys or girls beginning 
respectively at 4s. and 2s. 6 d. per week, 
rising by experience to bo selling assistants, 
and earning anything up to 30s., according 
to ability. Business may be started on £100. 



p r tptrt, Apprentloeahips usually three to 
four yearn aad wag m 6*., 7«., 8*., 9«., per 
week ; assistants make 16s. to 30s. Living-in 
apprentices receive no wages, bat may receive 
small commissions on sales during the latter 
h*lf of term. Living-in assistants receive 
£20 to £30 a year. Female apprentices not 
common ; female assistants reoeive 8s. to 20s. a 
week, or if living in up to £15 per year. Capital 
required for small drapery business, £200. 
Capital should be turned over four times a year. 

Furniture Dealers, In the practical side, 
departmentalism has nearly killed the general 
apprenticeship system. Where apprentices 
are taken time is usually for five years, begin- 
ning at 4s. or 5s. and rising to 8s. or 10s. 
Journeymen workers earn Id, to lid. an hour. 
Salesmen frequently begin aB message boys at 
5s. a week and work their way up. Assistant 
salesmen begin at about 20s. to 25s. a week, 
and may rise to several hundreds a year in 
best shops. Trade usually allied to general 
house furnishing. Modest business may be 
set up on £100— -£200, but present tendency 
is towards hire-purchase trading, which re- 
quires much more capital. 

Grocers. The apprenticeship Bystem is be- 
coming less usual, but where it exists it is 
from three to four years. Wages, (to., 8*., 
10s., 12s. Assistants earn from 17s. to 28s. 
Capital required, £170 to £200. Stock should 
be turned over eight times a year. 

Hairdressers, As distinct from ordinary 
barbers, hairdressers serve no apprenticeship, 
but may receive instruction in one of the hair- 
dressers* schools in London and the provincial 
cities. Salaries for artists in ladies* hair- 
dressing are usually from two to three guineas 
a week, plus commission. [See also Barbers.] 

Ironmongers. Apprenticeship usually four 
years, and wages, 4s., 5s., 6s., 7s. Assistants 
earn 20s. to 40s. Capital required to start 
general ironmongery business, £600. Stock 
should he turned over twice a year. 

Jewellers. A premium of £50 to £100 is 
usually paid when a youth enters as apprentice, 
the premium being returned in the form of 
wages during service. Apprenticeship termi- 
nates at the ages of 21 . A journeyman jeweller 
earns from 27a. to 50a. per week. The best 
working jewellers in London, the seat of the 
English trade, are foreigners — French, Bel- 
gian, Swiss. Capital required to start business 
with small stock, £500. Good men have stock 
on consignment from wholesale houses or 
manufacturers. In the mixed watch-making 
and jewelling trade of the provinces a seven 
years apprenticeship is common, wages begin- 
ning at 5a. and rising to 12a. 

Milliner*. Two years’ apprenticeship and no 
wages paid. A premium of £10 to £20 is often 
required. Assistants earn from £10 to £30 a 
year. Capital required to start, £100 ; more 
if extended credit is given. 

Gil end Colourmen. In the ordinary oil 
and colour shop apprenticeship is unusual. 
Boys begin at about 4a. or 5a., and in about 
four years are worth 15a. a week, rising as 


high as 26a. or 28a. The proprietorship of a 
business may be attempted with £100 capital. 

Opticians. One of the few businesses which 
are not overcrowded, and where a competence 
is fairly certain to those electing to follow it 
Employers prefer technically trained youths 
instead of apprentices. Instruction in optios 
is conveyed at Northampton Institute,London. 
Assistants easily earn 40a. to 60a. a week, and 
managers rise as high as £500 a year. A sight- 
testing optician may begin business on £250 
— £350 capital, but to embrace the trade in 
all its branches £1000 is necessary. 

Photographers. Apprenticeship 'prevails, but 
not common. Usual length four years, begin- 
ning at 3a. or 4a. a week and rising to 10a. 
Assist ant operators earn 20a. to 50a. Business 
is often attempted with success on a very 
few pounds, but to equip a studio properly 
demands £100 to £200. 

Pawnbroker*. Apprenticeship practically 
unknown. W arehouse boys usually live in, and 
receive, in addition to board and lodging, £6 
or £8 a year. Assistants earn 30*. a week ; 
managers in first-class establishments from 
£250 to £300 a year. Many who enter the 
trade leave it for other vocations. A merchant 
business is usually incorporated with pawn- 
broking proper. Capital necessary, £2,000. 

Plumber*. Usually serve fivo years’ ap- 
prenticeship, beginning at 4*. per week and 
reaching 10*. Journeymen cam from Id. to 
llrf. an hour. Capital required £100, to £200. 

Painter*. Usual apprenticeship fivo years. 
Wages, 6*., 7*., 8*., 10*., 12*. Journeymen 
painters earn from 25*. to 35*. Capital 
required to start as a painter and paper- 
hanger, £00. 

Saddler*. Apprenticeship for practical saddler, 
seven years ; wages, 5*., rising to 12*. 
Shorter apprenticeships are becoming more 
common. Journeyman saddler earns from 25*. 
to 35*. per week. A small saddlery business 
may bo started on £100 capital. More is often 
required on account of the long credit fre- 
quently prevailing, and the practice of bribing 
coachmen and grooms to secure and retain 
wealthy customers is unfortunately common. 

Stationer*, Usual apprenticeship five years, 
and wages, 4*. 6d., 6*., 7*., 8*., 10*. Assis- 
tants’ wages, 18*. to 30*. Capital required to 
start, £1(X) to £200. Stock should Isa turned 
over four times a year. 

Tailor*. Working tailor’s apprentice servos 
five years, earning 4*., 5*., 6*., 7*., 8*. 0 d. a 
week ; journeymen tailor earns 30s. to 35s. a 
week, but has much idle time. Capital re- 
quired to start business holding some stock, 
£80. Shopmen, as distinct from practical 
tailors, earn 17*. to 30*. a week. 

Watchmaker*. Terms of apprenticeship as 
under Jewellers, but tendency is to reduce 
the time served. The" two trades are usually 
allied. Technical instruction in horology 
given at Horological Institute, London, botn 
to attending students and to learners by 
correspondence. Wages and other particulars 
as under Jewellers. 
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SHORTH AND AND TYPEWRITING 

THE FUNDAMENTAL QUALIFICATIONS IN COUNTLESS SITUATIONS 

BEING 

•HORTHAND TAUGHT »V MR IIAAO PITMAN A GONB ON THB TWENTIETH CENTURY PLAN 

AND A PRACTICAL COURSE COVERING 

TYPEWRITING, WITH THE WORKING AND MANAGEMENT OP ALL THE OHIEP MACHINES 


ADVANTAGES OF SHORTHAND AND THE PITMAN SYSTEM 


A LTHOUGH tho art of shorthand is of con* 
** niderable antiquity, it has only within 
recent years come into general use in this 
country. There is abundant evidence, how- 
ever, that it stands to-day in the first rank of 
subjects of general utility, and its students and 
practitioners are numbered in millions. 

This great development in the use of the art 
followed, as all tho world knows, from the 
labours of Sir IsAae Pitman in the invention 
and perfection of tho system associated with 
his name, and from his lifelong efforts in popu- 
larising an art of such universal service in 
modem life. 

The Pitman System. Briefly stated the 
two chief causes of the present position of short- 
hand are those : 

1. Tho Pitman system of shorthand is founded 
on a philosophical basis, approved by Max 
Muller and other eminent authorities on the 
representation of language in writing, whilo, as 
the result of its use by a host of able shorthand 
writers in every field of work, tho system has 
been developed on linos of practical usefulness 
to a far greater extent than any other method. 

2. Ever since the advantages of shorthand 
wore fully demonstrated, there has been a pro- 
gressively increasing demand for the sorvices 
which this useful art in tho hands of competent 
practitioners can render, particularly in associa- 
tion with literary and commercial enterprise of 
©very description. Thore are now very few 
positions involving any considerable use of the 
pen, in which it is not ono of the conditions that 
the worker shall have a knowledge of shorthand, 
and therefore tho cultivation of the art has 
become general— it might almost, bo said com- 
pulsory — among all those who seek to enter 
professional or business life. 

The student who takes up the study of Pit- 
man's shorthand through tho lessons presented 
in these pages will do so from the latest and most 
successful presentation of the system, namely 
that to which tho distinctive title of “ TVcntieth 
Century” has been given. The question tho 
novice will naturally put is, “ Can I leam short- 
hand ? ’ Assuming that he has had a fairly 
good elementary Education, and is willing to 
exercise the noeessary perseverance, ho can 
unquestionably do so. 

ThG ** Alphabet of Nature .* 9 The task 
before him is comparatively simple, naxa?ly, 
that of mastering the use of a set of symbols 
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for representing the English language in a 
briefer and much more scientific fashion than 
tho ordinary longhand with which he is familiar. 
When he has thoroughly learned the characters 
employed and their proper use, practice in short- 
hand writing and reading will bring proficiency. 

By the employment of what has been termed 
the “ alphabet of nature ” the English language 
can bo recorded in Pitman’s Shorthand with one- 
sixth of the trouble and time which longhand 
requires, and with tho adoption of the systema- 
tised methods of abbreviation developed in the 
briefest style, this system of shorthand oan be 
written with the speed of the most rapid distinct 
articulation. 

Sound Writing. The name which Sir 
Isaac Pitman gave to his system was that of 
Phonography — a term derived from two Greek 
words meaning “ sound writing ” — because its 
notation is based on the sounds of spoken 
language. Tho student must, therefore, bear in 
mind from the outset that in writing shorthand 
he must represent spoken sounds only, and these 
by the appropriate signs provided in the system. 
For example, if he wishes to write the word knee 
(commonly spelt with four letters, though made 
up of only two sounds), he needs to use but two 
phonographio signs, namely, that for the con- 
sonant w' n and that for the vowel . e> thus, 
knee. To spell in this fashion a mental 
analysis of the sounds of words must be made, 
but this process is very easily acquired, and is 
soon exercised without conscious effort. 

In doing the work prescribed in the present 
course of lessons, the student should use a pen 
and ruled paper having a smooth surface. The 
consonants should be written about one-sixth of 
an inch long, as in these pages. The student 
should hold his pen as for longhand writing, but 
the elbow should be turned out, so that the 
letter \ b can be struck with ease. He should 
hold the pen lightly. The wrist must not be 
allowed to rest upon the note-book or desk. 
In order to secure the greatest freedom of move- 
ment, the middle of the fore-arm should rest on 
the edge of the desk. The writer should sit in 
front of his work, and should have the paper or 
note- book parallel with the edge of the desk or 
table. For shorthand writing the nib employed 
should not be too stiff, but, as the thi ftk thin 
characters of Phonography need to be 
quite distinctive, it must have a sufficiently fine 
point for this purpoee. 



TABLE Of CONSONANTS. 


Utter. 

Character. J 

Heme. 

As In 

P 

\ 


pee 

pope 

poet 

B 

\ 


bee 

robe 

toast 

T 

1 


tee 

fate 

tip 

D 

1 


dee 

Me 

dip 

CH 

/ 


chay 

etch 

cheat 

J 

/ 


jay 

edge 

je st 

K 

— 

; 

kay 

leek 

cane 

G 



gay 

league 

gain 

F 


ef 

sa/e 

/at 

V 

( 


vee 

sate 

rat 

TH 


ith 

wreath 

thigh 

TH 

( 


thee 

wreathe thy 

S 

) 


ess 

hi ss 

*eal 

z 

) 


zee 

hi* 

seal 

SH 

J 


ish 

vicious 

she 

ZH 

J 


zhee 

vision 

treasure 

M 

— 


em 

seem 

met 

N 



en 

seen, 

net 

NO 

N-/ 


ing 

long 

anger 

L 

r 

«»» 

! cl 

fa ll 

fight 

R 

down 

up 

1 

j ar, ray 

for 

right 

W 


up 

way 

away 

l/'Ct 

Y 


up 

i 

yay 

ayah 

yet 

H 

1 

down 

up 

i bay 

ad Acre 

tigh 


The Consonant*. For the represonta- 
tion of words in shorthand the familiar division 
of letters into consonants and vowels is made, 
but with this difference, that the Pitman alpha- 
bet provides a sign for each of the thirty-six 
broad typical sounds of the English language 
and assigns to each a definite sign, which is used 
invariably to represent that particular sound. 

In the ordinary longhand alphabet there are 
twenty-six letters only, with the result that 
some of them represent several sounds, and 
thus occasion difficulties in sjielling which do 
not arise in the use of a complete phonetic 
method of notation such as we have in Phono- 
graphy. The consonant sign* in the Pitman 
system number twenty-four (represented by 
geometrical strokes) and the vowel signs twelve 
(represented by dots and dashes). Every 
syllable or vora is made up of one or more 
consonants and one or more vowels. For 
example, the consonant \ V standing by itself 
indicates a sound only, but if a vowel is added, 
thus X # we have the word pay represented. 


How to Momorlso tho Alphabet, 

In thk lesson the student is introduced to the 
consonants only. He is required to commit to 
memory the consonant sounds, and to learn to 
write them with facility. In order to accomplish 
this, he must make a careful study of the table, 
so that he may undei stand thoroughly what the 
characters represent, and he must then memorise 
them by the name* given to them. This can he kiest 
Accomplished by pronouncing aloud the names 
of the consonants when writing the exercise. 
The student should not take the whole list 
at once, but should attack it in sections ; first the 
eight straight characters, then the next eight 
curved characters, and then the final ten signs. 

The first sixteen consonants form pairs ; thus, 
p and b ; t and d ; ch and ; ; k and g ; / and 
v ; th and th ; * and z ; sh and zh. The articu- 
lations in these pairs are the same, but the 
sound is light in tho first and heavy in the 
second consonant of each pair. Each pair of 
consonants is represented by similar stroke's, hut 
that chosen for the second is written thick % 
instead of thin ; as \ p, \ b, | | d, V_ /, 

V. r, etc. We have, therefore, a tight sign for 
the ligfU sound, and a heavy sign for the heavy 
sirnnd. Thick strokes are never written upward. 
The consonants / rhay and / ray are some- 
what similar in appearance. It. is impossible, 
however, to mistake one for tho other, inasmuch 
as rhay is always written down, while ray is 
always written rr ; thus // chay, & ray. 

Exkrci.se. 

f To hr urritlrn by the Student. The. arrow shows 
the direction in which the consonant is to be struck J 

P, II \ \ \ \ \ \ 

T, D tl II M II II II 

CH, J [down! // */ // / / II 


K, G 


““ — 

— — — 

— 


F, Y 





Til, TH 

t( « 

( ( 

( ( 


( ( 

s, Z 

t) t) 

) ) 

) ) 

) ) 

SIT, ZH 


J J 

JJ 

J J 

M 


— 

— 



N 

•— 

— 

— 

— 


NG 



'W' 

W 

'w' 

L [up] 

?r r r 

r 

r 

r 

R [down] *V> ^ 

~^\ [up] 

& 

s' 

W [up] 

s 

O'" 



I [up] 

^ S S 




H [down] tl t 

’ ; 

1 Op] 
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Sow to a Ufc* 1km Ckmrmdmrm & 
; m«r to become 4 neat and graceful writer of 
shorthand, the student most ^ealooily observe 
Hie rule of M drawing ” Hie character! for some 
time, because unless he does he esimot beoome 
a good writer of the system. He should not be 
discouraged if at first he cannot make tho 
characters 14 as fair as print” Constant practice 
and observance of the rule of slow and careful 
e writing will soon enable him to do that 

Having thoroughly mastered the table of 
consonants, and acquired the ability to write 
any character without hesitation, the student 
wifi proceed to the joining of consonants, a 
process which demands careful work at the out 
set, and a strict adherence to the rule of drawing 
the characters. An important rule to be 
remembered is : “ Observe the angles.” In 

combinations like 

■v /\ \/ k l n w i/i 

rr rp pr klm tic let brbr drt 

~IA A Z_ AA 

ktrt mrd ch 1c ntrt 

etc., the angles are, of course, easy enough to 
make ; but in combinations such as 



etc., if the student is not from the first very 
careful in making the angles, he will find later 
on that ho cannot read what he has written 
without a great deal of trouble. Of course*, 
there an' some combinations which do not admit 
of any angles at all, as, for example, 


s 

h 


r c rA w 


Ik In 

.... . I 


-/ 

/ *h hr kk ch ch 

• -l JO'- 

vin nm tn rf tf t ah l sh jk 
etc., all of which must U» written with a singlo 
inflection of the }H»n. 

All the examples given in this lesson should 
lie carefully copied out, and the following rules 
mastered. 

Rules for Consonant*. Consonants 
when joined should l»o written without taking 
the pen from the paper, the beginning of the 
second consonant joining the end of the first ; 
thus, 

l_ not | _ \ V“ A V" 

tk, /tn, pk, tl , U, pi, 

s\ )_ 

Ip, sk. 

Consonants when joined are written in the 
sAme direction as when standing alone, up 
strokes being always written upward, and down 
strokes downward ; thus, 

H nUf not 

L and sh, however, when joined to other 
strokes, may be written either upward or down- 


ward, under ndee which will be explained later. 
The following are examples of the joining of 
these consonants : 

r £ r~ c c~ .a. / 

lm, . Im, Ik, Ik, Ing, shf, shm, 

s o 

shly Ish. 

In a . combination of consonants. Hie first 
descending stroke usually rests on the line ; thus, 

jj. n n n 


t Chy ch t. 


mr, kchp , 


Idy mchy nby 

ptfy m n th l. 

An ascending stroke beginning a combination 
should commence on the line ; thus, 

yr, hf, ylpy 

rmny rlv. 

A horizontal stroke followed by an ascending 
stroke is written on the lin 

mlr, nr. 


lp t rv. 


U'ky 


mr , 


by an 
♦bus, 

kly 


hr. 


gU kw. 

When a straight consonant is repeated, there 
must lx) no break betwoen the two letters ; 
thus, 

\ \ / i f - 

/>;>, N), ch chy jjy kky gg, td t kg t 


+ 


bpy di. 

A curved consonant is repeated thus, 

mm, 1171 , lly ffy SSy IT. 

As already pointed out, chay is always a down- 
stroke and ray always an upstroke ; moreover, 
when ch and r stand alone, ch slopes a little 
from the perpendicular, and r slopes a little 
from the horizontal ; thus, / ch , / r. The 
stroke naturally takes these slopes when struck 
downward and* upward respectively. 

When ch and r are joined to other strokes, 
they are distinguished by the direction of the 
stroke, and the amount of slope is of no import- 
ance ; thus, 

x ^ a l n s 

p chy pr f ch ty Hy ch %y m ch, mr. 

[This course is pu Wished by permission of 
Sir Isaac Pitman & Sons, Ltd.] 
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To be continued 



MATERIALS AND STRUCTURES 

THE NATURE AND STRENGTH OF MATERIALS AND THE STABILITY OF STRUCTURES 

A CAREFUL CONSIDERATION 

OF TNI OHISP MATERIALS OP THI GREAT OREATIVE INDUSTRIES 

COMPRISING A TREATISE ON THE PROPERTIES OP 


Metals 

Cements 

Rubber 

Alcohol 

Resin 

Timbers 

Slate 

Gutta-Percha 

Asbestos 

Sands 

Stones 

Leather 

Glue 

Shellac 

Sulphur 


Bricks 

Oils and Fats 

Petroleum 

Wax 

Concretes 

Glass 

Mica 

Pitch 

Turpentine 


AND OTHER MATERIALS USSD IN ENGINEERING, BUILDING, AND THE TEXTILE TRADES 

BY 

HENRY ADAMS, Thirty-fire years Professor of Engineering at the City of London College, 
Examiner for the Board of Education and the Society of Architects. 


THE CHARACTERISTICS AND PROPERTIES OF TIMBERS 


By Professor 

\Y7()OD is. perhaps, the most widely diffused, 
^ and the most generally useful, construc- 
tive material in existence. From prehistoric 
times it has entered more or less into the con- 
struction of every human habitation, and it 
therefore forms the most fitting subject for our 
first consideration. 

All trees are divided by botanists info three 
classes — Exogens , or outward growers ; Endogcns , 
or inward growers ; and Acrogens, or summit 
growers — according to the relative position in 
which the new material for increasing the sub- 
stance of the tree is added — whether towards 
the outside, the inside, or the top. Typical trees 
of each class would lx* the oak, the palm, and the 
tree-fern, and the inverse order would give 
approximately the historical order of their 
development in the course of Nature. 

The Moat Useful Clast of Timber. 

The exogenous class is the latest and most 
highly developed product, and the most useful. 
It is this class which furnishes the timber in 
general use for construction, the term “ timber” 
including all varieties of wood which, when felled 
and seasoned, are suitable for building purposes, 
and, generally speaking, for cabinet work also. 
An examination of a few tactions will show the 
typical construction, and, while every variety 
snows some difference in detail, it will be seen 
that they all have certain features in common. 

If the stem of an exogenous tree be cut across, 
it will be found to exhibit a number of nearly 
conoentric rings, more or less distinct ; and, in 
certain canes, radial lines intersecting them. 
These rings represent the annual growth of the 
tree which takes place just under the bark. Each 
ring consists of bundles of woody fibre or vascular 
tissue, in the form of long tapering tubes, inter- 
laced, and breaking joint with each other, having 
a small portion of cellular tissue at intervals. 
Towards the outer edge of each ring the woody 
fibre is harder, more compact, and of a darker 
colour than the remaining portion. 


Henry Adams 

The Age-marks of a Tree. Tin- 
radial linen consist of thin, hard vertical platen 
formed entirely of cellular tisnuc, known to 
lsitanistH an “ medullary raw,” and to car- 
penters an “silver grain.” Figure 1 nhows the 
woody fibre on neen in a magnified longitudinal 
section ; 2 the cellular tissue, ami 3 a typical 
.wet ion of the stem of a young tree, a lieing the 
woody fibre, b the pith, c the medullary rays, 
and d the bark, the three latter eonsintiiig of 
cellular tissue and enclosing the woody fibre in 
wedgo-Hhaj>ed portions. As the tree advances in 
age, the rings and rays become more irregular, 
tile growth U-ing more vigorous on the sunny 
side, causing distortion. As a rule, one fresh 
ring is added each year, so that the age of a tree 
may lie known when it is cut down by counting 
the numlier of ringH, but the* rings vary in width 
according to the vigour of the growth during the 
season. In some trees, such as pitch pine, they 
are very uniform, while in others such as oak |4] 
they ant very irregular. 

When the trees an* grown closely together as 
in a forest they ant always straighter and taller 
as a result of their effoit. to surmount their 
fellows, and obtain all possible light and air. 
When grown singly they make handsomer trees, 
but have more branches, and therefore knots, 
and become more irregular. Let us glance at 
the means by which the growth takes place. 

The Growth of a Tree. The roots 
absorb moisture from the soil, which, in the 
form of a watery fluid called the common sap, 
rises through the fibres of the last deposited 
annular ring, traversing all the branches and leaf 
stalks until it reaches the leaves ; there it under- 
goes some change by the absorption of carbonic 
acid from the air. It then travels downwards 
again in the form of proper sap just underneath 
the bark, which is expanded by the accession of 
moisture, and in the cavity so formed a new layer 
of material is deposited which gradually hardens, 
and forms a new annular ring which consists 
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< pc»ctteiJIy (C.H^O*)- The part of the 

wood next the bark k called sop-wood, because 
ft contains more or lee* unaltered sap, and is not 
only softer, but more liable to decay than the 
heart-wood, which is drier and more compressed. 

Timber trees may be divided into two great 
classes — coniferous trees or pine-wood, and non- 
coniferous or leaf -wood. The first class contains 
€ such trees as pine, fir, larch, cowrie, or kauri, 
yew, cedar, etc., and the second class such as 
oak, beech, alder, plane, sycamore, chestnut, ash, 
elm, mahogany, teak, walnut, box, etc. 

The Beat Period for Felling. If a 

tree is felled too young the wood will be com- 
paratively soft and liable to decay, while, if 
left too long, the wood will have become brittle, 
and decay at the heart will generally have com- 
menced. If felled at maturity the greatest uni- 
formity of texture will be found throughout, and, 
therefore, the greatest value will be obtained. 
Only those trunks or branches which reach six 
inches or more in diameter are reckoned as 
timber. 

The best period for felling is when the vege- 
tative powers are at rest, either midsummer or 
midwinter in most cases, but in oak trees it is 
found that the bark may be stripped in the 
spring, and the tree felled after the new leaves 
have been put forth and died, thus providing 
the best condition of the bark for use in tanning 
leather, and the best condition of the timber 
for structural purposes. 

Coniferous trees generally produce softer wood 
than leaf-bearing trees, and in soft woods the sap- 
wood is usually of a greenish tinge, while in hard 
woods the darker they are the lighter is the sap- 
wood, so that the contrast is very striking. As 
soon as a tree is cut down it should have the 
branches lopped off, and then be drawn out into 
the open and raised off the ground, so that the 
air may circulate freely round it ; if roughly 
squared it will season quicker, but it should not 
be cut into scantlings until it is fairly dry. 

Seasoning • Timlx»r which is given a proper 
time for seasoning is tougher and more elastic 
than that which has been rapidly dried. The 
newly-felled tree has the fibres more or less dis- 
tended by sap, but as the moisture evaporates the 
wood shrinks, and it is very important to under- 
stand the mode in which shrinkage takes place. 
If a round log be cut into planks, as 5, the process 
of seasoning will cause a shrinkage circumferen- 
tially, so that the planks will take new shapes 
as shown in 6. If the medullary rays be com- 
pared with the ribs of a lady's fan then the 
shrinkage is similar to a partial closing of the 
fan, and an inspection of the grain at the end of 
a plank will show at once in which direction the 
distortion and shrinkage will take place. A piece 
of quartering [7] will show in a striking manner 
the effect of shrinkage, as in drying it will take 
the shape of 8, losing the shaded portion and 
standing as 9. The shrinkage in length is so 
slight that it may be disregarded, but the reduc- 
tion of width in seasoning may cause a change in 
the shape of the ends as in 10, where the dotted 
lines indicate the change. These effects may all 
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be reduced bycarefuHy drying the timber before 
conver ting it, bat some varieties — e.g. pitch 

C ie, not only go on shrinking in dry weather, 
t will expand again the reverse way when 1 
exposed to a damp atmosphere. 

Defects, Umber is liable to numerous 
defects, principally shakes and knots. Shakes 
are cracks caused % the partial separation of the 
fibres longitudinally during seasoning ; they are 
known, according to the shape and position, as 
heart shakes [11], star shakes [12], cup shakes 
[18], and wind cracks [14]. Knots are portions 
of wood where branches have been lopped off, as 
15, but unless they are dead and loose they do 
not present any serious drawbacks. Rind galls 
[18] are dead portions shut in by the annual 
rings, caused by some injury to the sap-wood of 
the growing tree, and subsequently covered by 
fresh layers. Sappy comers [17] and waney 
edges [18] are also defects. Some timber, such as 
mahogany, is liable to an upset in the grain, 
as 19, sometimes called a thunder shake. 

I)oat incss and foxiness are dirty spots and 
stains in the cut timber, which may be taken as 
symptoms of incipient decay. Dry rot is a 
disease which causes the destruction of the in- 
terior fibres and converts the timber to a brown 
powder, but often leaves a shell of apparently 
sound material on the outside. Sap-wood and 
wood that has been insufficiently seasoned is most 
liable to it, and particularly if situated in a moist, 
close, stagnant atmosphere, as under a kitchen 
floor. It is generally associated with a fungus 
( Meruliuft lachryman # ), which spreads over the 
surface and is very difficult to eradicate. If the 
evil has not gone too far it may sometimes be 
stopped by scraping the parts affected and 
painting them over with blue vitriol or sulphate 
of copper (CuSOJ, and inserting air-bricks in the 
walls. In bad cases the whole of the affected 
wood must be cut out and the walls scraped 
clean, as the fungus, if left for any time, is liable 
to spread over brickwork and masonry, and 
produce spores that may attack fresh wood. 

Precautions Against Disease. There 
are various modes of rendering timber less liable 
to the attacks of disease, or of parasites, to 
which we may give attention. For outdoor use 
creosoting is, perhaps, the most important. This 
was formerly known as Bethell’s process, and 
consists in impregnating the timber with creosote 
or oil of tar. It is usually performed in a closed 
wrought- iron cylindrical vessel, like the shell of 
a Lancashire boiler, say 7 feet diameter and 
60 feet long, with a door at one end and tram 
rails laid along the bottom inside. The balks or 
planks of timber are placed upon trollies with 
chains or iron hoops over the top to keep the 
timber from floating when the creosote is let in, 
and the trollies are ran into the cylinder. The 
door is then shut, and a vacuum of 7!b. or 8!b. 
per square inch is created to extract the air from 
the fibres. After a short interval creosote is 
allowed to enter, the vacuum is maintained until 
all the timber is submerged, and the pressure is 
then raised to about 1501b. per square inch. An 
average of 8lb. of creosote per eubie foot of 
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timber can in this way be forced in f Mid it 
remains there after the timber is removed. 

This process is used mostly for paving blocks, 
for railway sleepers, for timber piles, and for 
jetty work, the strong smell rendering it unsuit- 
able for indoor purposes. The Fire Resisting 
Corporation, Ltd., by a somewhat similar 
method, impregnate timber with an antiseptic 
and fire- proofing solution, which is forced into 
the fibres by hydraulic pressure. The trolleys 
are then run into a drying kiln, where the timber 
remains for about a month before it is ready for 
use. By the Powell process timber of all kinds, 
including cabinet woods, is placed in a saccharine 
solution, which has the effect of producing a 
chemical alteration in the sap, so that even 
green sappy wood can lie rendered perfectly 
sound, and after drying is free from any ten- 
dency to shrink, warp, or decay. Many other 
processes have lieen tried with more or less 
success, but they have now fallen into disuse. 
The more open the texture of the wood the letter 
it can be impregnated, and hence the various 
processes have lieen almost exclusively applied 
to Memel and Dantzic lir. 

The Timbers Moat Used. We will 
now turn to the different kinds of timber in 
ordinary use, beginning with the coniferous 
class, having spines instead of leaves, and bear- 
ing their seeds in the so-called “ cones ” of 
various sizes. 

The most useful memlier of this class is the 
Finns nyhw8triH % which is popularly known as 
Northern pine, Scotch lir, Baltic tir or pine, and 
rod or yellow deal. The uninitiated have great 
difficulty in understanding the use of the terms 
tir, deal, and pine ; fir should Ik* used only for 
the produets of the A hies, but it is used by car- 
jienters for any soft timber used in scantlings — 
i.e. above 2 inches square, and it is used by 
quantity surveyors for any unwrought wooa 
where the same piece would be described as do il 
if wrought — e.g. tir rough fillet or deal wrought 
fillet. The term deal again is used l>oth for pine 
and fir, with the distinctive prefix of yellow and 
white respectively. Deal also signifies the size 
of a board — viz., 9 inches wide, planks being 
11 inches wide, battens 7 inches, and narrow 
battens 4$ inches. The term pint, is likewise 
used for various kinds of clean straight stuff, 
including yellow deal, red deal, i>attemmakers' 
pine, and pitch pine. The wood of the Pinus 
sylvestris is of a honey yellow with the annual 
rings rather darker, and giving figure to the wood 
when wrought. Some varieties turn a pinky-red 
when wrought, and this probably gives the name 
to red deals. It is, os a rule, straight-grained 
and very free from knots, and is known by the 
name of the port from which it is shipped. 

Deal* The yellow deals from Christiania are 
considered the best, but they sometimes contain 
a large proportion of sap-wood. Those from 
Stockholm and Gefle are next in quality, but are 
more disposed to warp than Christiania deals. 
They are suitable for floors and * other work 
where warping can be prevented. Stockholm 
and Gefle yellow are generally used for ground 
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floors ; Dram and Christiania white for upper 
floors. All floor boards should be laid heart side 
downwards, the curling being prevented by 
nailing the edges, as 20 ; if laid otherwise, 
pieces in the centre, where an annual ring crops 
out, are apt to shell up [ 21 ] when the floors are 
washed. Swedish deals cannot be depended 
upon for joiners’ work, owing to their extreme 
liability to warp. Gottenbui^g deals, though 
strong and durable, are not suitable for joiners* 
work. Archangel and Onega produce good deals 
for joiners’ work, but they are not so durable in 
damp situations as Christiania deals ; they make 

f ood warehouse floors and staircases. The best 
Russian deals in the market are those from 
Viborg, but they are inclined to sap; those from 
Narva and Petersburg are generally inferior. 
The knots in Russian deals are apt to be sur- 
rounded bv dead hark. Memel is a very uniform 
and durable timl>er, imported in the log and very 
suitable for carpenters' work. The size, ave- 
raging 13$ inches square, makes it very con- 
venient for use in civil engineering constructions, 
such as jetties. Dantzic timber, also in the log, 
runs to larger sizes up to 16 inches square ; it has 
a coarse growth, and is generally full of large 
knots, often dead, and is subject to cup shakes. 
Riga logs are now Bcldom seen ; they are the 
most uniform in quality, but do not run over 
12 inches square. Swedish timber is generally 
deficient in resinous matter, and cute with a 
woolly surface, but some of it may have thick 
annual rings and a quantity of resinous matter, 
which chokes the saw. Good timber, when 
freshly cut, should look clear and bright to the 
eye, and be firm and dry to the touch. 

Pine. Pinus rubra , Quebec pine, Canadian 
red pine, or American red pine is very like Memel, 
but when knots occur in it, they are larger than 
in Memel. It is a clear, straight timber — soft, 
pliant, and easily worked — but not so strong or 
durable as Baltie pine. It is much used for 
joinery and mouldings. 

Pinus strobus , American white pine, American 
yellow pine, Weymouth pine or soft pine, is 
much used for all purposes in its native country, 
but in England it is very liable to decay. There 
is scarcely any difference, either in colour or 
texture, between the inside and outside of the 
annual rings ; it is clean, straight-grained, free 
from knots, and grows to a very large size. When 
freshly cut, the wood is perfectly white, but soon 
assumes a brownish tinge. It can always be 
recognised by short hair-like marks or black 
dashes in the grain. It is chiefly used by 
pattern-makers, and henoe is known by the name 
of pattern-makers’ pine ; it is also used for door 
panels, on account of its width, but it is too soft 
tor joiners’ work in general. 

There are several other varieties of pine occur- 
ring in smaller quantity. They are used as 
timber, but we need not specify them. One large 
class, however, known in England as pitch pine, 
needs consideration. The principal variety is, 
perhaps, that named Finns Australis or Southern 
pine, or Georgia pine, found over a large tract of 
country in the United States. It is very resinous. 
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•tnught-gr&med and hard, free from knots, with 
the annual rings very regular and strongly 
marked. It is used for deck planking, treads of 
stairs, and purposes where its hardness 

and toughness are advantageous. It is also used 
for furniture, on account of its freedom from 
knots and strongly- marked grain. About one 
log in a hundred is found to have a beautiful 
curly grain, due to irregularities in the annual 
rings, and these logs are reserved for panels, 
which are, however, difficult to work, as the 
grain is apt to tear up. It is not good for beams, 
although very strong when new, as in course of 
time the resinous matter evaporates or dries up 
and the wood gets brittle. It is also not good 
“ between wind and water " — ».e. for jetty and 
dock work — and not good for window-sills, 
although often used. It must be well seasoned 
before use, as it is particularly liable to shrinkage. 

Fir, Abies excelsa or Picea exeelsa . Spruce fir, 
or white deal, is largely imported into this country 
from Norway and Sweden, and from other Baltic 
ports. The best qualities are used for joiners' 
work and the common qualities for rough inside 
work. Christiania white deals and battens are 
best for panelling, for dresser tops, shelves, and 
the upper floors of houses ; those from Friedrich - 
stadt have small black knots ; those from the low- 
land districts of Norway warp and split in drying. 

The most durable timber is growm on the 
higher ground and the more northern latitudes, 
the growth is slower, and the wood is conse- 
quently more compact. Both good and bad 
deals come from Dram, known as Drammen 
deals. Gottenburg white deals an* very stringy, 
with a woolly surface, and are used mostly for 
p%cking-cases. Narva supplies the next best to 
Norway, and Riga follows. Petersburg white 
deals are said to shrink and swell with changes of 
weather, even after being painted. 

Young trees of spruce nr with the bark left 
on are used for scaffold poles ; they may be 
obtained from 0 to 8 inches diameter and 30 to 
60 feet long. The same poles cut down the 
middle are used for making ladders, straight 
grain being thereby assured. The wood of the 
spruce fir is light, elastic, tough, not difficult to 
work, and some varieties are very clean and free 
from knots, though when knots occur they are 
generally very hard and notch the plane -irons. 
The colour varies from pale yellowish to brownish 
white, the commoner qualities being almost per- 
fectly white, and all turn bluish when exposed 
to the weather. There is very little resin in the 
grain, but it sometimes occurs in bold open 
streaks. Carpenters distinguish the qualities by 
calling the better ones white deal and the com- 
moner ones spruce. Other varieties of this tree 
are the American white spruce, American black 
spruce, Canadian or hemlock spruce, Nova 
Scotian red spruce, and the silver nr. They are 
not much used in England. 

Larch* Larix Europcea , or common larch, 
is an extremely durable timber in all situations. 

It is a very resinous wood, and the resin often 
exudes to such an extent as to form a varnish 
on the exterior, protecting it from the weather. 
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It is particularly suitable for posts and sleepers, 
but, on account of its resinous nature, does 
not dry verv readily, which renders it liable 
to shrink and warp if cut into boards. It is well 
adapted for floors and staircases, where there is 
much traffic. It bears driving bolts and nails 
better than any other resinous woods, and there- 
fore makes good ship timber. The wood is of a 
honey yellow, the hard part of the annual ring 
being of a reddish cast similar to Metnel, but 
more pronounced, and, on the whole, it has a 
browner appearance. 

Cedar. Cedrus Libani , or Cedar of Lebanon, 
is one of the most durable timings, of a yellowish 
browm, with distinct annual rings, powerful 
odour, and slightly bitter taste. It is straight- 
grained and easily worked, but liable to split. 
The eedar in common use is. however, the Vir- 
ginian red cedar {Juniperus Viryinianu). This is 
largely used for uardrol>eH, drawers and boxes, 
as the taste and smell keep away insects. It is 
the well-known wood used for covering hluckleod 
pencils, and hence is often called jH-neil cedar. 

Yew. The common yew (Taxus barcaJa) is a 
beautiful wood for cabinet-making, hut takes a 
long time to dry. Where it is plentiful it is very 
good for-fencing. The cypress (Cu press ns semper - 
rirens) is an ornamental evergreen tree often found 
in English churchyards. It is here slow growing 
and does not attain a large size, hut in the 
South of Kurojic it grows larger, and is supposed 
to Ik* the most durable of all varieties of timl>er. 

New Zealand Pine. The New- Zealand 
pine ( Dammar a .-I astral is ) is a coniferous tree that 
deserves to Iw better known. It iH said to grow 
to a height of 80 to 140 toet, with astraight, clean 
stem 4 to 8 feet diameter. Although it contains 
a considerable amount of resin, this exudes 
while the tree is growing, so that it is not parti- 
cularly noticeable when the log ih converted. 
The wood is close, even and fine-grained, the 
texture uniform and slightly mottled, the colour 
a light yellowish brown or full honey yellow, 
with a silky lustre, and the annual rings are only 
slightly marked. It cuts very uniformly in any 
direction, is easily worked, and yet tolerably 
hard. It unites well with glue, hut is apt to 
split in nailing. It is used in England principally 
by pattern-makers for patterns for small brass 
work, but makes beautiful panels for yacht 
cabins, and might be used largely by cabinet- 
makers and joiners, 

Hurst’seditionofTredgold's “Carpentry ” may 
be consulted for much useful information relating 
to timber and its uses. The marks upon timber 
have not been referred to, as they are so numerous 
and frequently change, but they have to be* 
known in making purchases, as they nearly all 
indicate some specific quality. 

O&K. Among the non -coniferous trees, or 
hard woods, oak (i Quercus ) is the most important. 
There are three principal varieties grown in 
England — the Old English oak or stalk-fruited 
(Quercus robur or Quercus pedunculate), which 
may be known when growing by the acorns 
having long stalks and the leaves short stalks ; 
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the Buy oak, or du«U*r fruiini {(/usrruA ****&• 
flora), whose iconw grow tn close cluster* with 
very short stalks, the leave* having longer 
lUlb ; and the Durmast oak {Qurrru* jwbt+crn*), 
whose worn* and leaf stalk* are similar to the 
Bay Oak, hut the leave* arr womewhat downy cm 
the underside 

The tirulier from the *talk fruited oak in 
nofiJiiderod to lr nupcrmr to the other* ; it i* 
lighter in colour, ha* a straight gram generally 
free from knot*, ami ha* numerous and distinct 
medullary ray'*, and consequently gm*| " silver- 
gram " or k ‘ flowrr ' It t* earner to work and 
lea* liable to warp than the Imy oak, it split* 
well and make* gomf lath*, and it t* suitable 
for all kind* of work. The W(**J of the l«ay 
oak i* darker, tougher, heavier and harder, 
hut ha* few Urge medullary ray*, and i* 
battle to warp Durmast oak i* inferior to 
either. Que|**e oak or Amerienn oak (< /ttrrcu * 
alba), eatlefl white oak from the eohmr of it* 
bark, ha* a pale reddish brown eohmr with a 
Htrnighter and rimrurr gram than Kngii*h oak, »•» 
sound, hard, and tough,* and l«*nd* eawtlv when 
steamed. Datitric oak i* of a dark hrouri eolour, 
with a close, straight and eompaet gram, bright 
medullary ray*. free from knot*, very elastu, 
easily U*nt when straim'd, moderately durable 

Higa oak i* Mimitai, hut ha* more nbmenm* 
and more di*tmet medullary rav* ; it i* uii|*irtod 
in half round h>g* Italian oak i* brown, hard, 
tough. Mtrong. *ul»j«'ct to *hake* and diflh ult to 
work, hut fn«e from other defeet* Wainscot oak 
i* tunlier *o converted a* to *how the silver gram, 
or Howcr. to the lie«t advantage (lap U»artbng, 
itii|M>rt«*d from Norway, i* a *ort of irdenoi 
w»m*col. dtMtmgui*hc<l from it by Uung full 
of white eolnured streak* (Ink i* a g»x*l all 
round ttniU'r in point of strength, durability, 
and general application ; it Maud* ex |* mure to 
the weather U'tter than nio*t other*. 

Chestnut. Hie ehe*tnut used fi»r building 
pur|Ht*e* i* the Spanish eheatnut (t'uafivneu 
rtiitnlk*), not the eormnoii horse rhiwtnut, whieh 
i* a *poiig y, whitish wihm| of little or no ti*e 
'Hie Spanish eheatnut i* only grown to a small 
extent m thi* eouiitrv at the preacut time ; it 
may hr known by the Un\e* U*mg *inoother, 
darker, hmger, and *»■ para ten! more' distinctly 
Tin* wood i* much like oak in eolour and general 
appearance, but ha* rather more of a etnnamon 
east of eolour, le** nap wtssi, and generally a 
eloaer gram, although noftrr and not *o heavy a* 
oak. Tlie chief distinguishing characteristic of 
the eheatnut »* the atwcnce of the distinct 
medullary* rayn, which produce the How^or in oak. 
and old roof timber*, Uuiehen, and church 
fitting* may U' discriminated in thi* way, also by 
the eheatnut being more l»al4e to split in nailing, 
while the nail* never blacken the tmilcr from the 
formation of ferro-galbc acid a* they do in oak. 
Heport* van*, but the general opinion i* that 
the roof of Westminster Hall t* oak. and the 
circular part of the Temple Church of eheatnut. 

Bi t c h. Beech ( Fapt* sy/itsficol i* a close- 
grainei hard wood. with rcmarkal 4y distinct 
medullary ray* in small plate*, allowing when 
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cut across a* small stroke*. The wood is a 
whitish -brown, very* suitable for machinery, for 
the stork* and handles of tools, and for many 
other piir|Km. It i asm decay* when exposed 
to alternate drought and moisture, and is very 
liable to the attack* of worm*. For cabinet- 
making it is stained to represent rosewrood and 
eUmy ; it i* also used hv glass* blower* on 
account of it* freedom from deleterious matter* ; 
engtrwer* use it for pile* under water and for 
wedges, 

Elm. Kim {I'lmu* mmj*Mtr%A) i* a very open* 
grained wixjd of a reddish-brown, and 1 * gene- 
tally much t w i*tcd in the grain. It is fibrous, 
denar, and tough, and l**an» driving nail* very 
will It i* n<*t used in small scantling* on 
account of it* liability to warp ; it i* useful for 
pile* and for planking in wet foundation*, but 
decay* rapidly if ex|K»*ed to alternations of 
moisture ; it i* much us**! for pulley blocks, 
na\e* of win'd* and coffin* Tlie American elm 
(I 'lthUA rar* mt>m) i* much lighter in eolour than 
the common elm and of « different character, 
l**»ng clean and straight in the grain, tough and 
flexible, free front knots and sap, and can la* 
wrought with a fine smooth *urf«ce. It i* much 
used for ships' rail* and for the fender pieces of 
jetties. 

A»h. A*h (Frannu* is a light 

hniwnish white with longitudinal yellow steaks, 
each annual layer i* srpuraUsl from the next by 
a ring full of |*>rc* It i* remarkably tough, 
clastic, flexible and easily woiked. with very 
little sap wood, hut require* to In* sawn into 
plank* soon after felling, a* otherwise deep 
shakes ofieii from the surface 'Hit' planks 
should l*‘ Mucked with small fillets h'tvuvn, so 
that they may season without warping. It is 
\er\ useful for long tool handles, shafts, spoke* 
ami felloe* of wilt'd*, wtxslen springs, and 
whcn*ver it has to sustain sudden shocks It is 
\erv durable if kept dry. hut soon rut* when 
allow cd to lnH omi* alternately wet and dry, and 
»* sithji'et to the attacks of worm*. It i» used 
for uurdrolie* and other cabinet work on account 
of the colour ami figure of it* grain 

Birch, fhrch ( Hrtula prndvla, H. alba, etc ) 
has a straight grain and sometimes well figured. 
It is hard and tough, stands wear and tear ; is an 
exodlent wmal for the turner, Uung light -coloured, 
compact, and easily worked ; is much usixi in 
cabinet making ami lor furniture of various 
kinds; when stained and varnished it i* not eamlv 
distinguished from malioganv American btrvh 
is useil for putlogs. Busman birch, calUxi also 
Hussian maple, is well figured and of a full yellow 
colour. 

Mibogany. Mahogan v< Makuyani stnetenw ) 
is obtained from iVntrak America and the West 
Indie*. The former is known as Honduras 
mahogany, and the latter as Spanish mahogany. 
Honduras mahogany is similar to cedar m 
colour, of somewhat straight and coarse grain, 
makes soft silky shavings, and is worked with 
very fcftle waste, if care has been taken in 
seasoning. It make* very good panels in 



Importance of educational travel upon ita 
nadcint and indicating bow beat to pursue this 
important branch of self-education. 

Travel mnd BooK-Hoowlodga. We 

dare venture to say that if we were to describe 
travel as the most valuable part of any man's 
education we should not be great! v over- 
estimating its importance. It is difficult to 
think of any occupaton, requiring akfll and 
observation* in whicn the worker would not be 
the better fitted to engage if be had some intelli- 
gent travel in a foreign country. True, much 
may be learned from book*, and reading about 
other lands and peoples must go together with 
visiting them. We have met persons who, never 
having visited a foreign country, were still, 
thanks to their book-knowledge, better informed 
concerning its manners and customs, its people 
and their history, than others who had often 
been to that country, but who had travelled 
without profit ; tourists, in a word. One of the 
finest descriptions of Italy ever penned is to be 
found in “ John Inglesant," and at the time he 
wrote it the late J. H. Shorthouse had not been 
across the Channel. Many such instances might 
be given ; yet all combined would form no 
argument against our case for the educational 
value of travel, just as the gaping tourists who 
never acquire any real knowledge of the places 
they visit and the people they see must not 
be quoted against us, since we submit that 
they are not in any true sense of the word 
travellers. They are to the man who travels 
for education, or intelligently, as the gobbler 
of cheap library fiction is to the serious student 
of tiooks. 

The M Wander- Y ear.** ( hit? of the reasons 
for the enormous advance industrial Germany 
has made in our time is to be found in that old 
Teutonic custom, the Wanderjahr, or Wander- 
year. As soon as an apprentice is out of his 
time, he fares forth on a year's wandering through 
the country, plying his craft in different towns 
and villages, and gaining thus a breadth of mind 
and experience which is invaluable to him in 
after-life. Such a youth is worth far more in 
resource and knowledge than a workman who has 
never been beyond a day 's journey from home, be 
the Utter never so diligent. He is, indeed, the 
veritable “ journeyman," and can we wonder 
that a nation of such journeymen advances ? 
The Wanderjahr also serve* to implant in the 
German that intense love of travel which is so 
characteristic of the people. One cannot wander 
about the Continent any summer without en- 
countering little groups of young Teutons with 
their knapsacks and stout staffs ; pilgrims of 
knowledge. 

So vitally important to the growing proajierity 
of any oountiy is an en lightened and alert 
people, that it is surprising our educational 
leaders have not in the past insisted more 
strenuously on the absolute need of foreign 
travel as a part of general education, instead 
of leaving it to fiourish chiefly a* a pleasure or 
a pastime. True, it were a most desirable thing 
that certain features of education did become 
popular as pleasures ; the study of languages, for 


instance ; but. broadly speaking, that which is 
carried through entirely in the spirit of pleasure, 
and chiefly with the desire to amuse or to pass the 
time, is not calculated to leave on the mind any 
real educational effect. 

Surioua Holidays, We do not wish to lie 
held as urging that pedagogic travel should take 
the place of all other recreations ; no view so 
extreme has heen present for a moment in our 
mind. But what we do contend for and should 
delight to help in bringing about is. that young 
people, and indeed all who can still travel cither 
at home or abroad, would regard their annual 
vacation* with less of levity and with a thought 
more of seriousness than they are, for the most 
part, at present apt to do. For thin touch of 
serious purpose to what may still hr pleasure of 
the most desirable and enduring kind would 
have a wonderful effect in raising the national 
standard of enlightenment ; incalculable. Holi- 
days should not be merely the annual rccrentiun 
of Jones, Brown, and Robinson ; hut the annual 
recreation of a whole people, a process that 
should help to fit them the better for their |mrt 
in the world's work and destiny. It is this wide 
national view of a matter, that is only individual 
liecause the State is made up of individuals, 
which we are anxious to urge before we come 
to the closer consideration of its bearing on the 
character and career of the average citizen, 

A National, not only a Poraonal, Mat* 
tor. Assuredly it is no mere personal matter, 
this of educational travel. It is eminently national 
in it* importance. And to Britishers more than to 
any other nation, as our insular situation renders 
us peculiarly liable to cherish erroneous opinions 
of the world’s economy. Inversely, our insular 
circumscription has made us the world's colo- 
nisers. Our holder spirits in times past, and not 
lews to-day. have from the very fact of our 
territorial limitations sighed for wider realms 
and adventured into far lands with the wondrous 
result* of which we are all so proud.— many of us 
w ith so little personal reason. The Scots are pre- 
eminently the colonisers of the British Empire 
- in Canada, Australia, the Cape, everywhere, 
the Scot is prominent, liecause his own land is so 
small and so lacking in riches that he most travel 
to distant parts if he would improve his condition. 
To the Frenchman, the German, the American, 
it is almost enough that he travel his own great 
land ; yet not enough, wide and abundant in 
interest* as these countries are, for there are 
thousands of clerks in the United Htatos who do 
not know the postage rates to England, all their 
interest* t **ing so exclusively American ; it is 
possible to lie insular in one's knowledge and yet 
to live on a great continent. Still, the countries 
named, and especially the United States, have far 
more to offer their citizens who confine their 
travels to them than England has for Englishmen. 
A Frenchman who know* France from Maubcuge 
to Marseilles, from Nancy to Nantes, knows more 
of the w'orid and humanity than an English- 
man who knows bis native land from the Tweed 
to the Solent— and be i* not more rare. Know- 
ledge of our own country is not to be despised ; 
in fact, it most come before foreign travel, and 
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we will sssoroc in nil lh»t follows that the reader 
fie reasonably familiar with hi* own tend ; hot 
one short Journey to the Continent, If his eye* 
be open sad hfis mind likewise, will teseh him 
move then * lifetime fin Ett g Uan t Yes, move of 
XhJJaadi 

“ What should they know of England who only 
England know f *' 

Why Wo Must go Abroad* It has 

been will said that the whole art of painting 
a picture is knowing just where to sit down. 
That is. how to get the point of view. Simi- 
larly, the art of knowing how to appreciate and to 
understand one’s own country lies in choosing 
the point of view, and it needs no insistence to 
advance the proposition that in order to come 
Ivy this point of view one must go outside the 
country. We may be participants in a procession 
and know nothing whatever about that proces- 
sion. “ The looker-on sees most of the game.” 
To *te England, go to France, Germany, anywhere 
but England. That is the l**st way, the only 
way, to intelligent patriotism. As nothing is 
appraisable save relatively, or by comparison, we 
must know something of the life of other peoples, 
the characteristics, natural and social, of other 
lands, before we can presume to estimate these 
Qualities as they are exhibited in our own land. 
All tliis is so obvious, that it seems to lie un- 
necessary to set it down ; but that is precisely 
why the need exists, as it is the obvious which 
people are most apt to ignore or to omit to profit 
W Certainly these very obvious consideration** 
are by no means present in the minds of the 
majority of British people, or, at least, there is no 
evidence in their actions that they are influenced 
by them. 

How Travul Modifloa our Ideas. In 

Manchester, Uverpool. Birmingham, Gla*gow. 
Leeds. and other great provincial <*rnfnr*t, wr 
should hare no difficulty in finding thousand. a 
of young men and women who have never 
visited London. Think how some first hand 
knowledge of I guidon way* must correct and 
modify the local impressions of these young 
people Then consider how similar know ledge 
of Pans. Brussels, Berlin, Madrid, and Home— 
or any single one of these capitals - would, by 
many time* multiplied, modify their impression* 
of things. Why, in the day that a young man 
steps ashore at < slsis he has done far more than 
he ever did when he pamed into a higher class 
at college. He has opened the door of his mind 
to the entrance of the newest knowledge in the 
world : Am mm impressions of a foreign land. 
Of itself this may seem a small thing, hut in its 
effect upon an intelligent and ardent mind it is 
an immense thing That mind will never again 
think of England and of life from the insular 
point of view ; cannot. It is not at all necessary 
to go far afield to intensify the impression : 
Egypt will serve hardly better than Belgium, 
not so well as Home or Kt runa, in vivifying the 
spirit of antiquity. A stav of a week in Bruges, 
in Ghent, in Yprrs, combined with the book- 
study of these old towns, once so magnificent 
and so populous, now shrunken fio decay (for 
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even busy Ghent is but a shadow of its former 
•elf) would have a wonderfully miiHening effect 
upon the of a youth who has been v e e red 
fin the narrow local patriotism of Glasgow or 
Birmingham; while Brussa la , with fit a epkmdtf 
boulevards and handsome pubBe holdings. He 
bright end happy life, would enable him s 
accurately to gang* the eondfitions of Ids 
town. Iliis need not, will not, make the ; 
mind lew patriotic, but mote mteHlgentir so, alert 
to shortcoming* and keen to remedy them. 
In point of fact, we have only to notice how 
frequently the corporations of our large toirns 
are sending deputations abroad to study the 
ways of Continental cities if we wish a ready 
illustration of the value of foreign travel Seldom 
does any British corporation undertake an im- 
portant public work, a new tram service or water 
supply, without preliminary study of other towns 
in their treatment of the same matter. To the 
intelligent observer there is no foreign town 
which will not show him many things worth 
doing or equally worth avoiding. 

How It Alda Citizenship and Patriot- 
lam, This all makes for better citizenship. The 
more a man knows of other towns the shrewder 
is he in criticising his own, the more alive to its 
faults and equally to its advantages. And those 
are the citizens that we want to-day : not people 
proud and arrogant from ignorance, but apprecia- 
tive and loyal from knowledge, and. seeing what 
is good in other places, keen to adapt it to their 
own. In the same way this aspect of foreign 
travel includes the larger patriotism : the tem- 
perate and reasonable loyalty of men and women 
who love their own land and know' it best because 
they can view it in relation with others. That 
is the patriotism, above all. we need most now 
and in the future. For it is clear that Britain has 
entered upon a new' era of international politics, 
demanding of her prop/e no purblind devotion 
to the Hritinh /fag. but a sympathetic under- 
standing of the other great peoples of Europe, 
who an* neither fool* nor rogues, but nations as 
highly civilised a* ourselves, a* honest, as lovable, 
as human, and perhaps more interesting to us, 
as we are so to them. It is a wholesome thing 
to the confident Cockney to discover one day 
that he too is a " foreigner" when he lands at 
Boulogne ; then begins a process of modifying his 
(Vvkney confidence and pride, which, if continued, 
ran have nothing but the most desirable results. 
If we saw —and we think we can at least see signs 
of this —the Germans, the French, and the Brit sh 
increasingly keen on travelling in each other's 
country, not to sneer at, but to observe and to 
understand each other, then would be the be it 
possible guarantee of international peace For 
this we must bear in mind : be is a poor traveller 
wh i returns to scoff at his own land, and does 
not always feel ready to adopt those words of 
Goldsmith, applying them to his native land : 

“ Where’er 1 mam, whatever realms I see. 

My heart, untrav H d, fondly turns to thee.*’ 

The more personal side of forego travel has 
been hardy touched upon thus far, and will form 
the subject of our next chapter. 
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WOOL : AN INDUSTRY OLDER THAN ALL CIVILISATIONS 

By W. S. Muathy. 

A PPARENTLY an artificial product of civili* so intimately a* to form a perfectly homogeneous 
* + sat ion, the textile industry has its rr»ota whole. This is the root quality of the textile 
deep in the constitution of the world. The manufacturer's raw material, which places in s 
prehistoric beginner of textile manufacture, Mingle category fibres so diverse as cotton and 
though moat probably unaware of it, was merely mohair, hemp and silk. With unerring precision 
imitating one of nature’s moat common pro- the teat eliminates the textile from the non 
cesses. textile fibres. Put, for example, a pair of 

All animal and vegetable tissues are formed human hairs beside a pair off wool fibres. Though 
by the combination of slender threads, or carefully twined, the hairs come easily apart, 
fibres, or filaments. When we refer to the fibre Laid carelessly together, the wool fibres cling, 
and texture of wood, or flower, or flesh, we use A tuft of thistle-down, closely rearm tiling cotton 
no figure of speech, hut speak simply of those in superficial aspects, can l»r blown ajutrt by a 
things as they really are. Thread by thread, breath ; the fibres of a tuft of cotton w<#ol 
nature* builds up the tissues of all organism <; yield tip each other only undr r delicate yet 
she is the original spinner and weaver, and man forcible pressure. 

is her feeble imitator. By microscopic analysis An AfgP#f mtlon of Industries. The 
it has been found that the fibres visible to the {f}t i of u . xtl |«, , n< i»Mtry is to form xege- 
naked eye are themselves composed of fibre*. (aM< . Rll(1 anima | fibres into threads and 
and that these fibres are made up of smaller fi4 | )ricH fop UH4 , Anti adornment. No one needs 
fibres still, down to filaments so slender that the tw u . i n f orme d that there an* many tibn*s used 
human eye fails to detect them. j n the industry, numerous kinds of thread pro- 

The Basis of Textile Industry. This duced, and fabrics still more numerous. While 
principle is observed throughout the prises* one great aggregation - ultimately, we ls*lieve, 
of textile manufacture. If a piece of woollen to be resolved into unity-- the textile industry i* 
cloth is separated into its parts, two set* of divided definitely into gn*at branches, each con- 
threads come apart ; examination of one Uining many dif!en*nt trades. If every branch 
of these shows that it is composed of thread* of the industry used a different material proper 
still more slender, and these again are found to and peculiar to itself, and observed special 
be composed of thin fibres twisted together. At methods and processes, classification would 1st 
this point the threads cease to be continuous, a simple matter ; but the two staple process** , 
and tall apart into a series of fibres which have spinning and weaving, are common to all, and 
been combined. Nature’s threads and tissue* one manufacture complicates with another in 
do not fall apart in that way, because her diverse ways, the cotton weaver taking weft 
weaving is a vital, organic pr ocess, while man's from the silk spinner and the carpet weaver 
fabrication is purely mechanical. getting jute warp from the jute mill, the wool 

In comparing the organic texture of natural spinner using the cotton spinning mule, and the 
tissues with the mechanical combinations of cotton spinner in turn applying the wool comber 
textile industry, we do not mean to depreciate to his purposes. This complexity brings out an 
human art. Textile industry is based on the important truth. No matter what branch of 
fact that certain fibres will mechanically combine the textile trades a man chooses to follow, he 

07 




nxmi 


ought to nrikc himrtf acquainted with the gen- 
rnu principle*. at least, of the whole industry. 

Tb# frlncftpal Plbrn. Textile fibre* 
may tie likened to the linen at a great rail- 
way terminus ; they start parallel and give 
off one branch after another, finally divemng 
at the door of the market. The principal fibre* 
are — Wool, Cotton, Silk, Flax, Hemp, Jute, Coir, 
and (Vma Gran* otherwise known a* Hamie. 

With the modern growth of the textile 
industry, and the consequent enormous demand 
for raw material, attempt* have been made 
to introduce other fibre* a* substitutes for 
them* ; but the aeleetive judgment of mankind 
•eem* to have welt ntgli exhausted the field. 
Taking the fibre* a* termini, we find Wool 
branching off into Felt, Vam, Woollen. Worsted. 
Carpet, and Hoaiery Manufacture* ; Cotton into 
Calico. Muni in. Fancy (loth. Sewing Thread, and 
Lace ; Silk into Silk Yam*. Sewing Thread, 
Hiblioii*. and (loth* ; while Flax, Hemp, and 
Jute rearm Me a *ene* of local Iwanrh line*, 
more or W* a*Moeiatcd. producing. in a variety 
of combination*. Lmrn*, Damaak*. Canvas, and 
Floorcloths. Sailcloth. Mat*, Hope*, and Twin**. 
Before he start*. say. on the Cotton line, that 
i* to bear hitn fnr into the heart of the mu*lin 
factory, the student nhould take a careful look 
at the vanou* fibre* employed in the textile 
industry and nob* the |>artirular quaUtie* of 
each. l/*t u* set them down. 

Wool. Hollow t ii lie, clothed with triangular 
•cab** art in |M»in*. giving a wavy character 
to the Ntriicturc ; soft. bright, firm, ami 
clastic 

Cotton. Flattened tube. sides Hanging inward. 

the whole fibre tending to twint. 

Silk. Ik»uhle tube, covered with Hinging 
gum ; M»ft. bright, and flexible. 

Few limit up of transverse layer*, allowing 
serration ; fine, flexible, but woody in 
texture 

Hkmc. Coarser than flax, but aiiuilar in 
structure. 

Ji*TK. Soft, thick fibre , lustrous ; grown to 
great length, 

IVitH. Wavy, nerrated, co»r*e, but *1 hiw* great 
density of structure ; derived from the 
cocoa nut palm. 

HaMIK, l a mg and nlcttder fibre, with adhesive 
pro|ierty ; allied to jute ; lustrous and 
trail* paten h 

WOOL AND ITS MANUFACTURE 

The Woollen industry i* older than all existing 
ctvili«at*on*. like many another art* the manu- 
facture of wuot ha* ruwn and fallen with the 
riae and fall of nation*. 

Who lifwt u*ed the sheep's woolly coat for a 
garment n» unknown. The inaenbed tablet* 
recovered from the buried cities of We«tcm 
Aaia and Southern Egypt *how that woollen 
manufacture wan practiced by nation* whose 
origin and end are unknown. In the very earliest 
tfwditmn* of our race the aheep figure* as the 
uaeful property of man. We read in Geneaie : 
M And Abel wa» a keeper of aheep.** Job, the 
68 


hero of the oldest book in the Bible, poaaeaaed 
in the days of prosperity which gladdened hit 
age and repaid hi* suffering*, 14,000 sheen, and 
wa* doubtless a large exporter of wool. Solomon 
sing* of the virtuous woman : ** She layeth her 
hands to the spindle, and her hands hold the 
distaff/* Ancient poetry abounds in reference 
to the industry. Homer, in the * 4 Odyssey,*’ 
describes Penelope weaving the shroud of 
lacrtc*. while her maidens spin the wool, the 
faithful wife of the absent hero warding off her 
importunate suitors by lengthening out ner task, 
unravelling at night what she had woven through 
the day. 

An Ancient Craft. Centuries later, Ezekiel 
Hjxikc of Tyre a* the market of white wool from 
lhunascu* and blue cloths from the trilies of 
Syria. Nineveh and Babylon were great centres 
o? woollen cloth manufacture, and Persia, shorn 
of her ancient glory, still sends carpets to 
the palace* and mansions of the West, \ju\y 
Lugard has gathered records of vanished African 
empires, where woollen garment*, stiffened with 
gold, were worn hy kings and chiefs. All round 
the world, “ from liana to Peru,” wool has been 
used for clothing, for comfort, and for ornamental 
fa hr M's. from time* heyond the beginnings of 
recorded history. The woollen industry is, as the 
old Guild charters say, “ a most ancient and 
honourable craft.” 

Yet the industry is still developing. The 
factories of Nineveh have vanished without 
leaving a trace, but new factories rim* every' 
year in Yorkshire and Lancashire ; the dyers 
of Tyre are loat to fame, hut their successors 
work in the laboratories of Vienna, Berlin, Paris, 
Bradford, Manchester. Massachusetts, and New 
Jersey. On the site* of Babylonian weaving 
factories the Arab* felt the tent-cloths with 
their feet. The old races attained civilised life, 
perfecting their industries ; they sank into lmr- 
harism, degenerated, disappeared, taking their 
industries with them. New races, or races held 
in reserve, came forward, and found the arena 
of world-culture empty. Truly wt are the heirs 
of all the ages. 

When Caesar came to England. It 

•veins to U' proved that, when the anrient 
(Vita came over to the British Isles, they knew’ 
the art of felting wool. According toVawar. 
the inland tribes, in ,V> *.c., wore the skins of 
beast*, when they wore anything but paint. 
He docs not mention, however, as appears from 
other evidence, that the inhabitant* of the 
southern coast wore a short kilt of felted wool. 
Very probably the inlanders were equally ac- 

3 u* in ted with the art, but were too busy sub- 
uing the land to pay much attention to clothing. 
A similar difference might have been observed 
not a hundred year* ago between the inhabitants 
of the American coast towns and the farmers of 
the inland states. The Homans found British 
wools much better suited for their clothing than 
the wools of Spam, because they felted more 
easily, and assiduously taught the Britons the 
art of cloth-making. ‘ Authentic proof of this 
was given by the discovery in Spitalficlds of an 
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mH? Roman sepulchral monument erected to a 
aoldfier who i* represented with a short kilt and 
aid. Shattering though it may be to a proud 
ighland boast, we are compelled to believe 
that the Tartan kilt and plaid, so glorious in our 
military annals, originated somewhere on the 
hanks of the Thames. 

WorK of a King'* Daughter. After they 
had conquered England, the Saxons, wooed by 
the beauty and richness of the land, settled 
down to ’ peaceable pursuits. Fanners and 
cattle breeders as they were, they recognised 
the vad ue of the British sheep, and developed a 
wool trade with the weavers on the Continent. 
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William of Normandy knew that the weavers 
of Rouen and the wool merchants of Caen were 
frequently hampered in their trade by the 
fluctuating restrictions im)H»*ed on wool exports 
by English kings. Wen* the two countries 
united, thorn* restrictions could to a to I idled. 
That William had economic as well as political 
purposes in his mind when lie in\ ailed England 
is proved by the fact that he brought with him 
a company of Flemish weavers and settled them 
in S pi tal Helds soon after the momentous victory 
at Senlac. 

An Industry of Native Growth. From 
this point the history of British woollen nmiiii- 
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S« large became the demand for English wool* 
that Ine, the good king of the West Saxons, 
about 094, thought it wise to order that “ a 
sheep and its lamb be valued at a shilling ” 
Another of Ine’s laws prescribed “ that the fleece 
alone he valued at two pennies— that is, at one- 
sixth the price of the entire sheep and lamb.’ 
King Alfred’s mother is described as “ spinning 
wool/’ and the great king himself did much to 
foster and consolidate the trade. Alfred’s strong 
and war-like son. Edward the Elder, who began 
to feign in 901, “ sette his sonne* to schde and 
his daughteris he sette to wool worke.” 

There can be little doubt that the high qnality 
of English wool, and the wealth it brought, was 
one of the chid causes of the Norman conquest. 


fact ure branches out info many diverse 
channel*. It i* the history of numerous different 
trades, each developing cm it* own line*. W« 
sec*, however, that the industry is of native 
growth, no alien craft transplanted from foreign 
soil. Stimulated and strengthened by migration* 
of skilled workers from the Continent, it has 
been English in the main, w’ith the English 
character stamped deeply into it. This is more 
important than at first may seem. Aptitude is 
inherited, and while a foreign craft may to 
mechanically performed, the trade which utilises 
familiar things grips a man, and impel* him to 
give his whole mind to the work. 

Taken by themselves, the fibres of wool, soft, 
silky, serrated, and curling, are natural products 
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of Util* rata* ; ha moat hare bam a great poet 
who now in them the potent ialities of cloth. 
Labour, labour of brain and heart and band, » 
the one and only ** philosopher's stone ” which 
transmutes the common things of earth into 
source* of human 
wealth and joy. 

Process of 
Manufacture. 

* The task of the 
woollen manufac- 
turer in to con- 
vert wool fibre* 
into Home kind of 
faliric. Monr he 
could not do it. for 
the tank involves a 
long senes of pro- 
cease* carried 
through in rapid 
MucccMfiion liy 
skilled workmen 
and complex ma- 
chine r v* The 
master of his craft 
knows every pro- 
ivas, but as a prac- 
tical workman he 
could otilv attend 
to one. The vic- 
tim of this long 
aeries of ojicrat ions 
is the w»wtl. In 
the form of a IIism-c 
it is tiling on the 
sorter's lauich. and 
broken apart into 
twelve or fourleli 
different quali- 
ties. according to 
t he breed or variet y 
of she '|i, 

When a Img haa 
lieen filled with the 
quality in demand, 
it is hurried off 
and tiling into the 
steeping pan* of 
hot waterand soap, 

“ soused,** lifted 
out, squeezed, 
and thrown into 
the semiring rats. 

After firing forked 
about among the 
scouring liquor and 
sent out of one 
both into another, 
the last tilled with 
clean warm water, 
the wool is finally 
dried. 

Boon the scene changes, and now the wool 
is thrown into noisy machines ; tt puns 
through one that leant alt its locks apart with 
fierce teeth, and into another that searches 
through every fibre for bum and thorns ; then 
It is boms onward into the grip of a machine 
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all classes or wool. 

(The figure* after names indicate average length.) 


I. Merits* Lambs, 34 in. 

3 . lamtis, Nouth American, 

1} in. 

8. Mertm> t.rouy, »«jei-cl«th* 
ing. mi 

4. SttwNX IWnm $ in. 


with little spiky rollers which pinch 
nod draw, loosening the clmgmg hold of fibre os 
fibre, and, passing through a ssnss of the* 
machines, comes out a long soft rope. TIs 
wool has now changed its form, and at tin 

point may be sen 
in one of two direc 
tions. It ma; 
either be put o 
the combing ma 
chine and prepare 
for being mack 
into worsted, o 
it may be set on 
the condenser for 
manufacture into, 
woollen yam. If 
destined * for the 
condenser, the 
sliver, as the soft 
rope is called, is 
wound on short 
drums, which are 
hung at the end of 
a long machine, 
fitted with brush 
cylinders and rub- 
l»er rollers. The 
brushes gently lead 
the soft slivers 
under the rubfier 
rollers that roll 
and oscillate, form- 
ing thick threads 
which an* wound 
on to large l>ob- 
bina. 

Tbs Thread. 

Now a thread , the 
wool goes to the 
spinning machines, 
which draw out 
and fine the 
thread. 

When of the pro- 
per fineness, it is 
reeled into hanks, 
end is yam. Mean- 
while a designer 
haa worked out a 
pattern, and in 
obedience to his 
plan, sections of 
the wool are ta- 
ken, some to be 
bleached, some to 
be mordanted, 
reddened, black- 
ened. purpled, or 
crimsoned, in the 
dye-house. Then 
all are brought back to the winders in the factory, 
who wind one part for weft on shuttle oops, the 
other on to bobbins for the war p e r s . The yarn is 
warped, d re sse d , wound on a weaving r 
heatdsd, then mounted on the loom , 1 
woven into Hoik. Though the wool 
doth, its troubles are not over. It most go 


f». Alpaca, ?| m. 

ft. <»ma*y Kits botany, 91 in. 

7. Ihrviot, 41 in. 

ft. Skin or tfcnwt Wool, 1 in. 

J*. Unwr Kiaet'naftlimt (Aw- 
traliaa), 9 m. 
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through ttie finwbriig procenef, be buried* filled 
with soap, nulled, t end ed, ahorn, steamed, end 


Such, in outline, me the lend mg featum of 
woollen doth manufacture. Them ere other 
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e clem by themed re*, end ere peculiar to the 
woollen industry. Some description of them im 
therefore, necessary here. 


processes, similar 
in many re- 
spects, but diffe- 
rent in others. 


pmeea*. Combing 
wools are. by impli- 
cation. long, and 
the comb is em- 

for the making of 

V . , 

ployed to sort out 

worsted cloths. 

t ' j * 

those fibre* not up 

felts, carpets, and 

- 

to the standartf. 

other fabrics. We 

*' 

The noil*, as the 

shall meet with 


rejected fibre* have 

l heee in their proper 


lieen named, are 

place*. 

*• 

ot lierwise good, and 

Materials. 

. ' g 

may lie mixed in 

If the woollen 

* r* * 

w ith the same class 

manufacturer were 

* > * % 

of wool for making 

allowed to operate 

^ *• ■» * 

woollen cloth, or, 

on pure wool alone. 

v 1 / 

. ’ \ % 

if broken, may !*e 

In* task would be 

handed over to the 

a comparatively 


felt tiink ing or 

easy one ; but 
motlem condition* 

r\ . 

shoddy depnrt- 

* ' 

. , men!*. 

make far larger de- 


Shoddy, Manu- 

mand* and require 

. . V\ 

l • 1 u* 

foct urer* pleasant 1 y 

him to utiliae with 

t 

name sh oil dy 

understanding, not 

} ■ V* 

1 ‘ man u fact u red 

only the numerous 

V, 

wool," The term 


classes end Varie- 
ties of wool, but 
al*na large number 
nf other kind* of 
raw material*. 
Nearly every tex- 
tile film*, in fact, 
eomea into the 
woollen industry. 

Tlie reason* for 
thi* are variou*. 
Sometime* a cloth 
ha* to la* enriched, 
and *ilk i* em- 
ploy'd : in another 
case, notably car- 
nets. the warp mu*t 
I** a fitrong mate- 
rial. and linen form* 
the warp ; to lighten 
and cheapen the 
fabric, cotton, noil*, 
shoddy, mongo, 
and extract are 
mixed in. 

The raw mate- 
rial* of the woollen 
manufacturer are 
c la med under three 


\„ 

S' 

• / 


? 


1 , ^ J 
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ALL CLAMFS OF WOOL. 

(Th* figure* after oa mm indicate •veragt- length.) 


I. li&cnln Hog’*, 104 in. 
i. lamter Hug'*, If in. 
3. Yorkshire Hug *, 10 in. 


1. Animal Finn. Wool, hair, and *ilk. 

2. VtoniBU Fkbbh Cotton, flax, hemp, 
and jute. 

1 Axnncui. Finn Noil*, shoddy, mongo, 
and extract. 

The two find dime* ate easily identified, and 
we ahali be thoroughly familiarised with them 
in due course ; but the artificial fibres belong to 


is N|M*rioUNly de- 
scriptive, for the 
material i* made 
from wool* winch 
h a v f* p a * s e d 
through the pro«Ts** 
of mamdocturc. 
Soft womted rug* 
of any kind - old 
kicking* or noft 
doth* mode from 
Infix stapled w'ool* 
— an* cleansed and 
tom into soft Huff 
in a machine rc- 
scmMing the wil- 
low. 

The fibre* are 
spun in tlu* usual 
way and made into 
cheap doth*. A 
famous manufac- 
turer has eon tended 
that manufactured 
wool or shoddy is 
lietter for making 
superfine broad- 
cloth* than raw 
wool. In general, 
however, shoddy is 
short in staple, brittle and unreliable, and must 
be clamed r s an adulterant when mixed with 
wool. 

Mungo, Hits is an inferior shoddy, made 
from hard, felted, woollen cloths. The short 
fibres of the cloths are still further broken in 
the tearing proce s s. Mungo is therefore of little 
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4. Mohair, ft in. 

h. Kngliab (imuy Luirirr, in. 

<>. Irish Hoy’*, ft in. 



textfle tain* ; bat when mixed with low-clew 
«4 H make* cloths of fairly good wearing 
quality. 

Extract. Extract is the lowest possible form 
of textile Abes. The bulk of it is obtained by 
consuming with sulphuric acid the cotton warp 
out of mixed goods or onions, as they are called. 
The woollen residue is extract. 

No animal has a wider geographical distribution 
than the sheep. Protected by its woolly coat, 
it roams over Iceland in the north, India and 
Australia in the tropics, and Patagonia in the 
frigid south. It feeds on grasses, heaths, mosses, 
and the tender shoots of many trees, l^and* 
otherwise useless will feed sheep ; sheep can live 
anywhere except on the dry aesert, or on the 
still more barren snow field. Like ail other 
animals, the sheep is modified by ciimste and 
feeding, so tlist the sheep of the Rocky Moun- 
tains hears little resemtiianoe to the (licviot. 
Rut, however much they rnay differ in siw and 
superficial npjiearanrc, all true sheep give wool. 

CLASSES OF WOOL 

Though not inure than a tithe of the sheep 
breeds supply w<»ol to the world’s markrts. the 
variety of wools on the Kirhange is large enough 
to tax the *ktll and experience of the most 
expert wool buyer. To the Britmh markets, at 
London, Bradford. Iannis, Huddersfield, and 
elsewhere, come wool* from Spain. Herman v. 
Austria. Russia and France, in Europe; (ape 
f ’olony and Natal, m South Africa ; Port Philip. 
Sydney, and Hrixlatne, in Australia ; from New' 
Zealand. India, and South America. In addition, 
the 1' lilted Kingdom itself annually produces a clip 
of over 1 44 M Mi, (MM > lb. of different classes of woof. 

Rtiasian wch»Im, owing to the width of the terri- 
tory covered by the name, comprise many 
vanctio*. from the soft curling ringlets of the 
Astrakhan to the short felting wool of the 
Iceland sheep The chief contribution of Spain, 
wwlly diminished of late, is derived from the 
famous merino sheep, the progeny of which, in 
Saxony, Silesia, and Australia, now produce the 
finest wool*. The merino is a large sheep, it* 
whole skin, from the tip of the nose to the end 
of the tail, living covered with a soft, tine wool, 
averaging from three to live inches in length. 
Political and social unrest have now impoverished 
Spain, and the breed of sheep there has deteri- 
orated, Early in the nineteenth century, the 
sheep- breeders of Saxony and Silesia imported 
Spanish Merino*, and by careful breeding 
improved the stock. As a result, those provinces 
give names to the highest qualities of wool. 

The Hne ness and lustre of the wool* of Ger- 
many and Austria have greatly assisted woollen 
manufacturers to produce cloths equal to mohair 
and alpaca. Closely rivalling the wools of 
Saxony in quality, Australia sends large quan- 
tities of wool to the home markets. In 171*8, 
Captain Macarthur, with commendable foresight, 
introduced a small Hock of merino sheep, three 
t*®* and five ewes, and succeeded in acclima- 
te*®* them, with the result that the breed spread 
nil over the Australian continent Despite 

To be no 


droughts of phenomenal severity, the sheep- 
breeding, woof-producing industry has flourished 
in Australia, and in the year 1904 the Com- 
monwealth sent to the London market wool 
to the amount of over 200,000,000 lb. 

French wools are chiefly remarkable for their 
purity of colour, French wool-growers having to 
compete for the custom of their own dyers, the 
most fastidious colourists in the world. 

Argentina is the largest South American ex- 
porter of wools to this country. Though equal 
in quality to the best British wools, the fleeces 
are dirty, irregular, and unreliable. Alpaca and 
vicuna come from Peru and Bolivia. 

C hpc Colony bids fair to become, in the near 
future, a kind of universal provider to the wool 
consumer. Mohair, alpaca, merino, and the 
native fat-tailed sheep seem equally to flourish 
in South Africa. At present we derive from 
that region a l>out 70,000,000 lb. annually. The 
wool* of India are crisp, deeply serrated, short, 
and strong, indisjiensablc to the manufacturers 
of felt* and carpet*. 

British Wools. The largo variety of 
British ah«t*p breeds has been, with difficulty, 
divided into two classes — long- wool led and short - 
wool Jed- by writers on the subject. Practical 
men. however, do not accept the chins Mention 
implicitly. A better, though not f lerfrctlv 
aecurate, division is given under the terms 
carding and combing, ('anting wools are short, 
serrated, of good felting property, and used in 
the manufacture of woollen cloths, tombing 
w'ool* are the raw material of the worsted manu- 
facturer, and have fineness, length, lustre, and 
elasticity as their main qualities. 

Uncoln. Leicester, Romney Mnr*h, and Black- 
face sheep produce the bulk of the combing wools; 
the Shropshire, Oxford. Hampshire. Norfolk, and 
South IXiwns, and Welsh and Shetland Imbeds 
yield mg carding wool* ; I>or<e s and Cheviot* 
may lie grouped in either class ; Uncoln wool 
i* long, lustrous, silky ; Leicester, tine, elastic, 
lacking in softness and lustre ; Blackface, long 
in staple, coarse in fibre, suited for heavy cloths ; 
Cheviot wool is fine, soft, of good colour, and 
medium length ; Israel is weaker than Oieviot. 
but otherwise similar in character ; Shropshire 
Down gives the best carding wool*, clean, lustrous, 
flexible, and of good felting property ; Norfolk 
ranks next, the wool being highly valued for 
general textile work ; Oxfords and Hampshire*, 
long-stapled, hut coarse, suitable for rough 
wWlena, carpet* and flannels; South Down 
wool is fine, but harsh and brittle. Welsh wool 
is lacking in curl and fineness, but serves to make 
good flannels, Shetland wool, curling, but 
deficient in serrations, almost hair-like, makes 
a good knitting wool, and some hosiery manu- 
facturers specialise with it. 

These classification* profess to be no more 
than pointers, and as such afford the student 
useful guidance. But sheep farmer* m con- 
stoutly improving the flocks, crossing one breed 
with another, and importing fresh strains, so 
that the classifications of yesterday are un- 
reliable today. 



A SHORT DICTIONARY OF THE TEXTILE TRADES 


Aljgjg rinth fi««i wool of PeruvWa 
Angwa—Octh from Angora goat wool 


MU Package of cotton, wool, or 
other raw flhtw 

Ealing— Pwa toy cotton or wool into 
•mall bulk. 

Band Toni of spinning spindle 
Bank - Hobbin frame. 

Beam Wooden cylinder on which warp 
Is wmi'.d tn loom. 

Bamming Winding »ar|i <ut twain. 

B mating - opening and cleaning textile 
niim 

Bengal- A striiwrf tmulin 

Binder l**ver of shuttlehox. 

Btnk of cotton ready for mixing 

Blind-weaving Loom - Loom with 
unit' «xr|> 

Blower - Machine for spreading textile 
fibre* 

Bobbin Spool Iwaded at l»*th ends for 
holding yarn. 

Bobbin and Ply Frame First machine 

in spinning process , see stubbing, 
roving, drawing, dr 

Bobbin-laee Lm-e made by unwinding 
thread from Utblmi* «h» t«* pitta itiu'l 
in a pillow. according u» pattrru. 

Bobbin-stand Frame holding u»bbin* 
from whu it warp is formed 

Bobblnet A net lat e 

Bolster m ..f spindle iii apinning 
frame 

Bolt Narrow roll of cloth. 

Bombazin Fabrh of mixed wilk and 
wool 

Border Selvage. 

Borden - Narrow cloths and lacea. 

Brattlce-ClOth Heavy tan van foi 
mine ventilator*. 

Breaking Forming wool flhrt* in long 
lengths. 

Breaking Shortening flax fliimt 

Breast -beam Cloth heani on a h*»ni 

Broadcloth -Fine woollen cloth over 
twenty nine inches wide. 

Brocada— silk fabric ontamented with 
•liver or gold 

Brussels Kind of lace, imitating 
Brussels point ; carpet. 

Buck lUeu hinv liquor ; linen In find 
•lage of iilearhiug. 

Buff A strong rough felt. 

Bundle— eo,(ioo yards iff flax yam. 

Bun tine -Printed cotton. 

Burlap - Wrapping canvas made of flax, 
hemp. nr Jute. 

Burling Picking threads and kinds oft 
cloltx 

Burring Removing foreign vegrtatde 
matters from textilea. 

Burr Waste of raw silk. 


OALBMOCB— Smoothing and press! ag 
cMh. 

Com brie -Fine white linen cloth. 

Camlet - Bough doth of comers hair ; 
fabric of mixed wool, cotton, and silk, 
with wavy surface. 

Can— Tin cylinder holding sheers. 

Canton flannel— Cotton immeletu 

Card— Machine for dtaeot a agto g and 
ranging textile three , lap or sheer of 
carded fibre*. 

Carde— Perforated slips of card need In 
the janqeard appamtaa 

Caghmara Woolof Tibet goat ; a toe 
worsted doth. 

Chain wor k - H o s ier y fabric. 

ClMmks— Pattern mads by cruatog warp 
and weft of dhlereat coloan. 

OktesMlia — Woollen imitation of 


CktatX — Pine eaality of printed calico. 
Chip -Straw plait. 

Cl naf fill* bnmhteg Iiisi hine 


O — P flr fcoUm ta carding machine. 

Ciaartr -ftUk torn. 

Clearing- Whitening un printed part 

uf calico. 

Claw- Thread of warn or yarn 
Clawing- straightening warp threads. 

Clip' The whole wool of a Bock ; the art 
id shear! ug. 

Coek-a-bcndy— Tool for twisting rupee 
by band. 

Comb Machine for separating libras of 

textile* 

Comb Hat former 

Condenser Het of * Mediating rollers 
for reducing the silver 
Cop small cylinder «m which yarn is 
wound 


Copping-rall • tVrfdrtu rwet on tlie 

throstle spinner 

Cord Pabrhw with curde«l surface 
Cording vi I lug the h eddies. or hesld*. 

m the 


Cram cimr warp. 

Crowal Two-thread worsted 
Cut A length of yarn , yards 


DAMASK Figured linen 
Damper Hurnldialng or spraying 

hue htlie 

Devil Hug tearing machine . flhrr 
i h ailing ntarhtne 
Diagonal Twilled wool leu cloth 
Diaper Mnall < loths With dant'ukcd 
figure* 

Dimity Mrong cotton fabric, corded 
Discharge-style Method of calico 
print mg 

Dividing-sinker* Ap|**iatu« on knit- 
ting rua< hlticM 

Doffer tomb <«» cylinder at end of 
carding nm< hlne, 

Doubles shoestring rl»d*on* woven 
from doubled w nr|i 

Doubling spinning or tw luting strand* 

of * at n into one 

Draught Airaugtmrnt of tin- braid* 
or hrddlcs 

Drawing Putting the warp through 
the heddltw 

Draw-boy Hoy who pulls warp 
thn ad* in hanieas weaving. 
Drawing-frame Machine bv which 
textile thread* an- attenuated. 
Drawing-roller Fluted roller id the 
drawing frame 

Draasing strengthening yarn with 

Starchy *ut«Uuj<« 

Drill Heavy t willed cotton faliric 
Drop-bOX Shuttle -box automath all) 

delivering shuttle* as required. 
Dunging Removing «upvr1lttou4 mor 
ilant by dung. 


BDQIMO- Narrow lace. 

End — hliver, thread, carding; W'rreted 
yard In Rruseela carpet 

Ex treat -- Woollen material derived 
from union clot ha. 

Extraetor-Ceutrifugal drying uta 
chine. 


PAMOV-A (blinder oft the carding 
machine 

Paad-elotb- Apron leading fibre* Into 
machinery. 

Pall End of wet) 

Fait— < loth formed by treating flhrea 
Ugrther. 

FUa-drawi»g— Hewing up faults in a 

weave. 

F inge ring— Thick worsted yam eomlmd 

out 

Flai*htog-oard— Last carding - machine 
in aana 

flMUMl— Raft, — brtnkalde, wooileti 


Flax-tow material of tinea. 

F l aaaa Wool of <m* Mme*. 

Fl ye r Doable book bent over bobbin 
no spinning frame. 

Flrer-ftalh* ifortaoutei lain which 
heats weft Int 


Flo a ti Thr ea d s crossing without inter 
PSaS^Mto fabric painted 


Floa*— Ravelled down ofl the silk omwm. 
Flf-thuUla — Shuttle mechanically 
driven. 

Footing- Plain lace, 

Pnuna - Head uf batten In loom. 
Priam- Rough woollen cloth. 
Fringa-Ioam- Loom on which fringes 
or triimed clotit ta woven. 

f rlxi lift Up nap of cloth 
ulling Heating ch*th in fell Uma Is 
together. 

Fustian Htmng twilled cloth of mixed 
cotton and linen. 


QALOOM Htlk,w)«dlpu,oi mued braid 
Gasslng-fraroo Machine to! burning 
Imwr null from varus. 

Gauxa Light silk or oullon cloth 
Gtg-alll Machine which roughens up 
tnr nap of doth 
GUI ranting of flax 
Gill-box NViHibcomhing machine. 
Glmmar Ewe over one year obi, 

Gimp — *lli covere*! coni 
Ginning Freeing inlUm w..ol from 
m-«h|s bv a machine 

Glove Hat maker's tool . a flat piece of 
wood causing nan to adhere to fell 
Grasse loth noth made of rtiiua gisss 
It Ure 

Gray Gooda— Fabrb » ill natural colour 
Gunny t‘)*ar*r Jute cunt ft* 

HAOKLI Hte»-I pin used for at might err- 
ing out flbros of flax or hemp 
Hair-gang Hectlon of warp 
Hank— glo yards of wo..! yarn , *40 yard* 
cotton and silk 

Hardening — Forming fell into hat 
*ha|M' 

Harnast Apfmratu* omtrolliug warp 

Oil )oo||l 

Hasp nplndle 

Hawser-laid Rope of three strand* <rf 
three y am each 

Heck 0 tilde regulating spun yarns In 
ret ling, warping, twamlng. 

Heddle Eyelets In bsiped t-onls hung 
vertically from transverse liars, aid 
;r»e<l to « arry the warp 
Hear A length «»f yarn, equals two rut* 
Hurdle How ing trench of hat feller 
Hydro-extractor ontrtfugal drying 
marhlne 

HflCMKAIIfl Dye in Uw wool 
IlAUAfi -Hallntsed ooittni doth 

JAOK- Pivot Issr of knitting mat hlne 
Jack-xtnkar Plate* moving on jack to 
fmrm knitting Imp. 

Jack frama MHvwr twi#ur, 

Jaan - Twilled oiUmi clotli, sometimes 
mixed wis»l and unUoo. 

Jlggar Pelting machine. 


KEIH Bleaching vat. 

Katnp Haim among word. 

KaPtay - Ribbed Cloth of lag staple 
* 0)1 

Kawaymira -Light woollen twin with 
oil ftntab. 

KiddarmtaiUp— iFrutde warp cloth 

Knitllng-knfT— M lagwl wheel acting 
mi yam la kaHtlag machine. 
Knotting— Pkdrtag oat kaou In rk*h. 


UDfl-iTasssI uf water-power 

- Woollen fmtution 


Lap -Web at aarded word, 
llpptr — Cloth Holder. 

Lapping— Blanket of caHco-printlag 
machine. 

Thong binding warp cord* at 


Latah- Hinged book of kniuingmeedla. 
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LiU>»~W<ml<B fltnu driving »eft lato fitUrB*be*~Boi delivering shuttle* 
warp according to pattern. 

UUtM-<arHiP - Indu e s Wit Crf Persian Lhrht silk. 

wmidae atrip* aamtMf cotton. rinlio Cerpet~i*rpal U** 0 

Lay -Of amm, lift far* ; Umi. wo *«i> and tofta of wool tor weft* t 
jjjto; mpe, tW *tyU erf taytiw tW Patent iialaiUr- InrfUUoe Fenton 

L» t e p Cun ta el MoW «rf *wrf W* PkX^A thread of weft, 
dtoww the twtofcag row nf rar Ntktr Whw r imer ; MteUle drivsr. 

P icker p eg -Wooden or leather peg 

erf Jirfk that itrUrtti tW rfWUi 

Hm IQ yanto mato, W yard* wM e o , 

Wnntottaen. 

WaMto# gootoerf Am* pit* 
loo, yawar Ww r Motto 
“ * ~nrfng Mt bodies 


Storing— trying in hot air. 

Strands— Twisted line* <rf which a rope 
b formed. 

Straw plait— Material of atm w bate. 
Streteher mule— Spinning frame ft* 
fine yarns. 

Stratebar— Lace drying machines. 

ssisassst eokmred fabric. 
Strop— Doeble-eyed tope for twisting 




amber of farm la a thread. 

it - Lace w ot ted with the needle. 
U- Heedls* to a knitting machine, 
it -thlfeo printed. 

Snider of lifting Made* RADOU -Warning guide 

roalded nmh of taas* wive. 


Kaad Two 

wt In the kiom lathe to beat the weft 
Into the warp 

Reading Putting the warp through 
iwnarap the rverl 

canvas «u»*r«d with ftaet <’«*» on which Alevs, yams, 
threads, or cloths are wound 


- Wire* *4 Jacquard ap 
l—tfcih made trf Hat •* hemp 


Uhyy^uey^^ <rf mu**d itnm 

UgHTto thread . softened linen ft* 

Jailor fed at toft «rf dye or mordant 
Jfll* Pine lace 
jit Mndiig lewder trf well 
Jst Wce*| left gap «rf the ropr maker 
Buna Wool ufThe llaaun 
-Oil#- wool - t ombing wmrf 
<OMH w earing marnlne 
dOMllUer wed* at entl *4 looping 
wires. 

Looping wtrao * Ire forming Wipe trf 
t a pes try narpeta, velvet and plush pit* 
Lustro * Highly finished < loth of n*Um 
warp and w»w4l*u weft 


&:* 4’orded fabric 


Lace made fnen 

twine 

Madder stylo -Printing calico with 
imwdant 

Mangle l aletidering machine 
Matting Fateh made of ta». coir. 

Jute, tar plaiting or weaving 
MgPOOPiOO fitvuig textile llfirea a gkwa 
Mofino Wot 4 |< merino sheep 
Ifarlao Pine dress rhtth made trf 
merino w<»4 

Mixture# noth made trf mixed yams 
Mordant Metallic salt A ting rtrfours 
Mountings — PhUem fortntng appara- 
tus *rf the loom _ 

Mala hpinnli# frame which draws and Shuttle 
twists roving* weft t*»p acmes the warp 

Manga <Toih made of Ohret derived SlngOlfl# Removing the fluffy 


taslst-styl# Method erf calico print- 
ing 

Ribbon Nain»w web 
king- spin nor spinning machine 

dtawing aud twisting thread by ring 

14 (liM 

Rook Hand spinning staff 
Rope t ord mads <d i**»tton flat, hemp 
Jute, and wire 

Rovings Olivers rwdunri hy drawing 
and twisting for spinner 
Rug Rough wiedlett fatale 

PAftOMMCT Haln silk Hide 4i 
Btoon ImlUthm satin 
■tin Hmouth. bright silk eloih 
.. -loom Narrow bsmt 

■ibblOF - 1 lrst canting mat lilitc 
4m ping bar— kegnlaltir i4 the feed 
to a calico printing machine 
Sting* Mtnmg edging «rf »*h 
Sotting Placing the |u1nl*d wsrp of 
tapestry carpets. 

Shod Hpftv Wsreti U«r upftrr and 
lower halves id the warp 
Sh taring t’ftttlug the nap of fatelr* 
e\en 

, ('inttmoa calico 
«4oth made from worsted mgs. 
I single thread id weft. 

Shroud -tala hope mode trf four 
strands 


r>en 

par.« 

Shot A sit 


W lenten boat tarrying the 

_ ta 

gassing 

Six* Uiuliwwi substance for droasJng 
yarns. 

Sian vo Tangled mil 

pi hr Sliver— ibrft rope nf Abre formed uo the 


from old woollen rags 

MAffKRfffff <Tuth natr of yellow 

euMsm. 

Mow Plm* hairy surface of cloth 

ul valval or phMh cattlmg nun*. 

H ood Jo- loom - Loom In which a needle Slutting Reducing silver to uniform 
serves furahntUe. sisc 

Needle- wmrp -Additional warp, paroed Snick A knot, 
through needle* act on a transverse Souring- (Weeping calico la dilate 
lath Mrfntbwi of sulphuric arid. 

Mot- Ufa homed by netting Spindle Rod axle of ron4vii* spool. 

Mptlltn# Twtnlag two topes into mm cog, «* bohhta 

I textile Km. Spinning— brewing not three into thin 


thieaifts, 

Spoon - Ant m aa l k ahpnaUm of the 
dm wing frame 


Staff— Commercial name for fabrlca. 

Samt— ImHan cotton of a ooorae kind. 
SwiJUdOWP — A flogy cotton doth. 
Swmi-Rod tor honking yam. 

TAM— Arm at the falling dock. 
Tabby- Watered sUk. 

Tnko In— The motion of the cloth beam. 
T&mboui^Kmbrcddcry or fancy went* 
log apnamtna. 

Tape— Narrow fabric. 

Tapostry-A light kind of carpet. 
Tanty- Hindu loom. 

Tartan- Woollen cloth of ennsed and 
cliet|tiered patterns. 

Tatting Making a kind of lacp 
Toaallng - Ruffling up the nap of cloth 
with thistle trtirrs 
Tartar- L**«n mechanic 
Tontor frame - Pmme on a hich fabrics 
art* stretched and dried. 

Tew Pressing 
Thirl Hind or tie 

Thread Twisted yam . sewing oord. 
Thread frame Ismhling and twisting 
mill 

Throttle Ring spinning frame 
Throwing spinning and romhinlng 
silk yarn 

Thrums w **ft ends and hmkeii warp 
Tow 1 uft «rf fllire 
Towelling I ••arse linen clotli. 

Tram ‘♦Ilk weft 

Tufted carpet Patent Ax minuter 
Tweed light twilled Woollen fabric. 
Twill tahri* ha\tng tin want and weft 

twilled 

Twine Turning fibres or yams round 
vm li other 

Twisting Forming one thread from 
m trial strands of yam by twining 
them 

UNION ( loths made from mixed 
yarns cotton w«*?|, et< 

VALANOR silk fringing 
Valcnetennes Lace of hexagonal 
pattern 

Veiling Flue lacy fahiuw. 

Velure Hnnstthiug and lustring the 
silk hat 

Velvet Hllk pile fabric 
Velveteen- 4%rftoo imiuti<4) of vehet. 
Venetian A kind of warp raised carpel 
Vtcunm <*kxi) made tram woo] of 
Htrflvtan ihtrp. 

WALK-MILL Pulling mill 
Warp -Threads on which the weft is 
woven to form doth 
Warp beam- Roller holding the warp 
Warping - W'mdlng the warp from the 
vara txwiMna. 

Waste - 



ir Was for spin- 

Weaving -Ouesin* warps hy weft am a 

loom. 

Weft Fabric wwa 

Weft -T hr ead eruesiwg the warp. 

WlllOW -Machine ft* rWamag textile 


Pnefetahaat— Comae eoHo 
ekah eomriag tor telea. 


w 1 m frame 

iiTwr. 

|T Lock or toft of fttwe. 



Wl tPC - Velvet pile oarpeL 
Wtneer-tToU m a de «rf eottoa warp 


Winding— Odllag yam on a bobbin or 
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A GREAT IDEA. THE PRICELESS ASSET OF THE WORLD 

By Ernest A. Bryant 


THE world is ruled to-day. as it ever has 
* bean ruled, by the men of ideas. Behind 
the throne* of the great Powers they stand, 
directing the hand whioh nominally wields the 
sceptre. In the great republics the men with 
idea* are they whom the nations choo*c. In all 
land* where government is pure and for the 
greatest good of the greatest number, the high 
office* of State are held by the msn with brains. 

Lineage and academic distinction shrink to 
insignificance in the fires o*f modem competition. 
Were it otherwise we could not have seen the 
scion of a village postman upon the Papal 
throne ; the descendant of a line of peasants at 
the head of the French Republic ; or a man who 
began life on a small railway negotiating matters 
of the most vital importance to Russia The 
poss e ssion of ideas has become a man's richest 
asset, provided always that he has the practical 
turn of mind rightly to apply them. 

The Birth of an Idea, No man can 

command the birth of an idea. They come 
and they go, these will-o'-the-wisps of fancy, 
and no man knows whence nor whither. Their 
advent may be wholly without the volition of 
the brain in which they are bora ; it is for 
the brain to see to their retention and use. 
Men's minds vary in degree of reoeptivity and 
retentiveness, as one photographic plate differs 
from another. For one plate the merest glimpse 
of light enables it to record an object within iu 
focus, no matter how swiftly that object move ; 
the other needs long exposure and steady light 
before an im pr es si on can be received. Both 
plates are essential to the photographer's art ; 
the one for rapid movement, the other for still 
life, dim interiors, and e ve r y item of detail. 

So it is with men. To some, ideas come, com- 
plete in ev ery particular, like an inspiration — a 
melody which shall sound throughout the world. 


a revolution in mechanics, in locomotion. in 
ahstract science. Another man, the movement 
of whose mind no stimulus can accelerate, 
ansi mi lutes an idea by laborious mental proem*, 
but bring* it in the end perfect to it* work. So 
wc find the broad line dividing the genius from 
the plodding, unwearying thinker, the jioet from 
the caution* philosopher ; the Browning from the 
Gray; the Macaulay from the MerWl Spencer ; 
the Edison from the Singer; the man of a 
myriad scheme* from the man of one grand idea, 
slowly and with vast effort won from nebulous 
gleam* to coherent reality. 

Idas* In History* Life run* so smoothly 

now, that originality, the superficial think, 
cannot possibly deflect its course* to ways still 
smoother. So the superficial thought in all 
ages, deriding and persecuting the pioneers of 
change. But history teach** that the revo- 
lutionary and the visionary of to day in science, 
in commerce, in politic*, art? apt to he found least 
advanced among the men of to-morrow. The 
discovery of the possibilities in steam accom- 
plished a greater advance for civilisation than 
anything previously done for the improvement 
of locomotion from the beginning of time. Hir 
Robert Peel, on forming his first ministry, 
travelled from Rome to Umdon to assume office 
as Prime Minister, exactly as (Constantine had 
travelled from York to Rome to become Emperor. 
Each traveller had all that sails and horses could 
do for him, and no more. A few yean afterwards 
the humblest steerage passenger had at his dis- 
posal the means of reaching Rome from London 
within a few hours. It was the result of an idea. 

The basis of the idea was not new. Nigh upon 
two thousand years before, Hero, the mathe- 
matician of Alexandria, had designed the first 
steam engine. It was an idea which enabled 
Napoleon to throw an army— horse, foot, and 



artillery — serose the Alp*, and, sweeping like * 
hurricane down upon Italy, ley her conquered *t 
hi* feet. Hem wa* another idea which bad lain 
dormant «inee two hundred yean before the 
dawn of the Chrietian era, when Han ni bal, with 
horses, elephant*, and 90,000 men, ensued, first 
the P y ten ee*, and then the Alp*. A new idea in 
naval attack gam Nelson the victory of the Kile, 
and enabled him to sweep the French and Spanish 
fleet* from th* sea. 80 fertile of moon was be 
that even to-day the naval oritkn am not agreed 
aa to whethar the victorious plan at Trafalgar, 
•o striking and daring* waa that with which he 
origtnafly mtraplatod the battle. 

Haphasard HowoltsHocu Enough, how- 
ever, of warfare. Our pur p oee is move pacific. 
There is no phase of life Sn which the fertile 
mind doe* not lift it* master shove hi* 
fellows. Sir William Haroourt and Lord Oooohen 
would live in the history of statesmanship had 
they never done aught beyond their work as 
Chancellors of the Exchequer. Htr William Her* 
court's Death Duties, although denounced at the 
time by those most affected, have proved one of 
the peetost reform* in national finance ; and 
LorcfOrisr hen's conversion of the National Debt 
waa a signal achievement for one man's mind. 
Once accomplished, reforms such as these seem 
the most obvious solutions of the difficulties 
which disappear before them. But it is the fact 
which stares one in the face, so to speak, which 
most frequently is overlooked. Year after year 
surgeons practising in all the cities of Kuropr 
contrived, bv operations, more or less to relieve 
affections of the ear. One day an accident 
occurred ; a Viennese surgeon made too deep an 
incision and cut the bone. By * happy mis- 
chance a new and important operation was dis- 
covered. He seised the idea. Years of experience 
had failed to impress him with the obvious ad- 
vantage thus forced by accident upon his notice. 

Ideas are begotten, very often, of suggestion. 
There are suggestion* everywhere for the eye 
which sees. Nature is still the great teacher if 
we can but read her lessons. What relation can 
there tw between a tree and a lighthouse ; 
between a leaf and a revolution in architecture ? 
Monumental record exists to-day of a very close 
connection. The Kddystone Lighthouse, which 
has braved the fury of the waves for more than a 
hundred yearn, is modelled on the trunk of a tree. 
Wins tan leys lighthouse had been destroyed by 
a storm, snd Rudeyerd s by fire, when John 
Smeaton undertook to erect a su cc ess o r. So 
narrow was the ledge of rock upon which to build 
that he determined the only course was to root 
his building after the manner of a tree. Just 
as the trunk t* held in place by its root* deep 
down in the ground, so the foundations of the 
new Eddystone were sunk in the excavated rock, 
and fastened them by an ingenious dove-tailing. 
The Eddystone still stands, strong, immovable as 
ever, the model upon which all subsequent light- 
house* in similar situations have been built. 

Thu Crystal ftlaos Crum a Leaf. 

The Oystal Palace, with its light, graceful, 
yet strong design, we owe, not to an architect, 
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but to a gardener with ideas— Joseph Paxton. 
No man in England was able to furnish plans to 
meet the requirements of the building for the 
Great Exhibition, the purpose for which the 
Crystal Palace was constructed. Defects spoilt 
the most promising. Paxton overcame the 
difficulties. He h tad found his idea in his 
An examination of the fine plant the 
Regia had shown him the wonderful 
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the principle upon which this waa contrived. 
What a plant oould do, a man could imitate. 
The old and unsightly heavy ties and girders 
which architects had always been accustomed to 
employ were unnecessary. He showed by 
homely illustration the effect of his plan. A 
splinter of wood may be easily snapped if its 
ends be pushed towards each other ; but a great 
force is required to pull the ends asunder. So iron 
and glass came to take the place of wood and 
stone, and a new system of building was intro- 
duced— by a gardener. 

Brunet and the Worm. From such 
insignificant sources do great creations spring. 
In the dust of the earth, in the industry 
of a worm, in the colours of a soap-bubble, 
the great mind finds that which aids him 
some way further to read the writings of 
eternal laws. This is no mere flight of fancy. 
In the very dust is an exquisite story of the 
marvellous provisions of Nature to give shadow 
and tint ; in the soap-bubble Newton found that 
which gave it a legitimate place among the most 
curious of optical phenomena. And the worm ? 
It taught us sub-aqueous tunnelling. From the 
loginning of history the teredo or pholas, the 
soft white worm which lives in our harbours and 
the mouths of rivers. Had pursued its destructive 
course, boring its way through the hulls of ships, 
eating the defences of harbours. It had even 
brought a whole country to the verge of ruin, 
when it so perforated the piles upon which 
Holland relied for its defence from the sea. No 
man had seen a virtue in the worm, none had 
lieen able to glean an idea from its wonderful 
work. Then there came Brunei, who, watching 
its operations, saw how he might construct his 
tunnel beneath the Thames. The worm, he 
learnt by close watching, encased itself in a cal- 
careous tube of masonry as it bored its way into 
the timber. Herr was the fountain of his 
idea. He set men to borc with rods 
into the mud from a shield, which was moved 
forward as they made their way, and a brick 
arch constructed in the rear, in exact imitation 
of the calcareous tube of the worm. 

How t Grant Brook water wan Built. 

Bo the seeing man finds his mspirsUon. Lessons 
such as these are everyw h ere to be gleaned by 
the observant. Take another instance, not less 
romantic. The engineers who built the mighty 
breakwater at Cherbourg noted with what 
strength c ommon mussels cement themselves 
together, a dherin g to rocks and stones or any 
•olid substance which happens to lie about them. 
Taking advantage of this knowledge, they saved 
themselves the trouble of extending their sub- 



marine masonry indefinitely. They deposited 
in the aea at the proper placet huge quantities of 
loose stones. I pon three they tipped tone of 
lire mussels, knowing well that the shell ‘fish 
speedily would spin their string-like webs and so 
bind together the stones with a cement mote 
durable than any man could make 

Paxton was not the only man of his generation 
who knew the mechanism of the Victoria Regia ; 
Brunei was not the first to o b se r ve the pro o es s 
by which a soft, gelatinous worm made its way 
through oak timbers ; their knowledge on three 
subjects was commonplace to the botanist and 
the naturalist. It was the application of the 
idea which was startling. Ideas occur to man 
after man in sueceaaire generations and are 
wasted, until there is fashioned the mind which 
is productive as well as assimilative. Men 
recognised and sorrowed over the evils of slavery, 
but none stretched forth a hand to help until 
there came a Wilberforee into the world to 
thunder forth “ Emancipation ! ” Men saw and 
deplored the ignorance of the masses, but waited 
for Gladstone to remove the tax on newspapers. 
The hardship which the heavy c\i*t of the car- 
riage of letters entailed upon the poor was 
manifest to all, but the proposal of the penny 
post came like a bolt from the blue. 

Thu Application of Idonu. How can 

ideas Vie applied ? That depends largely upon 
the circumstances of the individual and the 
nature of his scheme. There never was a 
better time than now. when greater scope was 
afforded for the carrying out of new projects. 
“ The men for whom we look now' with a view to 
possible partnerships are no longer those with 
capital/* a prominent membrr of the House of 
Commons said to the writer. “ We must have 
men with ideas capable of adequate expression in 
practical production.” One man, a working 
plumber in u Kentish village, devotes his leisure 
at nights, and the scanty holidays granted him, 
to materialising ideas which occur to him in odd 
moments during his work. A year of nights he 
sacrificed to the fashioning of an appliance for 
soldering— a tiny mechanism which ne carries 
in his waistcoat pocket — lamp and blowpipe 
combined, which enable him to dispense with 
the cumbersome brazier and melting pot. Such 
a man with increased opportunities might prove 
a second Nasmyth, and give us a contrivance as 
important as the hammer with which the name 
of that genius is associated. The villager’s 
inventions are bis voluntary creations : Nasmyth 
invented his Titanic hammer in response to the 
appeal of a man who could not otherwise get a 
forge hammer capable of producing the shaft 
which be needed. 

As a rule, however, inspiration is an un- 
willing and unstable guest ; it must be seized 
at once, before it may be too late. Coleridge 
dreamed his “ Kubla Khan,” and wTote in his 
Vrakmg moments the precious stanzas which he 
remembered. John bright composed all his 
speeches in bed. Most of us, however, must look 
to periods of great mental alertness for the coming 
ana thinking-out of ideas. And when they dawn 


upon our horizon, they should promptly be noted 
down. 

An Industry In n Vlllngn Strwam. 

There may be value In the flimsiest notion. 
A man thinks of a metal tip for boots, and 
makes s fortune from it ; another applies a 
piece of rubber to the end of a pencil. A third 
compounds a dscootran which, smeared upon 
windows, prevents their “ steaming ” in cold 
weather. Another, of eoieotific bent, notee that 
a mineral refnw, thrown away as vsluefass, emits 
a strong odour when in oontaot with water, and 
the mult la acetylene gas and all that that may 
yet mean as sn ittumtaant, A oertain stone 
yields its secr et to a person who by die proper 
p ro o ess converts it into sn enamsl for making 
earthenware and china non-porous. The sands 
of the sea become an asset to him who discovers 
their use few the making of incaadoeoent mantles. 
A trickling stream of mineral oil in a Derbyshire 
mining vitUse was found by Lord Playfair to 
contain paraffin, and from his recognition of its 
worth sprang up the gigantic industry which has 
made fortunes in America such as the world 
before had never known. Every invention opens 
out fresh fields for other inventions, and the 
examples we have seen mav stimulate thought 
in directions in which advance may still lie 
made. Man sails the air and sails the seas ; and 
hastens with the speed of the bird upon dry 
land. But in esch phase of travel he is anxious 
still to do better. The electric train supersede* 
the steam-engine. The turbine steamer oust* 
the older form, just as the screw propeller gained 
the day against the paddle- wheel. Electricity 
and the motor claim the sphere of the horse fur 
individual travel by road. 

Thw Old World and tho Now, These 
are among the ideas newly utilised. The 
men in whose brains they took shape perform 
more notaWe service for mankind than the 
greatest general who ever slew a rival's force*. 
The compositor who sets up the type for the 
Hi We, anti the machinist who prints the pages, 
are greater forces for goo 4 than tho wisest of 
the ancients. Those wise men of old. in the dim 
light whieh preceded the glow of learning whose 
glorious dawn our own day was to witness, hail 
their splendid and noble ideas ; ideas which live 
in architecture at which the world still marvels 
and cannot emulate. With their manual labour 
and their implements of which the world has lost 
count, they fashioned their wonderful Sphinx, 
which, in spite of all that has since been achieved, 
remains the greatest stone monument in the 
world. Their enamels have outlived the shells 
and rockeries of which they were but the veneer. 

But the modern idea brings mightier things 
to pass than e%*er those wise men of the 
East could dream. We bridge rivers and 
straits and gorges which would .have been im- 
passable to them. We send flotillas of mighty 
ships where they bad not a waterway, We 
print in an hour fifty thousand paper*, one copy 
of which it would have taken them a lifetime to 
write. We navigate seas which were to them un- 
known ; and we race at sixty miles an hour over 
Uadi whose existence was to them unimaginable. 


To be continued 
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THE. GREAT ORGANISING ARMY OF THE NATION 


Mv K*VR*T 

CNfCHflltTlC. r*)*»tilr, ambition* youtur nu-ti 
ao<l wonrn whatever thru training or 
social station who are in ijurM of a Mr work 
that offer* intrrwUtid dutirt, Mml reward*, 
ami a wide * <>|tr f<»r th«Mr a brittle*. w*U lr »w 
to tHifiAMior rare fully tl»r < I atm* of our Ovil 
Hervww a* a career 

The e*prcw***m M l *»i *1 S'rvtt'r u te« Imo ally 
Hard MHnrtMIHN* to denote i*ri> lh«' atart* "f 
(iovrrnmmi office*. hut by fight of origin thr 
wtini ' m il mean* ‘ pertaining U» tbr 
and I hr Ht»tr It in in tht» m*lrr and more 
natural retire that wc ure it here Tlir ’ lighting 
servicea," re a matter of convenient arraitg ce- 
ment, are •rjautrly dralt with rUe where |rer 
ARMY ami Niyy) , and With purely honorary 
pm(» our rearin'* are naturally not romremeil 
Kithrimn ilwre ilmanm*, thr term Owl 
Servant mean* for u* every aalarml, mm 
combatant officer engaged in tin* administration 
of poUw intereM*, whether atmtly local or 
tfhrUti| thr whUr Ktttpire 

A Civil Army. It i*clear that a huge variety 
of mmU, amf of puM»r Mm*, i* in«lu<lrd in this 
definition Thr ««flu*i*U of the »malleat lh*trwt 
(Vtunri) or Hoard of Guardian* are < Ni il Servanta, 
no Ire* than the First l*>rri of the Treasury ur 
thr Secretary of State, From thr village lamp 
lighter or thr (Mark polwv'man to our amharearior 
at St. IVtcreburg* from thr political agent in 
mmr Half barharou* Indian atalr to thr trWtmph 
trerenfot in IVt Stnrt, run* thr linked band 
of public servant* Hy whore united effort* thr 
great busmen* of thr flrttiah Empire i* earned on 
the number* of tbi* civilian army, lU direr 
mure of atatu*. work ami pay. defy calculation 
la London alone it* member* form two army 
earns*” HMXi) more mm than Mood in thr rank* 
of thr Albre at Waterloo Every industrial centre 
has Its reg im e n t of pubiie rervaau. each small 
tosm it* picket* mrh vtHage at least s sentry ; 
while kndy outposts keen watch in every corner 
of the globe where Hritm role holds sway. 
Within thorn srede limits it room for all grade* 
of tdsetiios and all varwtiss of gifts. The 
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learnei, reientific, and technical imdcreiim* are 
rcjirerented by thousand* of well remunerated 
no*u t Vrk* ami lmnkkceper* of every rank 
form, a* it were, the mam infantry force. The 
pr*< tioal expert and trained mechanic find in 
the Oiil Senior a ready market for their skill, 
and there are counties* intermediate, *}**cnri and 
mi w»r p***U lirSHlr* To analv «r and rUreify this 
medley of * pjs nnt men t* i* the buf'ine** of tlire 
artnlre that follow ; our «*<rm for the moment 
m with thr claim* of the sen ire im a whole. 

Attractions of tho Service. If a popular 
vote were taken a* to what constitute* a *at urine* 
tory calling, the tint eaarntiaM agreed u)»on would 
proltahlv 1»* that the work diould U- well paid. 
i«rrnianent, and with some security of tenure ; 
free from offender or unduly anluou* conditions, 
and offering advancement in proportion to 
merit and eypenenre, with w*o|ie for personality. 

Widely a* the condition* of employment vary 
within the huge and rotnplei machine of the 
Ovil Service, it will certainly he found, when 
tried hr »uch commonnetme standard* of value 
a* tltewe, u> compare favour* My with other 
calling* It cannot, m the nature of thing*, 
offer the fahulou* income* of our foremoat singer* 
and actor*, or the first flight of •• counsel learned 
m the law.*! The man whoae nuprriattve talenU 
demand a five figure salary should avoid the 
puUic re r woe, unleaa he u» within easy reach 
of the Wmdsaek More modest ambitions, how* 
ever, may secure income* in the Civil Service 
averaging disuncUy higher than in the unofficial 
worid. The ** sweating '* employer has no 
eounterpart m the Ovil Service, which aim* at 
seeunng efficiency by select mg tu officials with 
rare and paying them well Public officer*, as 
a etas*, are liberally though not extra vagaativ 
remunerated, with salaries progressing either by 
regular increment* or according to personal 
merit. Generally these two system* are em- 
ployed ta combination. 

Pnrmananca sad S n cnrit y. The per. 
maasnes and security of aril Eerrira poata ara 
two of its most attractive fewtwm Their 



balden, unlike many private employees, cannot 
be diniwed nve lor serious misconduct or de> 
Unit ; and. except tn Uw Gove rnm ent vorbbopi 
tad similar fields of employment, their earning* 
are mnffevH by ** bad tine*.’' When, at 
occasionally happens, the remodelling of a de- 
partment leaves no room for a former member 
of the staff, be is usually transferred else ir here ; 
or, should the change compel him to resign, he 
is liberally compensated for his lots of office. 
But tu~h incidents are rare. The public official 
with a good record is normally secure for life. 

Work Wall Paid For. Nor need he lie 
apprehensive of overwork. The day of 
" snug sinecures ” is past, and Gvil Servant* 
must give a reasonable equivalent for their 
salaries. But the practice is to maintain a staff 
fully adequate for ordinary needs, and to rrwrard 
with special grants or increase of salary any 
pressure of extra work which cannot be avoided 

These “ perquisites ” arc s >metim*s of great 
•slue, An official acquaint mce of the writer's, 
for instance, supplements his salary' of £4<I0 to 
the extent of £H0 a year by occasional transla- 
tions of office documents ; another, whose salary 
is £225. recently earned £70 in six months by 
special evening duty. Almost the whole clerical 
staff of one busy Government office draws 
'* extra duty pay *' every year, varying from 
CTI*» to sccording to rank In munici|>al 

employment the rewards for special service* »n k 
itnuv liberal still. For extra work in connection 
with the electrification of a borough tram* av 
system, an engineer received not long ago an 
honorarium of £200 ; and for a like reason the 
engineer to another corporation was granted a 
special payment of £7. ill Extra work among 
Civil Servants is welcomed rather than shunned 

Promotion. The question of promotion is 
complex, dependent on varying conditions. 
Gtanccs of advancement vary greatly in different 
offices and in the several grades, hut art? dis- 
tinctly favourable on the whole. The Govern* 
m^nt service, it is true, is hampered still by its 
traditions, and, while professedly adopting the 
principle of advancement by merit, it con tin ues 
to attach too much importance to seniority, and 
this practice tends to make promotion slower. 
But the law of seniority is daily disregarded in 
favour of mm of special ability, and t* tempered, 
besides, by the regular increments which auto- 
matically raise each official to the maximum 
•alary of his clam. In the local service*, more 
frankly modern and democratic, efficiency is the 
decisive factor, and the scope for a man of 
energy and capacity is almost unrestricted. The 
highest commands* in this great civic army, as 
m the armies of the young French Republic, are 
open to any man in the ranks who can give 
proof of his strength. 

Merely noting tn a word the liberal provisions 
of the Service aa to sick pay, leave and pensions, 
and reserving their detailed discussion, let us 
tun to consider other attractions which are not 
to be measured by any commercial scale. Fore* 
mat among them most be reckoned, by all who 
bate a thought beyond money, the dignity and 
nsefidnem of the public servic e. Tbs dignity 


is a quail tv quite other than the self- importance 
of officialdom. To take a share, however 
modest, in the government of the State is a 
distinction and a privilege. To work for the 
public weal, to place one’s abilities, whether 
great or small, at the service of no less a master 
than the (Mr or the State— here is surely a 
prosper! which appeals even to the most practical 
and humdrum of minds. 

Outdoor Llfo. That the Gvil Service is a 
** noun of multitude." comprehensive enough to 
furnish congenial employment for almoat all 
tastes and temperaments, will lie evident from 
what ha* Iwen aakl ls>vem of an active outdoor 
life may find their opportunity, according tn 
ability and training, in the foreign. Indian, or 
revenue branrhea. or on the non combatant ataf! 
of the Navy. The* studious mind will turn 
towards the higher legal or administrative posts, 
the man of figures to municipal accountancy 
and finance. Exchequer estimates, or Govern 
m*nt auditing. Science is given scope at our 
museums, in the service of the public health, and 
at technical college*, while its industrial branches 
are represented by dockyards anti telegraphs, 
by Is trough engineering and a hundred other 
activities. The list of special positions for men of 
jiarticulsr aptitude* is not easily exhausted 

How an* the jsmt* in this great armv to Is* 
gained ? To answer this question clearly anti 
fully, to show' how vacancies are filled,’ what 
qualification* are needed for each rank, and bow 
such qualification* an* lies! attained, is a task 
even more essential than that of classifying the 
grent mass of public ap|M»mttnrot*. To combine 
these two tasks is the object of this course, the 
purjK**c of which is to show, on the one hand, 
the character and value of every Gvil Sendee 
whether high or low ; and to explain, on 
the other, precisely how each post may Is* won. 
The work being primarily a<ldre**rd to students 
and prospective candidates for the Public Service, 
special regard wilt be paid to such matters as 
educational standards, professional and other 
training. competitive testa, examination subjects, 
and other questions of direct and j»r act teal 
importance. 

The Thrtf Omt Division*. For the 

purjsjse of a detailed investigation such as 
this, the great subject of the Gvil Service 
is heat divided into three main section*, each 
of which will be separately considered. We 
may summarise them as the municipal, national, 
ami Imperial brarn hew of the Service. 

The first is a wide and important division, 
comprising all appointments controlled by the 
local authorities — whose name is legion— and 
remunerated from public funds raised for local 
purposes. Officers of the county and borough 
councils, of district boards and Poor Law 
Guardians, of quaint aesociations like Trinity 
House, rich and powerful bodies like the CHy 
Corporation, and countless minor councils un- 
known to fame, all fall within this expansive 
section. The National Civil Service comprises 
Use Government departments, great and small, 
whose salaries are annually voted in Parliament 
or j*ud from State revenues; and, lastly, in the 
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•action (WvoInI to tW* (Avil Scrvi<t of the Empire, 
we shall review the various classes of appoint- 
ment, tw*h municipal wwl under direct State 
roolrui, m our cohmim and possession* oversea*. 

The triple Mt»» will tbu* form m conjunction 
a (stmftU'U practical guide to the vaat field of 
the flnUfth and OWutuaJ Oni flrmee — a task 
never before cm eyed. 

THE MUNICIPAL CIVIL SERVICE 

The age we lire in, w/tarm of so many upfrnrfid 
arhic rrmefiU, has seen nothing more charac- 
t matte <fr more startling than the rapid growth 
of loral government, Scarcely a genera turn ago 
thm branch of the Ovil Service wa* administered 
jtartly by a privileged rlaaa with no direct 
iv»p«fftA4 bib ties to thr puMic, partly by undis- 
lingt* tdied local ratteimea without any »|*>ctal 
qualification* for ttietr work. Such a system 
waa naturally regarded by the pulilte with an 
thdifletrner not wholly free from auapieton. It 
wraa widely aaauined. sometimes with justice, 
that pub te fund* m •ueh hand* were apt to Is* 
wasted. ami public interest* either neglected 
through in* ontfietetit'e or wwtiliwd to prm*te 
etula Men of high anna wrrr chary of onmo* 
riatiug thc»iiseiirw with a srrview that vow 
M RU*|rt1 " . d*rrwd InuiiiiiM spirit* declined to 
devote their to discussion* on the y 

of the |mriah pump 

A few year* hint' sufficed to change com 
|4etely thi* condition of thing*. in jwift by tlie 
agency of legislative reform, but mainly through 
the development of a sound » n « spirit Mde 
hy aide with thr rxpan*i<»n of the Imjirria) idea 
haa sprung up a ciih patriotism akm to that of 
tlie early Greek state* We have learnt to 
rceogniar the raarntia] dignity of 1 w:a 1 adminis- 
tration, horial student* and earnest wurkrt* »«f 
the Iwwt type, aeeing in it an intense!) prsctc *1 
ideal of service. have devoted themselves with 
splendid ardour to the task ; and the mum< ijwv) 
system. aa a wbolr. haa r**p» aided by a degne 
of activity ami efficiency lieforr unknown. 
iSiputar confidence in the Thsal authorities baa 
grown amaxmglv, ami haa found rxprrwsum iu 
numerous atatutea colts* 4 id* ting and fr midrl 
ling their constitution. ami greatly amplifying 
their |*owcr* in many ilimliunv 

CrtaiiM of tkt Municipal fttrvlco. 
Without wearying the rvaki with a haig but 
of the Acta of l*ari lament that have created five 
modem Munic ipal Service. we niav bnrtiy refer 
to the forrtmwt among them, tie fimt great 
measure id this kind, wince the day* of tiie 
Keforrn Ada, waa the Municipal <W|*uali»*n* 
Act of kind Thta atatute fixed the town 
council in ita prewr n t form a* an ebwtne Udy 
of aldermen and councillor* headed hy the 
mayor ; it defined the power* of the mum it 
aa to enforcing santt ary U«x lighting the town, 
and forming a borough nolle* Torre ; and }im> 
vtded for the ei yeti wei of administration hy the 
levy «4 a borough rate. 8u year* later followed 
the Local Go vernm ent Act of ) Ml— the grew teat 
of the term of reformative atatutea, and the 
creator of the county council* It wu a vevolu- 
ternary and democrat* me a sur e, sw e epin g awray 
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a mam of cruated traditions and abuses, and 
transferring to the new authorities all duties 
relating to local government performed until 
then by justice* in quarter sessions. Thus, at 
one stroke, the control of county finance, rating 
and aswcaamcnt, county buildings and lunatic 
asylum*, the registration and polling of parlia- 
mentary elector*, the maintenance of highways, 
tha prevention of river pollution, and a host of 
minor powers, were placed in the hands of 
councils chosen by the county electors. 

If was a bold enterprise, and many were the 
dismal forecast* it evoked. But it was in essence 
an extension of the policy already developed by 
tlie Municipal Corporations Act — the policy of 
entrusting district administration to an elected 
body instead of a privileged class. The wisdom 
of that policy has hewn amply justified by the 
event, and particularly by the rrmArkaUr 
stimulus it gave to the country * interest in its 
own internal affairs. This growing attention to 
the claim* of local government has proved a 
guarantee of increased efficiency and integrity 
in the Muninjia! Service, and has greatly helped 
to raise the dignity of the Service in public 
regard. 

A later Local Government Act (1H94) com- 
pleted the system of deriving the authority of 
e\ cry local body from the electors. Many 
fiieasuri**. both l«*fc»n* and since, have added to 
the activities of such bodies; but the only 
enactment* railing for comment art' the Educa- 
tion A* t* of 1902 and 1903. They have enor- 
mously extended the power* and duties of local 
authorities in England and Wales by making the 
council of every county and county borough 
the education authority for its own area. 

Tht Modern Municipal System. Such 
are the measures chiefly responsible for the evolu 
turn of our municipal organisation of today 
Th« system. a» a whole, is characterised by bofd 
Slid effective and public spirited administration 
It* method* are businesslike, scientific and 
uoderu, its activities of so wide a range as 
almost to defy dusrriptioa In its hand* are 
placed. Iwsidrw the duties already named, the 
cleansing and improreinents of our strwts, the 
mam ten am v of water supplies and sewage 
systems, the prv»tectK«i of toe public fnun fim, 
the relief of the poor, and mnumeiaUe other 
rvwisniailaiities affecting the health and comfort 
aivtl material welfare of the |>eifple. The impor- 
tance k4 these functions is literally beyond ewti- 
mate. Some idea of their extent* may ha 
gathered from the fact that local bodies 
administer every year an income of over a 
hundred and twenty millions sterling. And as 
an instam'e of their bold and suceraful businma 
iwlhmk it may he added that the net profits 
from municipal waterworks, gas and etc trie 
lighting, and tramways, during thr last recorded 
year amounted to fTOUOOO. 

It is only fitting that the nwpoitfthle torn to 
charge of such enormous and often profiuhle 
undertaking* should he handsomely paid. Local 
bodies ate wady nowaday* to reoognw the right 
of the labourer to fits hire ; and, instead of a 
pmay-wte policy, they adopt the sounder 



economy of enplojinf in rich d^partmfnt the 
bnt men ivaiUbb. sni of paving adequately 
for their ivnwt, TV effect of this principle t* 
to quicken the advancement of the capable, and 
open the gate* of a lucrative career to any 
young man of brain* and energy Napoleon » 
dictum that every soldier in hi* armies earned 
i held marshal* bAton in hi* knapsat k might lie 
justly applied to the official rank ami file under 
our modem municipal system 

Rapid Promotion. A striking instance 
of rapid promotion m a municipal career i* that 
of the present Oerk to the Umdon County 
Council. Entering in a subordinate capacity, 
Mr ('* I^iurence (iomme was early ad vanced to 
the rank of Statistical Officer at £MM» a year ; 
and thence, after some year*. by a single at rule, 
to the moat rr*|H>nail*lc position of llerk of the 
Council. with a yearly aalarv of £2.<#*M 

There i* another aapect o} municipal employ- 
ment a Inch ih particularly noteworthy Em»r 
nvMit.lv a* the system of local government ha** 
developed, it ik destined to ill greater ex panM'Ui 
in the near future Many atudenta of present dav 
tendencies aver that this movement i» to* vet m 
it* infancy Whether this is an exaggerate*! view 
of it* future or not. we cannot fail to realise that 
the Muntci Civil Service ha * not reached it* 
full dimension* It ha* a great future, riot only 
of ti> morrow , hut of many to mornma To enter 
it now. in it* crescent youth, n* t»> seize one * 

* Imme of rising w ith the rising tide Tlie grow th 
of « dr | mi rt men t brings advancement auto 
mat v ally, an it were, to tboae members of the 
Maff who an* worth their aalt. a** well a* fur 
n idling special opening* of many kind* 

World** Greatest Local Authority. 
We may readily illustrate thi* l»y refereme to 
the last five year*' record* of that tyj** arvl 
mo id of administrative efficiency. the con 
trolling lady for London In thi* interval tU 
art i vi tie*, and consequently it* staff. have 
ihvetupod considerably. Disregarding all pro 
motion*, we find that the salaries in t of 

the arlf name posts have made *ul«tantml 
advance*. Thu* the Valuer to the LCC 
receive* another £5110 a year, the Onef Officer of 
Tramway* a like advance, the Chemist £l,l<K» in 
la*u of £N00. and the ( ompt roller '* salary ha* 
risen from £1,150 to £2,000— all this within five 
years. Such instances will lie many time* 
recurrent ui the next decade, and shrewd men 
will find, meanwhile, in the Municipal Service, 
that tide in their affair* which, taken at the 
flood, lead* on to fortune. 

Not every local authority, of course, can offer 
adequate careers to its employee* It »* true 
that there is hardly a fairsized village in tie 
kingdom which does not afford some opening for 
ability, but the scope of such employment u 
n eces sa ri ly very restricted. Only amid the in 
tncaciesaod responsibilities of administering ft>c 
affairs of a great town, or a county, can the first 
men find the best work. Hence there is a 
steady current of transfers from lean er to more 
important municipal offices, op to the foremost 
industrial centres, with London and (fla g gow at 
'heir head. 


A Typical Car t er, A typical career in 
this respect is that of Captain Nutt Bower, 
the Chief Commissioner of Police for the (Ity 
of London After serving m the Royal Irish 
('on* tabu) ary. he became thief (hosts hie of 
Leeds, ami next held the important post of 
Head Constable of the Liverpool police, with 
emoluments estimated at a Unit £M0M a year 
Having acquired a high reputation as head* of a 
fine and efficient force, he was nr it elected to 
the very responsible appointment he now hohla, 
with a salary of £1.250 a year His branch of 
the Municipal Service ha* but one higher post 
-the Cummimuonerwhip of the Metropolitan 
Police Kone, at £2.500 a vrar 

The system of promotion by tran*ferrm*e, 
illustrated by Captain Noll Bower * reettnl, i* *o 
general throughout the Municipal Service a* to 
afford the widest (Mmstlile field lor cA|Nthle mm 
Minor and provincial district* arc thus a training 
ground from which h ading Im trough* anil count iea 
leeruit their *l*ff* The l«r*t |n»*t* in the serviie 
today are held, with few evteption*. by men 
who ha v»* graduated m smaller offii'e*, and have 
lieeti translated for distinguished service 

\ gtamx' at a typical nmnicqtal office m full 
Hiving may help u<* to realiwe more fully the work 
of modem haul government. We will aeleet the 
headquarter* of a l*»r«*ugh of averag*' tiu|M*r- 
t Alice. without any «»f the duttr* relative to 
county administration which occupy ao many 
of the lending town* 

Tbs Municipal Hlvs. A* we trover*** 
the various department* of the hive of municipal 
induatry. the imprcssom is one of bewilderment at 
the diverse activities of it* worker* The town 
clerk nm! hi* special *taff are busy, for aeveral 
* ommittee* «*f the eouned are putting, and eoi h 
involve*, not merely the attendance of a com 
mittce elerk u* report proceedings. hut much 
*utmrqiient clerical work m carrying out the 
< oriuiiittee * direction* A* from eight to a 
dorm *i»eh meeting* are held in every week 
of the year, complex question* involving 
*eriou* interests coming before them all, it may 
la* gtirsscd that the amount of detailed busmen* 
n<*<‘e*MttAtcd i* enormous 

In the surveyor* department, one of it* pro- 
fessional head* i* occupied, with a large *taff of 
assistants and draughtsmen, in considering 
application* and plan* for laying out or draining 
new road*. ami contractors’ tender* ami accounts 
for nail repair* ; or in preparing drawing*, 
*|iecifiration* and estimates of various kind* 
required in connection with the upkeep of high- 
ways Another chief surveyor t* engaged in 
conference with the municipal srdicitor over some 
knotty point of comlsned drainage or the charge* 
for a new street Meantime the outdoor officer*, 
in various auarter* of the town, are inspecting 
sewage works or the watering and scavenging 
of the roads. 

The rating branch, with its staff of caller tor* 
and clerks and its multifarious duties of schedu- 
ling property, framing assessments, and col- 
lecting the borough rate, need not detain us 
tong. Nor shall we linger among the books of 
the treasurer and the accountancy officials. 
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Officer* of Public tUrnlth. 

murrain)** wnl) a* more important, n the 
work of the oiem of (he Public Hulth, 
uyxhr the control w( the Mtdical Officer. Thit 
officer himself we may find examining diseased 
meet or unsound fruit seized in the market by 
fits vigilant inspect***, More probMy be m 
making the round of hi* diatnri here {tuning 
to watch the tell Ule tent of the smoke rocket 
»p(iiM<d to * faulty drain, there vim ting a liake* 
house reported to Ir insanitary, or elsewhere 
investigating a ease of infectious disease, Hi* 
forrr of sanitary inspectors is busy hunting 
down dirt amt luntagion as police officer* hunt 
down crime (hie of them u supervising. jut- 
h»|a, tl»e removal of a scarlet fever patient to 
an isoUtum ward and the duonfe* lion of the 
*e’k r<«>nt , another i* in the factory qua rter, on 
the ha»k out for *rn<iky chimney*, or jwiy*ng 
a surprise %i«lt to a ‘ sweating * tailor, whom* 
workshop in overcrowded and Imdlv ventilated 
A third in jtrr j*armg hi* O'jHirt t«> tie* Health 
Omimtfter against the oMurate owner of an 
inaoiMtary laundry, when* tie- watei lies in jks.U 
no the uneven l(tw>rmg and tie feet of 

ill shod w»/fkrm Against the**- and a hundred 
*i #'h evifa damp waif* and leaky faulty 

eiaterna amf e«m tarmua te«i water supplies, against 
underground dwellings. notion* trades and 
every Ollier form of mosatu'c the tittle ImikI 
of aamtarv iti*|e< torn wages unremitting * arfare 
<**r tlie common weal 

A Com plan larvict. Near at hand o 
the laboratory of the 1'uMt* \n*Iv*t a t 'ml 
Servant like lW real Here cone- tile MUN|WH't*'d 
sample* of total t»r medicine. to lie shredded. 
Heated, stained. n afioratcd. ami te»tcd in every 
way known to science , for signs of adulteration 
'Hie procuring of these *|wcimona is the mtasion 
of a special officer of the laorough. and many are 
the wiles tie must adopt to le successful If the 
aant|4es prove impure a prosecution follows 
Shouhl the Iswough pussr** its own gas works, 
these will employ another staff under a skilled 
engineer Hut d it has a progressive counrtl. 
abreast of the timra. it will boast of munwi H 
dninntv ms tea* l At the generating station 

ami wvwtsh«*|w we find a iiumler of technical 
experts, from the trauxnt electrical engineers- in 
charge to the makstins who rrjwur street wire* 
ami lamp* TV current may le employed also 
for electric traction, many of the prov mruU 
boroughs owning dadw tramways, which are 
run for tow fare* at a handsome profit, In that 
ease tV municipal rorjw will V augmented by a 
company or so of tram drivers and conductor*, 
regulator*. ami roadmen. 

The list is far from being exhausted, but aw 
need pursue our quest no further Without 
lingering over such minor outposts a* the public 
libraries, baths, and washhouses, or at that 
valuable dev aw. the dust destructor, we may 
conclude our survey at this point. To form 
any idea of the extent of the Municipal Service a* 
a whole, however, we must tnrludr. m addition 
to the activities of borough* and h eart autbo- 
fitkA the important duties tliwshr men tamed 
a* rewind in the county cowards, ana the adnunb 


•tration of the Poor Law. AU these ajwembraoed 
to our definition of the MunksipaJ CSvfl Sendee. 
How Appointment* are made. It 

it not too much to My that within thse 
varied, complex and far-reaching system almoet 
every career can be pursued at least as effec- 
tively as for private ends. The scope afforded 
is generally greater, while the added distinction 
and usefulness of public work admit of no denial, 
arid most appeal to all who recognise that civic 
patriotism is not less a virtue and a duty because 
it goes clad in colours less conspicuous than 
khaki and scarlet. 

No uniform practice exists for filling vacancies 
in the Service. Subject, in certain instances, to 
the Local Government Board's approval of the 
selected candidate, the authority concerned is 
free to adopt what method it deems best. Sub- 
stantially. however, the mode employed is one 
of three. Hither the appointment is advertised 
and applications invited, or an existing member 
of the staff is promoted, or the vacancy is filled 
(mm outside on the recommendation of the 
re*pon*>Uc official in whom* department it occurs. 

Of the three methods the first, which is based 
on th** wound dem<H*ratic principle of “a fair 
field an il n o fAiour.’* is coming more and more 
info vogue for rc*f »oti*i Me positions, and for 
junior sf»)Ksnf menu which cannot lie filled by 
promotion it m certainly U**t, not only for 
candidates, hut for the Servi<*e itself, that post* 
should In* tilled l»y honours Me competition, and 
not by l«ack*tairw influence. When- this method 
is adopted, the practice in to advertisr. naming 
the salary ottered and inviting com|ie1itor* to 
state their qualification* and ex|w«ncncc and to 
forwani testimonial* usually three or four. 
From the applications received, a committee 
•el erU |»rolaaMy half a dozen of the most pro- 
nosing, ami these candidate* arr invited to 
attei (1 in |*rr*on before the council itself. The 
final chonv is then made from among them, 
by iote if nerxwmary* 

Tht Aw ward of Merit. The second 
method, of fmmiotmg a mem tier of the exist- 
ing staff, is widely adopted for filling posts of 
average or minor grade It constitutes an 
attnu'tivf feature of munn qwl emjJovment. and 
by assuring merit of iU reward is a powerful 
Stimulus to efficiency But when a specially 
qualified official is needed, or the re*j»on*ihle head 
«d a department, it u found that, as a rule, better 
insult* are obtained by selecting candidates from 
a less restricted field* From the point of view 
of able, energetic young officers, bent on making 
a career for themselves, the last-named mode ha* 
Urn great advantage, that it saves them often 
from the tedious fate of finding their road to 
advancement blocked by some immoraMe 
** fixture ’* in the senior rank There is no need 
to enlarge on the last of thews three specified 
way* of filling vaeanew*. a* it is usually adopted 
only when the appointment to be made is sot 
attractive enough to orate competition. 

Candidate* moat mainly rely on entering the 
Municipal S erv i c e by the firwt gate. 0 mew m it, 
they may wm their spur* either In the mm 
faAkui or by promotion. 
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MECHANICAL ENGINEERING 

FIHCTICEL COOKSES OF IKSTKOCTION IK ALL ITS BREACHES 

WI TH A TMATttl ON 
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woamwoa nuonoc 

Methods of WoHring. Coating* mad Pattern*. Forged Work and Planing. BoUtrmaking. 
Turning and Macknhf. E r ec ting and Aeeemblhif. Co pp ers ml thlng. Tools and Testing 

TOOtO 

The Underlying P rincip le s and Design of Tools of every kind. AU Types of Hand and 
Machine Tools. Portable Tools. Pneumatic Tools. Boh- and Rope- Driven Tools. 
Electrical Tools and the coostractioa and operation of Tools of all kinds 

MAOHIMCS AMO tmUOOCT 

Engines, Cranes, and other heavy machines. Watches and Clocks, and Seim tide Instruments 

FOLLOWED SV A COURSE IN 

MIUTAinr laMMWISfttfMl AMO TNI BSAMUVACTUHS Of AHMS, AMMUNtTtOS, AMO IXSLOOVM 

CONDUCTED SV 

JOSEPH G. HORNER, Practical Engineer for thirty years ; Associate Member of the 
Institution of Mechanical Engineers ; Author of many Standard Books on Workshop Practice 

F. L. RAWSON, Associate Member of the Institution of Mechanical Engineers 
j. W. WAINWRIGHT, Associate Member of the Institution of Civil Engineers 


MECHANICAL ENGINEERING AS A PROFESSION 


By Joseph 

Tf > tx-somc an engineer mean* a good deal of hard 
1 preliminary work. It* exac ting character 
i» due to the fart that the work is of a twofold 
character, and that it is extremely comprehen- 
«i\r It i* both physical and mental, involving 
long hours of exhausting labour in the factory, 
followed by study at night. There u> no royal 
mad in this pursuit, ami there is no "lurking 
hard facts. An engineer stands no chance of 
mmttw unless he has a sound mind in a sound 
i*dy. and the love of work. This will be sufli- 
« renlly clear after we have outlined the course 
which has to be pursued. 

Tbs Scops of Engl Moving. The man 

who practises one of the various craft* which 
are included in the group of trades com pre 
bended m mechanical engineering, is not, if 
hi* knowledge is bounded by that craft alooe, 
•n engineer. He is a pattern-maker, or a boiler- 
maker, or a turner, or fitter, etc. The crafts- 
man on whom devolves the task of the final 
erection sod completion of an engine, or piece of 
mechanism ready for operation, is in some sense 
•mtHied to be regarded as such, but that is not 
nearly all which is included in the term eng* 
neering. For, unless a men understands ritteui 
gently the practice of elf the depart menu which 
iv c o np rm d in an engineer*’ works, with the 
scientific basis that uadevfot them all, and the 
economies of manufacturing production, he is 
not m engwmer m the fullest ssner. and is not 
qualified to become a manager or leader of a 

mA wind kaLbdf* * iaroi^d 
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in the |>miciphn» and practice of the *r\cntl 
trade* will lie seen a* we progre**. K«*r the 
present let us take a general survey of the 
method by which the profession is entrrrd 

With comparatively few exceptions, pupilage 
i* the gateway into the broad field of engineering 
The exception* are those m which a workman 
by force of character and akill ha* broken away 
from hi* narrow traile, and qualilied himself for 
a higher and Iwoader sphere of action It is 
with a view to lend a helping hand to men of 
this class who desire to M break their birth * 
invidious liar “ that the Kelt Kdicator has 
lawn projected. 

Thu First Thing to Do. If a youth 
intends to follow the profession of a mechani- 
cal engineer, hi* first course is to seek a firm 
with which to be articled. Some would 
prefer the eaaier, more gentlemanly, technical 
school. But this is a mistaken view. The 
school in its place, by all means ; but the factory 
comes find. Those who advocate taking the 
school first point out the advantages of receiving 
s grounding in the principles of mechanics 
before going into the shops. But the elements 
of the sciences will already have been gathered 
at school and college, and it is best to enter on 
the field of practical work at an early date, and 
study theoretical science consecutively there- 
with. 

If the decision is made to take the shops first, 
the choice of a firm is difficult. Many matters 
have to be con si dere d . Avoid firms that 
advertise for pupils. Hie good firms always 
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have thf rtJimr* i»f yon lb* *« their books, who 
b*r*> to wait fhrir turn for sdmiswKm. Ift *»m*‘ 
rasrw for two <rf ihrr** year* 

The wWtHin may often have to la* determined 
by the «pm*j tiranrh of engineering which it i* 
the intrfiU(if) to pursue m after life This applies 
to thrue who know Morrhuxi that they moat 
la specialist* in rrrtaui line*, an, say, tn hro 
work, marine work, hydraulic machinery, 
machine tools, etr , though tn any raw there i* 
much to hr mmI in favour of worn** general 
traininK a* a tinssd lawn* on which to rear the 
specialised work 

Artie lad Fupilt. Knginernng firm* take 
|nt|»»U tot term* of year* ranging usually from 
Ihrer to ho. ami charge premium* from £Al> to 
f loti a vrar Occasionally, though seldom, a small 
wage t* |mhI to ti»r pupil* In return for the 
pft'iimmi fee firm* undertake to impart any 

I rte* me instruction* It m sufficient that l ml* 
iave jw r f mission to enter and |*a*» through the 
several shops, taking a part tn the work that 
i» carried on therein, ami observing ami noting 
mm much a* they are <apal4r of aastm listing 
Kaeepling that they muat la* ameftaM* to 
discipline „ and to the general rule* am! regula 
Hon* of the work*, they are at liberty to nr« upv 
their tune in *11 the »ho|M. to put <p*e»tl<«n*, 
make *ket« 1 m’* and note*, handle tool*, ntarnr 
tests, work wtrenuouaU, or !»* a* nil* *» the\ 
rhoor TW opportunity i* there It rr»t* with 
thclliseive* whether the* shall gather golden 
grain, or rirgie* * and fo*e the great opjtoi 
1 uiu tie* afforded 

When a youth gor* into the factory, certain 
length* of tune are geiterallv ap|**rlmnrd to la 
|w**'«l m the different «(e)iartment*, a few 
month* in one. a year m another, and *o on, 
tlir* 1 arrangement* firing matter* for individual 
settlement with ita tirtn Tfw* drawing office, 
|mt tern whop, and machine and erecting whop* 
generally alswirh the large*! period* of tin*- 
tHten antr of the *h<*ji* are omitted from the 
I'owrw, csjsvially the foundry ami wmilhv. 
«*va*nm%l visit* only Uung made to thowe 
The prr.nl of pupilage t* not hmg when divided 
up til M» 

Tht Pupil In tk« Shop#. \ oiith* when 
ill the ahojw are njin twl to drew* tn overall* 
and work like the trade apprentice* and men. 
ami to Ur rubjertel to the authority of the 
foremen They undertake simple pweoe* of work, 
ami often acquire nmnderanie dexterity ui 
the jitikIkt of the Irak* Hut tht* alone t* 
not the ultimate object of their labours, whwh 
ahouhi he t<» understand well what t* involved 
in Die pettier of mU the shops, rather than to 
become a wkilful craftaman m any. Such 
knowledge m twm lial to the akilful conduct of 
a factory . mere handicraft m not. In thaw reaper! 
the training of the pupd differ* from that of 
the apprentice to a atngW trade. 

The work of the papal In the shops m only 
one sect ton of that tun he hna to unde rtak e 
He muat study constantly a* wH Study and 
work cannot he dwwomtfd Kntkn may 
•tody he allowed to become n barren Md ; ft 
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must hr utilitarian, having a direct bearing on 
daily practice. 

School tarsus Shop T mining. Were 
the vexed question of technical school versus 
whop training arise* It is a pity that so 
rnu< h larren discussion should have arisen round 
thi* No man can become a safe mechanical 
engineer unless he ha* had a preponderating 
riprnroce in the whops. He must be a shop 
man hrwt and foremost, and his technical training 
must 1* sutsodiary thereto -an aid, but not in 
any degree a substitute Most engineers woukl 
l*r letter for more theoretical training, but the 
dtftu ulty and danger lies in exaggerating its 
importance How to strike the happy mean i* 
t*c*t e*wy We hold that the sandwich system - 
ivritwi* of whop work am! study alternating 
produce* the Iwwt engineerw, men who »n* neither 
too wedded to theory on the one hand, nor to 
rule of thumb practice on the othc*. Summer 
in the *ho|*i and winter in the colleges seem* 
t tie ideal system < >r the day in the shops, and 
the evening* of winter in the school* ~ only that 
thi* make* great demands on the student’s 
strength, and afford* t.s» little tune for extensive 
*1 udy 

111 the ♦ olleg* one I* Apt to develop A “set 
in favour of theory, and very much t* learned 
w ho h ha* l€» le mtslihed when lwought later to 
the tr** i*f prarttte All the great engineers, 
living anti dead, have lw*en |>ractiral me » hn*t. 
«nd student* afterward* One's early |*ra« t cal 
training ever afterward* prevent* the to*. great 
leaning on theory. and the wa«tc of time, which 
»* money m the shops, sjamt in arriving at 
re*ult* which practical men t>'a* h hy short but 
safe cut* Ttve writer ha** strong v wmts on tin* 
matter 

Thu Best Thing to Do. In reference to 
the selection of a shop I wing controlled by tlie 
*|ir<'ial tiraneh of engineering practice wh»<h 
it iw intended to pumiu* in after life, thcre 
i* some laa» for this idea. I Hit not so 
much a* manv might think. The very best 
early training tor most men is to he found in a 
shop which deal* more in general engineering 
and tn repair* than in any single speciality 
Jvpreial knowledge can lie readily gathered after 
having liren well grounded tn general practice 
To Iw l»n>ught up in a groove is not conducive 
to subsequent expansion and development. The 
fathers id engineering laid the foundations of 
thru knowledge on a broad basis. Unfortunately 
for the }iu|at, the general shops are becoming 
scarce, because the manufacture of specialities 
pays better, but there are many firms still tn 
which one can gain acquamtance with a varied 
and extensive practice IV alternative is to 
divide a few yean among different firms. It is, 
however, portable that in certain emm it may 
tw judiekwa* to enter a special shop For example, 
if a pupil has tack in flu ence m certain quarter* 
that it is settled he is to pursue one branch of 
en gin e erin g only, perhaps conduct or hold a 
responsible postlkm m a certain business, then 
it may he we§ to receive a Unhung tn a firm 
docag the same kind of work m another locality. 



SaftoMitoi mad AllUd 

M|trti. TV profpicti of the pto fa wo n are 
not loo alluring ; aim a man * heart is in hi* w orfc 
he may do hetter a* a nr tail trade* mail (nltw 
he ha* either capital or influence, long vtao of 
hard work must be the price of an ultimate 
moderate competency. But tho work i* go<wi. 
and health and joy in one’* pursuit are to lr 
preferred to wealth alone. But then* an* prize* 
m the profession, and they eome in many form* 
- m the form of a abate in the hu*mc«*, a* 
principal. or partner ; the management of 
large work* ; consultative work, if a man hue a 
*j»eciality ; po«t* under government* and on 
railway* ; agencies in growing countries ; ami 
pn ifwnmn»hi|*. 

The main department* into which mechanical 
engineering is divided are : 


Af tomoriles 

liKtRIMtt* ANDSHACTTM; 
IL.II.ER.* 

Hriih.en. Dredoerm 

CllNVEYIMi I>EVll‘ES 
Chamh, Hammer* 
Km.ine*. Pirnacem 
Hydrailk Machine* 


M aciii nek v and Tools 
Minim* Plant 

Pt'LLEYR, ( » E A K* 

Pimth. Tv R RINKS 

Trankinirtim; l>r.Mf us 
Water Wiieem 
Well r<»rinu I*um 
Windmill* 


The scientific suhjec 
engineer *hould ha\ 
embrace : 

AlOEHkA. 

A I* I'Ll ED M ECHINUS 

('hkmi*try 

K . tTRK ITY 
Kl i LID 

Ft ei> iM» Heit 
(Geometry 

l.H.IIT AND Sol'M) 

Magnetism 


t* of w hich a mt* hojm al 
■ a working knowledge 

M ATI Kl \LS 
MkNHI KITJmN 

Min eh vu«,v 
Mimm* 

Put *n * 

Plane Trigonometry 
PsKI MATH * 

Power or all kind* 
Steam and V\ iter 


APPLIED MECHANICS 

Tlie Htudy of purr mechanical pbv*t<* alone 
in an insufficient equipment for the designer 
of actual mechanism* and machine* Mathe- 
matic* are fault Ira* in the realm* of pun* 
theory, hut apply them without modification 
to the stability of structure* and the move 
menu of machine*, and they become misleading 
Theory l* good, inasmuch aa it enables the student 
to think out tirst principle*, but it mu*t !*• 
Nupplemrntrd by the corm*tire experience* 
derived from practice. 

We therefore find that the whole history «*f 
mechanical practice m one of experimenting, 
recording, and collecting. with a view to the 
establishment of safe rule* for guidance Thr 
experimental tat adopts the Baconian method of 
reasoning from facta. He does not dewptar theory', 
he limply refuars to take it aa an afaacdute 
guide. In fact, he often adopts some working 
theory to atari with. With hardly aa emeeption. 
the surceaafal motors and machmea of the pr es en t 
are erotntma, and not rre a ti o tw . Little by 
little they hare barn develope d through count - 
Was imperfection* and fad are* TV papers of 
the tecnnwml societies are nearly all record* of 
expmmeot and expeneooe. The so called em 
ptnoal formoUa embody the aa me, inasmuch 


ta the M constant,* or the “ corfficient ‘—the 
central factor — is a mean derived from myriada 
of cam in practice. The value of hundreds 
of formula* lie* in thi* little quantity. Xo 
engineer would dare to apportion ihickne«*e* 
or Mrvwnr* bv mathematical theories aluue ; he 
must go into lb* shop* and team how I)hw' hs\e 
tt» k** miKlifnd in countlr** wav* in order to 
ensure security ami |*ermai»enee of form and 
action umlcr mtuiufacturuig and working con- 
dition*. 

We mu*t grasp these fad* in order to tmdei- 
stand the full *ign the tune of the term* upi4«of 
mechanic* or practical mcrhanir* Tlie subject 
is to extensive with the de«ign and construction 
of all mechanism*, machine*, and structure*. 
It i* the api»hcation of the principle* of mcchant- 
cal phyiuni ; and machine design is hut one of 
it* principal branches. It goes much farther 
than this, for it include* the stability of strut'* 
lure* that are not machine*, and it also embrace* 
the problem* dealing with the pressure* and 
movements of liquids and fluids. 

Ths Scopa of this Sorts a. Sin h l*oiig 
it* comprrhensivenes*. our aim will Is* to deal 
in t H im series with matter* that are not included 
in. or arr touched on hut lightly in. the course* 
devoted to Fhyskw ami to Machine Jig* ion. 
K\cn then the ground left to be co\ered »« very 
extensive. 

It »* iiiiric< c**arv to enter here into del. tution* 
of energy. Ion**, n»e< Imnu al units, ma**. u h* ity. 
Newtons law* of motion, friction, « ot»*rr\ aiion 
of energy, and *o on. These are explained in a 
lucid manner in the course on Pit\*it *. to which 
frequent reference nhoiitd !r mode ‘Hie at 
tempt Will fie made rather to approach till* 
» object from s standpoint slightlv uiflercnt from 
that usually taken in text l«ook*, We think 
that thr really valuable working application* 
of the principle* laid down and illustrated by 
the l*are diagrams eommoti iri text f**>ks art' 
not made sufficiently apjiarent. Tlie result t* 
that the student, who cannot Is* expected to 
js s me s * any familiarity with actual rne< ham*tu» 
and machine*. is thus compelled to travel over 
a fiarrcn field devoid of real interest. But if now 
we mde*\ our to show aa far aa spacr will jiermit 
M>me of the actual mechanism* in which the 
prinn trie* sketched in the diagram* are em- 
iwidied. the study will assume a greater interest 

Static* and Dynamic*. Writer* on 
these branches have treated them as though 
they were two distinct subject*, but tlie nuslem 
way is to regard matter, whether at rest or in 
motion, a a alike subject to the action of fitTr***, 
only that in the first they arr in equilibrium, 
producing a conditnm of mt, and m the sv^iwl 
0*ry are not so. 

Diagulaad Mactxaaiama. We desire to 
approach this general or broad subject of applied 
mechanism* from thr point of view of leading 
tfnnciplea of thr simplest possible character, 
because without such knowledge there are many 
mrehanaam* which offer very great difficulties 
alike to the sttident and to thr man who wof*a 
among them. Tbs real character of many of 
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te If dtaftttffd by their eiott wmbbaai to 
other* which belong to a different category. 
Toothed wheels, ccKxnectmg rods, various eon* 
struct ion* In which hrmj|e » the principle 
«Uh(mt hemi wryeppirftit.fjw' d r tram*, etc., 
will hr inotjinml m due rounr m •ff(irdu»| 
ffi this kind 

Fundamental Facta. Wr «t*rt with 
the four (irU of matter, h»nr. r*quihl>mim. mmJ 
motion All matter »* Mil>jrrt to tl»c iwtMin off 
fororw When th«r *r** Ulaived we aay the 
body w «t nut, or in i*<|utlilirtum, which i* the 
name a* saying that the force* to which it »» 
iuhjnd ait mutually self <lnlrw tivr. or laianwl 
Vrt the *tre**r» the technical way off denoting 
the art ion of various force* - may la* of a m<wt 
tntenar character in a laalv »t owl A bnrljjr 
i* at rent or in atal4e rq ml* let am, jet ever)* <me 
off It* mem firm t» subject to forte* which pull. 
«*r thru*!, of t*vul. Iff eitlier mrmler ahouhl 
yield to it* itmari then equthlirittm would lie 
disturbed. and tl»e »(Atr would Ir changed to 
a kinetic condition So the »trr**o* in a jih 
rrane re*ult in rqu»hl»num. ami a * long a* no 
portion veiih the rrane give* no Rt((n of the 
lore** aIikIi pull aih! thru*! ti« moiilerii no 
aeverel v 

Tlwr» measure of a movement effected by a 
fore* i* the equivalent of work done Tlu» i* 
represented hy a definite area, enrloaed either 
hy a fee tangle or hy two tode* of a rectangle 
and a third line, or rurve, whirh vanes in form 
with the %'anaf ioti» m the rhararter of the force 
Thi* i« the prtnniklr not only of the mdteator 
diagram, hut of all diagram* in whirh work i« 
represented graphically. or hy plot toil line* a* 
dt*ttngui*he«rfroni mathematical methods. Here 
the great value of squared (taper I* apparent, 
on which line* ran l*r (dotted in rijual tlt\uuon* 
Vertiral line* (or ordinate*) generally represent 
l»me* or pleasure* ; and hnmnntal one* (or 
alwtiMue) movement* or displacement* I’m 
formly operating fone* produce diagonal line*; 
varying ami mrrea*mg forte*. eurved line* 
gradually n*mg from the homontal toward* 
the vertiral 


Factor pi S a fety . Oat of this 
thf fteimmm&xkm off * soluble ieotor of eefety, 
which if an empirical factor dednoed from 
diverse practice, or experiment This looms 
large in design, for without it a slight extra 
duty itnpoaed on a machine, or some incalcul- 
able atrtwa, would result in fracture. It explains 
why a thick ne** i* generally increased hy from 
three to ten time# that which the mathematical 
calculation* alone would have determined ; or 
put m another way, why a given material »* 
only subjected, say. to one half, one fourth, 
or one tenth the utrww obtained for it by teat 
ami calculation. Thui i* one off the everyday 
difference* between the deduction* of pure 
moth antra and their application. 


Rigidity. Though we apeak of material* in 
mechanism* a* rigid, the student roust learn to 
modify that idea, *mcc no material possesses 
absolute rigidity. AU have the property of 
riant ictty in greater or less degree, and this 
ha* a very important I tearing on the problem* 
off permanence off form, and alteration* in 
»trength under repeated application* off strew*. 
Cnder some condition* of loading, a structure 
Miffrr* more than under other*. What i* termed 
/ik/igwr t* a diminution of strength due to repeated 
application* off loads live load* and alternating 
*trc**r* chiefly Disaster would inevitably re- 
sult if a mechanism designed to carry dead load* 
only were subjected systematically to the im- 
|m wit ion of live and alternating load*. The 
elasticity of Isslie* is turned to practical account 
in springs These are an ohviou* exception to 
tlir general rule that rigidity i* essential to the 
oprratntn of mechanism*. Many owe their 
nwriiliAl actum to the interposition of springs, 
cither to effect certain movement*, or to check 
ami deaden the effect* of impact. 

The plasticity of material* ha* to he taken 
account of also. I’mier *ufhc»ent pressure all 
metals flow like viarou* liquid*. This explain* 
stretch and strain, deformation off mechanism*, 
and the hehavmur of extruded metal* and alloy*, 
the manufacture off tube* and wire*, etc. 


Mattrlilft. Again, the student of applied 
mechanic* may not, hke tlie pure phvsirist and 
the mat he mat tan, *uhttmely ignore (he working 
aspect* of thing* He can only deal with line 
diagram* in hare calculation* Hut m the ru 
hodiment of aueh thing* in practice he ha* to 
handle real material*, with all the uncertain tie* 
that are inseparable from their behaviour, and 
tht* again involve# question* of different kind* 
of atrosa, and their effect* m strain The strength 
id material* become* off high importance, he- 
cause the force* acting upon a mechanism 
would destroy it, either by dm tort ion or fracture, 
iff the strength were not carefully made to cone 
•pond with the part«eulaf »ttww imposed It «* 
tneteffore necessary to know first the nature, 
direction, and the intenaity of the force* acting 
upon every element m a mechanism ; and then 
the capability off a given material ha* to be 
determined to mat thorn force*, without die- 
tort son. fracture, or even fatigue 


Friction. The prank* which friction Dltyi 
in mechanism* can only be studied property in 
the workshop*. It is often an evil, but it is 
also a* often a most valuable aid, which hi 
pleased into service in the numerous friction 
clutches, in some kind* off joint*, in belt driving, 
and much beside. Allied to this m lubrication, 
by which the effects off friction are greatly 
diminished. Further, there is another aspect 
off the highest practical importance, that of 
extent of surface* in contact, by inrrraaing 
which the effect* off friction are diminished untu 
they become almost ad over a given unit off 
area, and the working life off surface* in contact 
is prolonged for indefinite periods. 

Again, friction vastly modifies the duty which 
a mathematical calcination would (Wit to a 
pare off mechanism. The work done is not 
that which is put into the mechanism, hot 
wu n e thing Was, often very much leas, and the 
ratio between the two is the " mod ul es " of the 



Btchiaiwi Ihm ia, further, the met faada* 
wlm lUl distinction be twee n the alktlng end the 
rolling kind of friction, the letter being practic- 
ally e frictiofilaee device. Friction is e powerful 
modifying influence in the mechanic* of water 
in motion. end account ha* to he taken of it 
in determining the diameter* ami the length* 
of pipe*, and the radii of bend*, and the character 
of interior surface*. It occur* al*o m the 
passage of air through pipes. 

Kinwmetice. An important point to note 
now i* that the study of applied mechanics ha* 
assumed a new internet and a different aspect in 
consequence of tlie work of Professor Itculeaux, 
who approached the *ubject from the point of 
virw of the kinematic* of machinery, or the 
relative motion* of different part*. The old 
sharp division* between the “ imx hamcal 
Miwer* ’’ or the “ simple machine* ” an' n<* 
onger held to he sufficiently precise and accurate, 
*ime they are simplified by the newer and more 
rational treatment. In pursuance of this mctlx*!, 
we will now' con*kler what i* involved m an 
elementary mechanism. 

Thw Basic Conception of a Meehan* 
lam. The one essential feat ure in a machine, 
w hether very simple or ext namely complicated, 
i* the mutual ron*traint of all it* n«*fnl» , n«, 
*o that no iiingle piece can receive or impart 
anv movement without affecting the movement* 
of all thosr to which it i* connected. Tin* 
tlcfinition obviously exclude* a single element. 
It n»u*t contain two, or more, ami hen* we mu*t 
make a neoewaary diwtinction U*tw»M*n a machine 
and a rigid framework or structure. A machine 
must |*m*eft* capacity for movement in itself, 
even though that movement u» constrained. 
llentMi the fixed bed or 1 m»w of a machine tool 
or an engine i* not m itself a machine, hut 
simply a support for the latter. A wheel or 
pulley rigidly forming part of it* axle mounted 
on hearing* i* a machine, for though it i* really 
tme piece only, it comprise* the lever, the 
fulcrum of which i* in it* liearing*, anti the 
length of arm i* it* radius. The bar termed 
a pmch bar u» one piece, and not a mechanism, 
hut lay a stone under it near one eml for a 
fulcrum, and the two comprise a machine, or a 
lever of what is termed the “ turning pair ” 
type, the simplest elemental form |**Mil»h*. A 
screw i* not a machine, but it is rendered so 
directly it is encircled by a nuL 

CoMtralMd Movamaata. Another 
essential feature is that the movement* of a 
mechanism differ from those of a single piece. 
A bar must move in the direction in which 
force is applied to it. But connect it with one 
or more bars, and the movement* of the entire 
system are controlled by their relationships. 
And so it is possible, knowing or arranging for 
the application of given force* on one portion of 
a system, to predicate the movement* of the 
wf portions, since they depend on the way ia 
which the part* are mutually connected. 

Yet agent, in otider that such constrained 
mo vemen t* shall take plane it is necessary to 


construct machines of rigid materials, as iron, 
steel, brass, ate. It is essential in order to 
preserve the forms unimpaired, for if these could 
become changed the mutual movement* would 
he impaired. Out of tht* grow* the necessity 
of proportioning *trength to stress. m other 
word*, of ini)*arting such dimension* that the 
strexM** and strain* shall not exceed the procure* 
or tension* tni|MMcd by the externally acting 
fort'***. 

It i*. of course, always understood that when a 
machine is «|*tkcn of. it is something by which 
force or energy w transmitted into unrful work, 
involving movement. But in the more cum 
prehrnsive proHcm* of applied mechanic* work 
involving motion n«*ed not U* assumed A ri*»f 
truss, or an »nh, or a dam ha* no motion, vet 
each doe* work bv virtue of it* stability, due to 
the constraint! relation* of It* various element*, 
and therefore the same principle* arc found 
present in each The dynamic force* acting 
upon nit hninsms pn*lorc motions of rotation 
1 angular velocity) or of translation (linear 
vehsMty). and each mav Is* titnform. seed era ted, 
or retarded These forces may Is* external, 
that i*. irti|»o*c<i from without (external f«*n'e*). 
These give rise to pn***ures, producing stresses 
Stresses an* defined, therefor**, as resistant** to 
alteration* of form If deformation occurs the 
Is sly *s strained Stress*** and strains occur 
U»th in static and dynamic problem*. The idea 
of e(|uilil«rium must not )•*• simply confined to 
the fttaMc. unstable, and indifferent state of a 
I* »dy in Ixilance It must Is* extended to include 
the static condition of the t**ly m a 

term which denote* either that the 1**1 v »* 
stationary or moving with uniform velocity. 
Kinetic equilibrium signifies that a l**ly i* 
undergoing acceleration. 

Centres. f ’timing now f<» the simple move 
ment* of 1**1 »es. we have the fact that these 
are referable to a centre. or point, or axis. Tins 
is obvious enough in the case of a rotating wheel. 
But it is convenient to assume the same thing in 
all motions - those of translation, a* of rotation 

-only in the first named the centre t* movnUe 
in spare, and is often imagined to le situated 
at an infinite distance away. This i* in harmony 
with the assumption of the mathematician that 
a straight line is an are with a centre at infinite 
distance. It simplifies raleuiat urns anti lead* 
to no error. When a laxly has a movement 
of translation its supposed «mt re is then denoted 
an ixgdii/oxtnifi rtnire , since its position changes 
instantly, a term, however, which has a wider 
application, to Is* seen presently. This aasump 
turn then covers all cases that can arise, including 
thoae m which a circle arc exists of immense 
radius, since tht* flattest arc must have a centre 
somewhere at a finite distance Thesf* t wo move* 
mrnts, therefore, that of rotation and that of 
translation, include all movements that can 
exist. But tbrsr move menu around a centre 
or axis may hr complicated. Fortunately, nearly 
all those with w hich the mechanician ha* to deal 
occur in one plane. f«r which calculations are 
much simplified. When motion* perpendicular 
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or In obiiqtt* raUtion to • pUae wrfw occur, 

Uufjr introduce other uroMrm* Few esemptre 

of tW« hotl*W, W ill occur 

IftfttiOtAMOUt Ootrt. Wf may now 

f t 1 4*in morr fully value *»f ilr m«t*iit«rw‘oui* 

or virtual ifiiln- urtilKHiwI just now 'Du* 
(llitfmifti Ijrlwuru thi* and * hied i* 

that tlir hr*t named <hange* it* * m 

«Unti)‘, a bile the ItUrr i* hied The virtual 
centre i* explained by thr relative motion »l tw*» 
rig ully cfKiatntnixl rlrnumu in a mechanism, 
the relative motion of which i* unaltrraMe, 
ju*t «* m that of thr rtm of a nhwl mot mg 
round it* axle, <* a l«ali twirled at flu* end <»f 
a string lirld m thr finger* 'Dm* relative 
(ton* of thr laxly ami it* rml rr do not change 
with thr fot*tiofi of thr wheel or thr l*all in 
h|MMr Nil, |t*n 4 though thr instantaneous #’•'1110' 
of a fix » mg bttl) mows, it ts-cupies * hx**! 
frlalitr |*o*l t It »n toward* thr /*<»«/ th of thr 
moving laxly, of thr rasent lat |x»int* m that path, 
ami thr relative |MMtti«»ti» of thr mo\ mg jM»mt 
ami thr virtual « rut r*- ar«- determined hi the 
(latMtrr lirtwern them, fixed rigidly bv tb«- 
connecting link of metal, * *r othrr material of 
thr m« h*m»m 

Thr m*tafit*nrou* ivntre ha* m» fut r«*ar t v 
rrlatioti to thr *kof« of thr |H»int oath, or 
path Uaol by the mot mg Im mIv Inat may 

I*’ straight, or » • ir» lr an. or l«- of irregular 
•h*|w Thr r«M*rntial fa» t is that all) l**ll 
lino mg in any |xi*h i* at ewri *u» i e**u e mutant 
tooling langentuilli to a lm* that nHilin I* it* 
movrmrnt, rotation*] f » *t »u mutant, with a 
« , e»»trr of motion for that instant Vnd tin* 
movement, whatever thr ultimate form of thr 
|*»int j»ath delineated, coincide* for rr h 
*i\ r instant with that of a hgurr rotating round 
a centre 

Several nsutu of a practical character follow 
Nuirr thr point jmth lira at anv matant tan 
Ifrnt tally to thr virtual radui*. all virtual radii 
for •mH'r«mivr jMwition* mu*t j»*x* through thr 
urtual centre The only caar m which thr 
iirtual ('rntrr t* at an mtmitr distance i* that 
of two j*unt path* moving in parallel Imr* 

An ad vantage of approaching thr study of 
mechanic* in thi* way i* that principle* arv 
simplified Thr Hxrd or permanent centre ot 
a rotating wheel or axle become* practu ally 
identical ut tt» study with thr instantaneous 
criitir ; oftm of rourr thr two ontirHh uln 
lately. 

C«atrod«. A* thr virtual « centre* change 
instantly in thr grnrral ram* of mm rotating 
Indira, thry trwrr a path in thru successive 
IKaUttW*. Yh»* i* termed thr omtnair. and 
thr aurfarr or locus of thr virtual aia i* tumol 
thr axodr 

Iltmilll. Wr nut consider thr meaning 
of what are tenad WWwJ*. thr name givrn 
to two pmewa hr which motion a constrained 
m to render all othrr momma impn***hh\ an 
ahaolutr mantial m marhtnr dmgn Thw aa 
dour in numrroua way*, hut it la uanal to ciaaatf y 
all aurh drvmrw under rithrr car of two head*. 
Pink they form either Iwrwtwg. or aftdiag year*. 


the fir»t being repreeented by the routton of 
a ahaft or ma in it* journal or bearing, the 
arrond by tlir movemmt of an engine afipper- 
U-t worn it* gmde*, or of a die in a alot link ; 
tlw* hr*i i* a inoi rinrnt of rri olution, the aecond 
oim* u( translation In l*»th cn*rn tb<* move- 
mrnt m < «mstrainrd to take plaee in din*etiona 
<»nly in our plan*-, and not at all in a direction 
prrju-ndK'ular thereto. 

\ MM'ofxl ( UuMufk'aUon u» that into Unrrr and 
httjhrr )>air» of element*, thr fir»t<namrd denoting 
a jMunt contact only, the aecond a aurface 
c< m tact Tfie last named i* that which i* almost 
imiirr*atly employni in machinery', tu'cauae of 
it* greater durability Tliat of the higher pair, 

• »r aurfrti'e contact, i* only pomiblr in plane 
neituHi, «»r movement* of revolution, and of 

alxltfig 

Llnh«worh. Minbanism* ami machine* 
an* now n*ganled «i* Uung built up i*f link- 
wiirk. < omprtHing combination* of txidtca and 
elffiient*. termed kinematic link*, and chain*, 
and arranged us turning or sliding pair*. The 
di«»tini turn IrtiMm u mo ham*m and a maeh*ne 
is. then, that l**tween the elementary combina- 
tions, and the complete emUxluwnt of the*e 
in a fixed lwi*e or standard which i* a static 
l»* *dy only, and a convenient means of *up|M»rt 
and at t rudiment to the kinematic link* and 
chains Ihith statical and dynamical proUcm* 
tb« n fore an imoticd in the construction of 
notch tics and prune mover*, and in tin* com 
pn*hcn*iie manner we projxwr to ngarti our 
*tihje« t If we pursue the auhject of kinematic 
|uur* one stag*' farther, wc *ee that each element 
of miicIi a pair may U> combined rigidly with an 
element of another jwxir without interfering with 
the relative movement of either Kvidently. tin), 
we are not I united to two such combination*, 
but there may lie aeveral Much, and to auch 
ombmation* the term rAata i* given. Out of 
thi* a large numler of *|ircial caar* arise , to 
whit h Heuleaux l)u*t dw-^aaed. aa these sheet* 
are going to preaal ha* given ajxH'tfie name*, ami 
a siws'iai notation, which are bring crystallized in 
technical literature all the world oi'er The 
sublet t i* rather too involved for treatment m a 
*h*>rt arrie* like the present, which must lie 
I'oniprtaed mainly of illuatrmtion* of practical 
iiusdianit'* simply rxplained. but the aubjrct 
caniit*! la* passed over without observation. 

I'nlea* we appntach the atudy of applied 
mts hanii* on the lines indicated in the fore- 
going paragra^iha. it i* not poaaible to graap 
the aitnilar fundamental prmcifiUw which under- 
lie many meebamam* that have not even a 
*u|trrticial memUame to each other ; nor, on 
tlie other hand, t* it easy to diatiaguiah other* 
which appear auperfictally to belong to the aame 
group the theoretical ‘and the practical are 
thua found conatantly overlapping, and in the 
practical «* always included the <|twatkiti of 
bilk *d material and labour, a factor 
which may Iv neglected bv the mathematician, 
but not bv the designer of machinery, and tka 
a* often wby one dev we m adopted in p rel emm 
tu another. 


m 
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t. in any system of reckoning w»* must ban* a 
unit tfunniity — tr a quantity with which wc 
<omparv the magnitude of other quantities <»f 
the warm* kind. With this unit quantity <>r. 
n»«>r»' shortly, this ant / — we use certain mi mttrr* 
t<» indicate how great any quantity iw. when com- 
pand with the unit. By the numU*r anr. or I. 
we mean a quantity which consists of a single 
unit. If wr then place another quantity of the 
*ume wort t»v the side of this unit, we gi t a quail 
tity which consist* of turn, or 2. unite B\ placing 
another unit quantity with these two, we get a 
quantity consisting of thru, of 3 unit*, and •**» »»n. 
The nest numlrn* an* called /oar, fin, ox, 
nght, nine ; they an* represented by the 

or ft jurr* 4, 5, 4, 7, 8. 9. 

NUMERATION 

2, It is clear that we might go on in tin* wav, 
letting each successive numlrr ha\e it* own 
particular symbol. Tim*, however, would la- an 
impracticable arrangement, wince we should have 
to remember the meaning* of so many syfiilsds 
The following method is used instead ; 

Suppose wre wish to count a given numler of 
pebble*. We count out 9 neblie*. and 1 nion* 
TW gives us a quantity which we call ten 
We neat count another ten, and continue 
until the pebble* are all arranged in grouji* of 
ten. and we have less than ten pebbles left. 

Neat, count out ten of these groups of ten. ami 
put them together into one group. This group 
<xxit*m* a quantity which we call a hundred 
< io on forming these hundreds until the number 
remaining of the little groups is less than ten 
Neat arrange the hundreds in groups of ten 
each of the new groups wiD contain a quantity 
which we call a thousand) until there are less than 
ten of the * hundred groups " remaining. 

Proceeding in this way, we must mdentlv 
arrive at a point where the pebbles are arranged 
tn heaps, of which there are Ism than ten. 

The following names are given to the sueces 
«ve groups. after a thousand : tendhoumnd, 
hfsM*do«isW, ten muQvm. hundred - 

Mite s, thamnand mi thorn, tenlhou*amdmjJJ»*m, 
hmmdndJbtmmmd'9Htlion t tdthon, JL wiffm - 


tt%U% <»a tw called n trillion, and whhi Wr hate thu* 
arranged the numlrr of |wbble* m groiqat of ten. 
hundred, thousand, etc . by using no more than 
the I, 2. 3. 4. 5. 5. 7. N. 9 Such a system, o. 
expressing numlierw m word*, i* called Sum** 
riUtt*n Since it i* lutsed on the figures fen, it m 
i died the I*eciim\l Syetem 

3. Ten i* called the firet fmmvr of ten ; a 
huntitrd the errand jMtwer « »f ten , a th >u«und the 
third ;io»rrr, and wo on. 

NOTATION 

4. We haxr ***efj bow any fititnla*r may l<c 

* xprcaaed in of ten. with the help «»f the 

t igun*« 1. 2, 3, etc. \N v muwt now tmd some 
< nfivpnM*ii! Hiii of representing thi» result by 
NVmlails. 

Suppose our numlier u* 4 ten thousand*. 
3 thousands. . r > hundreds, * ten*. 9 unit* Kti 
dently, if we agree that the f*»*Uioh of a figure 
dial l show to which jwiwer of ten it refer*. we 
need not write down the word* ” ten thousand*, 
etc . and the above numlier would lie written 
435N9 'That i*. we a grew* that the figure on the 
right hand shall represent unite, the one to ll»e 
left of it shall represent tens, the figure in the 
next place to the left shall represent hundred*, 
and wo on This is what is meant by the l*rnl 
\ alur of a figure 

6. It frequently happens that sortie power of 
ten is missing from a number We usr the figure ^0, 
called nought or rtpher, to indicate this For 
instance, in the numhrr 5 thousands 2 hundred*, 
there are no tens and no units, so the number is 
written thus, W(Jf). 

9. Names of the numls-rs let ween 10 ami 
1(J0 The numbrr II is railed eleven, 12 is 
fuv/rv, 13. 14, 15. are abbreviated from three- 
ten. etc t to thirteen, fourteen, etc 

*JU, or two tans, is called twenty 

30. 40, 50, etc , are called thirty, foely, fifty, 
and so on. 

7. In read mg any numbrr, such as I435K“, 
we abbreviate “ our hundred 'thousand, four 
ten thousands, three thousands, five hundreds, 
eighty, nine " into •• one hundred and forty- 
ihrwe thousand, bve hundred and eighty nine. * 

m 




•.H»*wwaNdb 
m taUcd it* &ftu. 

addition 

*. Addition <• the nvthnd for finding * 
nuujh^ equal to two or more numbers Ulwi 
together. TV result of adding two or more 
(ttimlwo k» culled their 

The « 4 gn -f . relied fit**, wnttm between two 
numbers, denote* that they are U) be eddrd 


TV ugn it mi abbreviation for M » equal 
to ** or " HjimU. n 

tO. The Dtudent must mekr himself perfectly 
familiar with tV Addition Table, consisting of 
the mo nt** of every pair of mimberi lew* then 10. 
He n»u«it know, without iwflUl effort, that 
4 4 11 - 13. otherwise hr ran never eipcct to 
become a rapkl worker. 

It. Kiftiti|>lc Add together MHl" ; 48214; 
.14 ; 7918 Wr first add the units, 7i 4 + 4 *8 
^ *21, i r 2 ten* 4 1. We cam/ • r. inelude — 
those J ten* wiih the trtiM in the given number* ; 
thu« 2 ♦ ft 4 I 4 3 f I 10 ton*, I hundred 
t It ten* ( arry thi* l hundred, and add it with 
hundred*. and w» *m It t* convenient to write 
down the gum miml»*o under <me another do 
that unit* conic under unit*. ten* under ten*, 
and so on drawing a line under the last number. 


TtlU* 

1 1 hi: 
48214 
14 
Ttflfi 


172m Am* 


Say, nentallv. 

it. III. 14. 21 ; i-arry 2. 
.1, 8. 7, I ft , < »rrv t, 
lit. tS; carry I. 

ft. Id. 17 , carry !• 

ft 


SUBTRACTION 

IS Subtraction m the mrthtxi for finding what 
numVr ** left when a given number i* taken 
away from a larger given number. 

Tlie result of subtracting tme number from 
another t» called their di/frrmce. 

Plainly, the difference between two number* 
t* the number which mu«l V added to the smaller 
to make it equal the greater, 

TV mgn called mtmu*. written between two 
numVrm. denote* that the wrund t* to V sub- 
traded from the first. 

tft. Ktamplr. Subtract 19C from 4052ft 
We have to find the tiutnbrf which, when 
added to 12X7, will make 4fUte5*. 

Write the smaller number under the larger, 
with the unit's figure under the unit * figure, etc , 
an in addition. Then, 1 added to 7. make ft 
f*ut down i Next, 4 term added to 8 ten* make 
IS ten*. Hut down 4, and carry* 1 ti e. 1 hun- 
dred), In thi* atep me have made the eighty 
Ml the amaller number up to me hundred anil 
twenty, and this <ms hundred fe* added to the S 
hundred m the tmaUer number. Hence, in the 
next •ten, weaay S hundred* added to ft hundred* 
make ft hundreds, rut down 2 Next, t 
thonaanda added to l thousand make 10 thou- 
sands. Put down ft and carry 1, finally, ft 
tea -thousands ukhd to 1 ten- thousand, make 
4 ten- thousands. Put down 1 


TkMt 



•wnsu , 

g and 4 mat* & MR? 1* 
ft a&d ft make ft, 

1 and ft mm* 10, carry 1, 

1 and ft make 4. 

14. By using the above method for sub- 
traction it become* a very simple matter to 
subtract the sum of several given numbers from 
another given number (greater, of couiwe, than 
that sum). The student will see the importance 
of making himself thoroughly familiar with this 
method when he gets to “ long division.’* 

K sample. Subtract the sum of 1092, 20975, 
and 435, from 50171. . . 

Put the figures down exactly as in addition, 
putting the 50171 first, and separating it by 
a line from the numbers below. Add the three 
lowest digits. in each column, and make the sum 
up ti» the top line, as in Art. 13. 

50171 Say, mentally, 

11*10 f>. 10, 12, and ft make 21, cany 2, 

J* ITr 5, 12, 21, and 8 make 27, carry 2, 

^ .i* r 0, 14, and 7 make 21, carry 2, 

. - 3 and 7 make 10, carry 1, 

277 tW Ant. 3 and 2 make 5. 


MULTIPLICATION 

15. Multiplication is the method for finding 
the sum of a given number of repetitions of 
a mimler. Thus 12 multiplied by 5 means 
12 4 12 ^ 12 4 12 + 12. ».r (10. 

Tlie number which is multiplied is called the 
muUtjiltrand. *nd the other number is called the 
multiplier. The result i* called the vroduct. 
T)»e multi fJicr and multi fJtcamd are railed factors 
of the product, ami the product is called a 
multifile of either of these factor*. 

The sign of multiplication is x. Thus, 12 
multiplied by 5 is written 12 x 5, and is read 
“ 12 tune* 5.** 

1ft In forming the product of two number*, 
it i* immatenal which numler is taken for the 
multiplier. For instance, in the product 4 x 5, if 
we make 4 the multiplier, th» result i*5 4 5 4 5 + X 
i r. 20 ; while, if we make 5 the multiplier, the 
result is4~t4-t4+44 4, i.r . 20. as before. 

17. It is now necessary to make a Multi- 
fJicatum Table , if. a list of the results of 
multiplying all the numhrrm from 1 to 12 by 
every' number from 1 to 12. 

Multiplication Table. 


12 3 4 5 8 7 

2 4 8 8 10 12 14 

3 8 9 12 15 18 21 

4 8 12 18 20 24 28 

5 10 15 20 25 30 35 
8 12 18 24 90 38 42 

7 14 21 28 35 42 4ft 

8 18 24 38 40 48 58 
ft 18 27 38 45 54 83 

10 20 90 40 50 09 70 

11 22 33 44 55 88 77 

12 24 98 48 80 72 U 


8 9 10 11 12 

16 18 20 22 24 

24 27 90 33 38 

32 96 40 44 48 

40 45 50 55 80 

48 54 80 68 72 

56 83 70 77 84 

84 72 80 88 98 

72 81 90 ftft 108 

80 90 100 110 120 

88 ftft 110 121 132 

98 108 120 1S2 144 


TV first column nmicts of the numbers 1 to 
12 TV steend column m nhfmed by adding 




m a* 

„ i tfc* retail 
of wrftiotjnBi UMlnteolcsB by 3. The fourth 
column » obtained by adding the third to the 
first, end so on. 


ft 


11 Rxiniph 1. Multiply 4507 by ft 
Hew we hew to find the result of repeating 
the number 1507 six times end adding. We 
first take six times the units' figure, then six 
times the tens" figure, then six times the hundreds, 
then six times the thousands, and add the results 
together. The p rocess is abbreviated thus : 


4507 

ft 

27<H2 A as. 


Say, mentally, 
six 7's, It, Varnr 4, 
six 0’s, 0, and 4, 
six 5’a, 30, carrv 3, 
six 4’a, 24, and 3. *7. 


Example 2. Multiply 5287 by 578. 

Here we find 500 times 5287. 70 times 5287. 
and 8 times 5287, and add the results. 


Thu* : 
5287 
578 


*20435 

•37(*»9 

4229ft 


ExPUtHATto*. risee the 
multiplier so that it* unit'* 
figure comes undrr the unit's 
figure of the multiplicand. By 
exactly the same process a* m 
Example I. me fina that 5 time* 
3055886 .4a*. 5:287 “ #*435. Therefore 500 
— — times 5287 » 2043500 (since 

each digit now has 1U0 time* 
it* former value. Art. 4). Next we find 7 
t:m*'* 5287 *•- 37000, and therefore 70 time* 
5287 * 370090. Finally, 8 times 5287 - 42296. 


• V4r that It U onnrrwsjry to affix th* dphew In U»a 
•rpmrmi* pn.lurt*, *im« the paint um *4 each digit Indicate* 
IU »alur. 0|j>ri« msljr we have <ml* to plat* tk* *r«f Apvr* <{/ 
*tu-K prmtuet immmiimUdy ww dir tax multiply**# diyit. 


19. MrLTtPucATiox nr Facto as. If the 
multiplier has factors, we may, instead of 
using the above process, multiply by one 
factor, then multiply this product by another 
factor, and so on, till we have used all the 
factor*. 

Example. Multiply 72486 by 147. 

147 **3x7 x 7. 

Then, 

7248ft 

3 

217458 

7 

152220ft 

7 

10655442 An*. 


19. Suppose, in Art. 11 the several numbers 
to be subtracted are equal to one another; 
suppose, for instance, we have to taka away 3 
times 10875 from 50171. 


50171 


8ay, mentally, 

throe 5't»l5» end ft- tl. cany 2, 
throe ?X It. 23, and 4 -87, carry 2, 
throe 8’a, 24, 2ft. and 5 -11, carry 3, 
throeO's, 0, 3, and 7 - 10, carry I . 
17546 Ana. three l a, 3, 4, and I - 5. 


DIVISION 


11. Division is the method for finding how 
many times one given number can be subtracts! 
from another given number. 

The first number is called the <f«ri*nr. the 
second number is railed the «hr»d«W. and the 
number of time* the subtraction i* done »* called 
the (juttimi. The number which remains after 
the last subtraction (if any doe* remain) »* called 
the rrmaimdtr. 

The sign -r written let ween two numter* 
denote* that the first is to ls« divided by the 
second. 

Division is also denoted by writing the divt 
dend alsivc the divmor with a line between thrni 
28 

Thu* 28 ; 7 and a each mean that 28 is to lie 
divided by 7. * 

22. Di vision may Is- looked upon in two way* 
Suppose we have to divide 28 marble* ainongut 
a certain numl**r of buy*. Then ( I ) if *»< a re told 
the numt**r of hoya we can find how many 
marbles each will get. <2) If we a rc told how 
many mar Me* each ls»y t* to have, we can find 
how many U»ys will get a *harr. 

23. It i* plain from the definition of dilution 
that 

cJivmor > quotient + remainder dmdend. 

24. The multiplication In Me enaMe* u* to 
divide any given mmilcr by a nurntwr less 
Oian 13. 


Example l. Divide 3729 by 7. 

We have to divide 3 thousands 7 hundred* 
2 ten* 9 units by 7. We cannot divide the 3 by 7, 
since 3 is less than 7. But their* 3 thousand* are 
equal to 30 hundred*, which, with the 7. make 
37 hundreds ; 37 bund ml* - 7 gne* 5 hundred* 
for quotient, and 2 hundred* remainder f ailing 
these 2 hundred* 20 ten*, ami adding the 2 ten* 
of the given number, we get 22 ten* to divide 
by 7. Tbi* give* 3 ten* for quotient anil I ten 
remainder The 1 ten is 10 units, which, with 
the 9 unita of the given numlier, make 19 units. 
19 units *r 7 gives 2 units quotient, and A units 
remainder. 

Thus the whole quotient consists of 5 bun 
died* 3 tens 2 units, •>. 532, and the remainder 
is 5. 


The work is written thus : 


7)3729 

532 quotient 
+ A rom. 


Hay, 


Aa*. 


mentally. 

seven 5*s, 35, and 2, 


37. carry 2. 
seven t\ 21, and 1, 
22, carry I, 

•even 1'a, 14, and 5, 
19. 


9! 



•MTKCMATUM 

Example 2. Divide 13.ISS by 12. 

Thu* : 

12 ) H1HH Iwlve 1 ’*», 12, and 1, 1^, 

carry 1 . 

1 1 619 quotient twelve 0<s 0, and II. 

vMT ) J | . 

(wflvc 9 *, UW, and 10, 1 1 
tarry l<>, 
tvrivc • *, 106* 

Hi# #1 xtre jtnxxm m cmHed Short LHritton* 

3ft. I hvkttm by 10, 100, etc 

ttuptwaw we have to divide 1297 l»y 10. Now, 
1297 - 129 Uw i 4 7, 1297 : 10 - 129 

quotient f 7 rem. Therefore, to divide a num* 
her tiy 10. w« have only to cut off the unit * 
figure, thi* unit* figure becoming the re- 
mainder 

himiUrly, to dilate by 100, we must cut off 
tm u figures Thus, 121*7 ! 100 * 12 quotient + 
97 remaiiKl«*r, 

96. I>»su Division. If the dtvHMir i* greater 
than 12. tl»e quotient i* usually found ley the 
jifuiwi known w long division. 

Example I. 1 >i vide 39576 by 31. 

IIimiimuaI to put ffirdit tdend between bracket*, 
fumed out w »rd*. and to write the diviwor m front 
of it. Now, 31 eiui not U’ divided into 3 ten- 
thousand*, so th« re w ill 
31 ) 393761 1279 quotient l*« r»<> ten thousand* in 
the quo! tent Hut 3 ten- 
thousand* .*10 thou* 
sands, whxh. with the 
9 thousand* of the di\ i - 
dend, make .‘til the u 
Hand* 31, divided into 
tht*. goes t thousand 
quotient We write I (thousand) in the quotient, 
tuuitifUy thedniJH>r by !,<**i »r inulti|ilv l»> J, 
twit tiegm writing under the place <«f the 

dividend ami suhtra* t the result from the di\i* 
tlend Tkts* Nv ofwrttfui** run l* df*mr in <mt 
as in Art 2t* 

Tl»e remainder <* M (thousands) Writing the 3 
(hundreds) of the divideml with the H (thou* 
Wanda) wr get HA (hundred*) v'» dn ided by 31 
give# 2 (hundred*) fi* quotient Write 2 
(hundreds) ut the quotient, multiply the dm*or 
by 2. and subtract tlvr pnsluct from S3. 

I Art, 20 ) 

The remainder » 23 (hundred*) l*n seeding 
** leltm we are that 237 (ten*) divided by 31 
give* 7 (tens) quotient, and after multiplying 
the divisor by 7 and subtracting, we get 2l> (ten*) 
remainder living down the 6 (unit*) from the 
dividend, making 206 ( uniU) ut all ; divide by 31. 
which give# 6 (unit*) quotient, and leave* 
remainder 29 (unit*) 

The comnlete quotient is therefore 1276, and 
the lettioiaif 29. 

Not# : (i.) that the remainder at any stage ran 
never be a* great a number a* the 
divieor j 


Ho 
237 
2nd 
2tt iv m 


(iL) always, after “ bringing down M a 
digit from the dividend, we most 
put a digit into the quotient. If, 
after bringing down a digit* wc 
still have a number less than the 
divisor, we put a cipher, 0, in the 
quotient, and then bring down 
another digit from the dividend. 


Example 2. Divide 67846250 by 843. 

Hem we do not get a number big enough to be 
divided by 843 until we use 4 figures of the divi- 
dend— ns. 6784 (ton- thousands). To help us 
to guess what figure is required in the quo! ient, 
consider only the 8 (hundreds) of the divisor and 

the 67 hundreds 

843)07846250( 80461 quotient. 

4062 know eight 8’s = 

6805 64, so the figure 

in the quotient 
1610 may be 8. If this 

gives too great a 
707 rem. product to sub- 

tract from 6784, 


then wc must try 7 in the quotient, and so on. 

After getting* our first remainder, 40 (Um- 
thouHond*), and bringing down the 6 from the 
dividend, we see that 406 (thousands) divided by 
H43 w ill give no thousands for quotient. There- 
lorc, put 0 in the quotient, and bring down 
another digit from the dividend. (See Note ii. 
al*ove.) 


27. Division by Factors. — If the divisor has 
factors, none of them being greater than 12, we 
may get the required quotient by dividing first by 
one of the factors, then dividing this quotient bv 
another factor, and so on, till we have used all 
the factors. The only difficulty* of such a process 
not yet explained is the formation of the re- 
mainder after each division. 

Example l. Diwde 12459 by 56. 

Tim* : 

7 12459 


H 


1779 t 6 rem 
222 ♦ 3 (*r\rn**> n*m 


rem. « 

|3 * 7 + 6 =~ 27. 


Since 5b 7 * H, we first divide 12459 by 7, 
which gne* 1779 (*e\ms) and 6 rem. We next 
divide the 1779 sevens by H. We thus form the 
1779 sevens into 222 groups, which each contain 
8 sevens, « r 56, and find we hate 3 seven* left 
over. These 3 urutti and the 6 left after the first 
dinaton make the total rem. 27. 


Example 2. Divide 157651 by 20 

l*se the factors 10 x 2 
2q ) 1 57 65 \ Diride by 10 as in Art. 25, 

~ n — « 13765 and 1 rem. 

7tHBs + 11 rem . fjiviiJe this quotioot bv2, 
giving 7882 and 1 rem. 
Tb# total rem. m therefor# 1 tco t l, u 11. 



Kuaplo 3. Ih\ »dc 8576ft by 3*3. 

3*3 I X | X j . 

Hrnoe : 

7 62769 

7 jjt<*24 + 1 
7 | 1689 + 1 
2 *1 4- 2 

Form the real, after the neaod dirwaon eueUv 

an m Example 1. We now hare 1669 troupe of 

49. Diridiag three by 7 w* get 241 quotient, and 

2 group* of 49 rem. Tnerrforr, we hate altogether 

2 x 49 + 8 « 106 rcm 

EXAMPLES 1 

1. Kind the value of 27291 4 I423MA t 22 , 907 

+ 600298. anti write the answer in wont*. 

2. The sum of two number* t* 1789402 ; the 

greater in If 192433 What in their differ* 

etire ? 

3. What nunitrr must U* added to the *u in of 

1234, 3.31*26. 1 33, 21*73. in order -that the 
Mini may l* 1 ftoooo* 

4. In a tram containing 3x9 pa**cng»rs. 177 mm 

lirxt and class, 2***2 an* first and 

thin) Ho* many arv there in rvh rUm ' 

5. Multiply tot 14 2*13 b v 21*7; tM 309804 |.y 

8033 * 

6. V man Uuight 121* sheep at 3.3 'dulling* c»< li. 
and x2 at 4.3 shilling* each I# la* *rlK 
tie* whole at 42 dulling* each. bo* m*u\ 
dulling* doe* he gain or hwr * 

7. I* \iie(«) 1312313 by 10.3; <M 6**20.33 b\ 32a ; 

u) 3Kiii;>ui'ix4 l.v 

8. A mun «i|<l m nuniiwr of intlli- f«t Lni> > 

which co*t him £72**, thu* gaining £2 on 
each animal What did each annual » o*t 
bun ? 

9. Ihvtde 27** marble* amongst 3 boy*. w* that 

for every two lb** first l*»v get*, the *»•« *»nd 
may get ihw, and the third may get four 

10. liow many pound* of *ugar at .*+/ a pound 
ripI he given in exchange for H2 pound* 
of eoffee at iHdf. n j*»iind ? 

DECIMALS 

28. We ma # v now extend the ayateni of 
notation explained in Art. 4 so a* to ineluib* 
quantities winch an* le-e* than the unit 

If we have a quantity ten of which would 
make a unit, thu* quantity i* railed a tenth 

Similarly, a quantity ten of which make a 
tenth, t* called a hundredth. Continuing in the 
«uw way. we ha%e a tkoueandth. a tmthnumndth, 
etc 

29, Suppose nr hare to measure a given tine. 
Having choarn our unit, we ran find how many 
'ompiete unit* the line con tarn* 1/t the 
number lie 127. and auppewe there hi wtaJl oorar 
portenn of a unit left. 

We next find how many tenth* there are in 
th«a portion. Say there are 6 tenth*, and that 
* mm portion of a tenth remain*. We now 
anwort how many hander Uh* thU portion of a 
tenth < ontawia. wy 4 hundredth*. 


1x7 + 1 » 8 2x 49 + 8 
« 106 rm 


And ao on. until either there m no remainder, 
or we have meaauied the line to a* great a degree 
of accuracy a* we require. 

The length of the unr ha* now been found to 
he 127 unit \ 6 tenth* 4 hundredth*, an 1, making 
the *aine convention a* m Art 4. at. that the 
p tm tiom of a digit shall indicate to which power 
of ten it belong*, we may omit the word* 
*' units, “ tenth*, ate,, pn mdod we nth it tkm 
m*ieh istUwni'* H§ 6. Thla I* dona by p'oeing 
a point (called the dicfmof point) between the 
unit * digit nod the tenth** dgit Thu* the 
shove number is written 127414, and is read 
* one hundred and twenty*** ve© point six four." 

TV rule* given for addition subtraction, etc,, 
alao apply to decimal* 


Afinmov 18 Dhiimux. 


30. Example 27 293 * 02*7 4 391 88 4 

1* 1 846 


Write the numlrm so that IW saute power* 
of JO romp under one another, a* in Art. II. or, 
what t* the same thing, write tlie number* so 


27 233 

<i 87 
;» »t tin 
it 1 8*n 


that the decimal (mutt* come 
under one anotlier Then pro 
«wd exactly n« in Art II 
elding the ten thousandth* 

first. H, 13, < firry 1, etc 


028 JHh3 I m* 


>1 mun inH I X hr.i IMM.S 


21 6.31 
0721*3 

21 37803 fn« 


31. Example Siibtra»t 072 A3 from 21 0.3 1 
Write the first niitnU*r under 
the so'ijfid. * o that the |*»mt 
come* under the |m»iii( Pro 
eecd a* in Art 13 reinem 
firring that wc may consider 
there arc O'* also** the 1* and 
.3. Miner in 21 »*3I there »rc no ten thousandth** 
and no hundre 1 thousandth* 

8i»y, mentally. 3 and ft make III, < arry I. 

lo and 0 make 10. carry I 
3 and 6 make 11, carry I. etc. 


32. 


Mt I Tiri.li ATIOX IX llKrJMAL* 
Kxkmph 1 Multiply 87 432 »*y .364 


H7 432 
.VU 

4371*1 *i 
.324.3 92 
34ft 728 

19311 64M 4«o 


lla*** the multiplier so that 
it* anti • d%y%t ctfmt* undrr thr 
right hand digit of thr multi 
jdirand Then priced a* in 
Art 18, Kxanifoe 2. » r pla^e 
tf»e first figure at eac h proiu/ t 
underneath the multiplying 
digit The dertmal iMiint of 
Uh» answer will llien le 
directly under the tie imd 


Knnl *d the multffdKwiMi 
Example 2. Multiply 31 36 by 3 49 


31 36 
.3 4ft 

.37 Oft 
12 624 
2 8404 
73-2644 An* 


A* lirfore, plaice the unit** 
figure of the multiplier, «> 
the ft, under the right hand 
digit of 31*56. and prra?eerl 
a* above 


93 
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of life w rail animal It would !*• well to con* 
«uk both for * moment 

Tlie kt»w«ft tin* !wt> i*, i^rhij]*, 

most apparent m thru food. Vegetables can 
live *m inorganic food and animal* cannot. The 
vi*grt«Ur can live on carb tm, oiygm, hydrogen, 
or (ulruftm, and build them up into organic 
conijKrtjfid* Thr on the contrary. ran 

only live «*» otH'h organic compounds, and ran 
therefore only ei»*t on a vegrtaMc world Thi* 
vcgctalilr Moris* the force which tin* animal 
epende, A vegetable may le aptly < ompw«l to 
a hard working father ac# ntiiulating large store* 
of wealth, while the animal rather resemble* 
the »|w*ndthrift mm who di**jp«tr* it Of course, 
vritrUMo do nfiend noRir of their force, and 
animal*, on the other hand, storcsomc of their* 
J>»ru of vegetable* (the layer* of hark, 
etc ) are tifrlr** and are subject to *u«*h slow 
change* a* to feaemMe mineral* ; ao within 
animal Iselic* many j»r«« r**r* are performed by 
whuh fore i« store! and not etjM*ndetl. mid 
stub part* ivemMr vegetable* in thnr action, *«* 
that no *i tual hard ami fa*t luv* can 1** drawn 

Knr phenomena of life here claim attention 
Hinrit, t.wowru, hnniTutM, l»r.< ay, and 
l>run 

Birth mark* the definite tirgiimmg of separate 
rxistrlMr, amt l* an e*aential of every ll\ mg 
thing, in that it implies that all life, without 
eveplmti, i* obtained by tidier i lam e ; and never 
mice it first originated. an far a* we know, ha> 
l*-g\m dr woo. fir fore the day* of exact 
roars rt h, the contrary w a* Iwlievrd to In* true, 
ami the piesrnee of life in decaying animal ami 
\egetaUe matter wa* *up}M»«od to prove that 
life mold exist without previous life It in 
needles* now to ahow how the Jirogres* of m iriKt 
jinornl thin to lw a fallacy, demount rat mg that 
every form of lowest life did and couhi only 
npnttg from a |»arent of the name sjtevie* Ku*ry 
effort to prove the theory of *jM»ntaneou* 
generation ha* m< far failed , and where adequate 
cart' m* taken to exclude life from animal matter, 
no putrefaction take* place, and no hung form* 
are found. 

Growth i* not routined to living bring*. but 
m them tt take* plat in a totally aiffrrmt wav 
from that m the inanimate world In a errata* , 
for instance, or ui rock formation. growth take* 

{ dare by the mechanical addition of layer after 
aver, the rim* tUrlf taking no part in the 
proem* ; and growth continue*, moreover, in- 
definitely In a living organism growth i» the 
tvsult of change and tnctvaar in every part 
throughout the being, and this growth, no long 
a* it ip healthy, ha* atrvol limit* beyond which »t 
cannot continue 

Dtralopmtal i* a phenomenon which ha* 
no parallel m the inanimate world A* growth i* 
an incraaae in quantity, ao development i* an 
turreawe tn quality, hetng the perfect adapting of 
mean* to and a. of machinery to work through 
continual oar. Every amass of the body, in- 
cluding the brain, i* thus developed by uae, and 
becomes not only larger but move vigorous, and 
bettor adapted fcr tie work, 

m 


Decay i* now understood to be a constant 
manifestation of life. It used to be thought 
that life consisted in a power to resist decay, 
and it was only when life ceased that decay 
tx*gan. It i* now found, not only that decay 
i* an mcesxant accompaniment of life from 
birth, but that perhaps it i» positively more 
active during life than afterwards. It is true 
that the effects of decay are not obvious during 
life, a*, on the other side of the balance, the 
opposite force of repair or growth serves as a 
counterpoise to keep the body in ik dynamic 
equilibrium ” ; but when the summit 0} life is 
j M is s ed, repair get* more and more feeble, and 
nt last, ceasing in death, leaves the field free for 
the ravages of decay. Life is not, then, a power 
that resists decay, Init, on the contrary, a force 
that cannot lie manifested without it ; every 
movement, every look, every thought, involving 
the decay and destruction of a certain amount 
of 1 * sly tissue. 

Death i* a phenomenon quite peculiar, and 
1 in •esnurily so. to life ; for it is obvious that 
nothing can cease to live save what has lived. 
Hut it is not so mueh an interruption of life as 
t he final attainment of an end which was a 
nn>sMt\ from the liegmnin^. and toward* which 
e\ ery act of life tended Kxactly as every l**nt 
of an eight day oh»ck 1* a steji toward* the final 
Mopping of the mechanism, which is definitely 
arranged to takr place at the end of eight days. 
*0 every movement of the l»ody, and even day 
that it exists. 1* a stej» towards tlmt end for 
which it was constructed, every l*»dv !**tng 
math' exactly like a clock, to run a definite 
time, although, of course, it may be stopjied 
lief ore - as a dock with the finger hy discoae 
or accident No cause, however, is known why, 
in a body, when the machinery has tiecome 
jierfeetly well balanced, and decay and rej*air 
a*r equal. K should not continue so indefinitely. 
Seeing that it i* self repairing, instead of wasting 
away after a certain number of yean*. 

The Throe Signs of Humia Life. The 

sign* of life that arr essential to life may la* said 
to lie three in number breathing, the tooting 
*>f the heart, and warmth Hrtaih%ng is an 
casen tia! sign of life, and generally there is 
respiration eerrntem tones a manat* TV air 
find, unlike the solid and liquid food, must 
l«r 1 nee-soon Uy taken, and there can therefore be 
no life without breathing 

The heating of the heart, again, is essential to 
life, generally about seemly Cm*** a men ate. The 
supply of fresh fond to the body cell* by mean* 
of the circulation of the blood' i* a nnvwity of 
life When the circulation c e a s e * life must cease. 

These two signs are concerned with the 
maintenance, or the vegetative side, of animal 
life The thud » move connected with the 
purely animat side, or the spending of force, 
and 1 * heat The living body ** always warm 
tn some parts. tU general average beat being 
that of hot water about 9A| deg r ee s Fahrenheit. 
To maintain this reouires considerable force, but 
it is navnUal to fife. A body that m cold 
everywhere is dead. 



Three, then, •« the three resentiml signs of 
life. It may be thought strange that no mention 
baa been made of motvmewl aa an inherent 
quality of life* and particularly and obviously 
of animal life. The truth is that the mere fact 
of an animal being able to move is not more 
wonderful than that a steam engine can do the 
Maine, and movement is therefore not a special 
min of life. Moreover, active life can exist 
without any movement at all, save the two 
which have been indicated — breathing and the 
testing of the heart. 

Ufa aa n Journey. Let us now look on 
hfe in another aspect — aa a journey. The 
journey may he roughly divided into three 
»t*gr*, each lasting about twenty-five yearn. 

T1»« first stage, which is all uphill, consists of 
growth from one to twenty-five years of age. 
During this time is being built the house which 
has to be lived in for seventy-five or eighty 
years, but unlike other houses, it is occupied 
while being constructed. 

I hiring this time foroe is being stored up faster 
than it is being spent, despite the fact that the 
expenditure now is so heavy. Not only arc all 
movement* active at this time, but the size of 
the body is continually increased. Still, it is 
mainly now that those reserves of foroe on 
which the maintenance of health so largely 
dr 'pend an* accumulated. 

The great essential during this time is an 
abundance of suitable food. Houghlv sjteakmg, 
the Isaiy at birth is a quarter of its full height ; 
at two and -a half year* it is one half ; at ten, 
three quarter* ; while the full height is readied 
about twenty. This shows the necessity for 
an abundance of the l>c*t building materials to 
o*i*truct it. 

The Nccund stage in the journey lasts twenty* 
h\ e to thirty year* -or from twenty-five to fifty or 
fifty five — and should be a period of steady good 
health, when the condition of dynamic equih* 
bi'Jtn or the balance of life is preserved, a* i* 
m»t the case in the other two stage*. In the 
t»r*t Mage repair exceeds destruction ; in On* 
lost, destruction exceeds repair. In this thin! 
*tage. however, the two should bo balanced. 
N'»much food in proportion to the sire of the body 
»* not required now, as it no longer grows. 
Moderation in all things is prrhaps the best motto 

Thu Decline of Ufo. The third stage 
j* that of decline, and extend* from fifty 
‘*r fifty-live to seventy-five or upwards. The 
< hange from perfect health is at first most 
gradual, and in some may not really begin 
t«H nearly sixty years are reached. The manner 
of life may, of course, accelerate or retard 
the change, which soon becomes more marked 
It may generally be described, where healthy, 
as a shrinking, drying, and stiffening of the 
tissues. Less food m required as the lamp of 
hie burns more dimly ; and to those who die 
what may be called natural deaths, the last 
* hange comes very gradually and gently. When 
we speak of “ natural deaths " we mean such as 
are the result of the running down of the dock 
°f life, rather than those due to the premature 
stopping of the works through accident or 
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disease, so largely the offspring of carelessness 
or ignorance. 

It is quite a part of physiology* to understand 
that the life force in each man is a definite 
quantity exactly parallel to that stored in a 
\raU. *pi.ng ; and each human bring is run- 
strut ted to ** go,** or to live, a certain definite 
time. Those wl thus die from the expiration 
of their life foreran alone lie truly said to die 
natural deaths. Only about one in every nine 
so die in this country*, the other eight do not 
live out their days. 

length of life’ n ece s sar ily is not, however, 
always an unmixed good, and should not in 
itself lie an aim. It Is well and wire, of course, 
to guard against what may be termed suicides 
of careh^teness and ignorance, and it is partly for 
this pur]HJ*o that these pages ate written. Hut 
it is of infinitely greater importance that the life 
so guarded should be spent wisely and well, for 
the good of others and the glory of our ( ‘reator. 
Whole Life. This brief survey of life 
w*ould be ciuite inoonifilcte were it entirely con- 
fined to a description and definition of that part 
of it alone which is entirented with physical 
cxistemc. 

The old division of iiisii’n life into three parts 
— body, soul, and spirit — is now largely justified 
bv physiological psychology. Tlie mere Issly 
life consist* m trtsiing , the soul or animal 
life in ftun %ruj and spending the life force ; and 
the highest, or spirit — intelligent, moral, and 
intellectual life— is what really constitutes Uvtny 
to a man. 

ls*t us repeat, 

Ifcsly and Jfidy life Kxisting; 

Soul anil Animal Life Moving; 

Spirit and Spirit life Living 
It is not a little startling to note m this eon* 
flection the extreme accuracy of St. I'anl's 
threefold dc*M ription «*f fife to the Athenians: 
"For in Hun we live (spirit life) and move (soul 
or animal life) and have our firing (bodily life.)*’ 
The Psychic life is partly conscious and partly 
unconscious. Broadly it may lie said that s)>oot 
half the spirit and animal life is conducted 
within the range of c<m*<'iou*ne** and alsiut 
half without, wholly or in part, while all the life 
connected witfi existence merely t* regulated 
entirely unconsciously. The government of the 
body u* thus conducted quite unconsciously ; 
while that of the spirit is partly the unconscious 
outcome of character, instinct, and |jrrhap* 
higher influence*, and partly that of conscious 
will and purpose. 

Wc cannot pursue this part of life further 
As tbs subject properly belongs to iNiVOiotocnr 
It is mentioned here, because Ijfc, after all. 
is one, sod it IS well to recognise its higher 
as well as its lower side. We can now turn 
definitely to study Phyxioi/ksy. 

THE PLAN OP THE SOOT 
The individual man, as a whole, is increasingly 
forgotten both is» pbvwob gy and in medicine, 
owing to the extraordinary minuteness and 
exactness with which each part and organ is 
examined and described. Specialism is rampant, 

IK 
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aSATMIMATtO* 

A little (vwuuderatton will ahow l hr truth of 
th* iUU*mmt that thr (krimi) pornt of the 
«n»»rr will le dimply under thr drcimtl jxnnt 
id the multiplicand. in Kiamplr 2, when we 
multiply I ry ft i* * ft imiU) I t* il«uf that ft time* 
A hufvimiib - 30 hundredth*. «ml ihrrrUttr we 
|iut tir 0 in thr kmndrnUkM place of thr multi- 
|4tr*fxl Similarly, m thr *eeond line we are 
multq dying hy 4 tenth* and there!* ir* tlr jiendiv t 
I* written one (»bwe furtiirr to the right then if 
we were multipl ymg by 4 •*»*!.* i r we aga in 
put down our liml figure under die multiplying 
digit ami tlie decimal pmnt of tiie product will 
ogam hr under the |Mitnt of the multi pi if and. 

Note It u» evident, from the way the nrodtirt 
t« formal that the nunilef of decimal jAaeca in 
the product will ai a my* Ir equal to thr* Mini of 
thr uumi«r of dn inial plan* in the multijdier 
and thr multiplicand Thua, in K&am|4<* 2, 
there are two |ilafr« of decimal* (» r two figure* 
to llie right of the pftint) in 31 56, and two 
(floor* of decimal* in ft 40 . am) we found 2 r 2. 
-4 j4aee* in the prndu* t 173 2014 

Divim*>n 1 )£< t u a ir 

ss id) I h \ uu« m of m do iihaI by a whole 
number 


Kumplr I Divide 1*2754 hy 4 

A* hi Art 24. wr fin ale 4 into 
4)1*2751 In (untU) and have 4 (mol*) 
4 , t 1 **** and 2 unit* remaitifler 

.since the 4 i* the unit'* t»jf *irt* of 

the quotient. wr write the «|t*t uual 
|a»inl snimmluHely after it Then, the 2 unite 
remainder arid the 2 tmtli# of tin* dii aloud make 
22 tenth* to la' *li% wind hy 4. and a* on lla^ mg 
reac hed the 4 (ten thotmandtha) of the dividend, 
we tmd H (ten thouaandth* quotient and 2 
remainder Thu* remainder i* 20 hundred 
thotiaandth*, winch when divided hy 4 give* ft 
(hundred thomumdih*) and no furtlier remainder. 


Kum^' • Jhvwle 1*2758 hy 11. 


11)1*273* 

1 . 


Here we tind the digit* 3. II 
repeated indefinitely in the 
quotient. Decimal* of tin* 
wort will le fully tHUvudered 
later. 


K*am|4e 3 Divide 334 43 hy 184 
1*4)334 43(1112(123 Aim 

17tH iVooeeduq* an in Art. 2ft, we find 

the hrwt figure of tiie quotient 
AH3 a obtained hy dividing 1*4 into 
1130* 334 umta Having now rearhed 

the decimal point in the divi- 
dend. we aiao put the decimal 
|awnt in the onawer. and go on 
' ’ aa lefurr 

* At tht» ita|* U«w* I* a rawMUwO a f t I* (watwtUa W* 
Utw <h«» i (raw Ua ttUAwf. art vAWala tWUmwiaAla, 

«*a 

(h) Dinamo by a decimal. 

Kitinph 4 I h vide 104003 by 7 83. 

Ilfffw 7 A3 m 7*3 hundredth*, and 104603 ia 


T* t* 


106 03 hundredth* ; no that the required 
quotient i* obtained by dividing 106603 by 
7*3. 

Therefore, to divide by a decimal, move the 
point aa many place* to the right aa will make 
the dtviaor a whole number : move the point in 
the dividend the name number of placet to the 
right. Then proceed aa in Example 3. 

Thu* : 785 ) 1066 03 { 1 358 Ans. 

2810 

4533 

6280 


Example 5. lhvkie 176 4 by 00012. 

Here, to make the diviaor a 
whole number, we have to 
move the point 3 place*. 
Therefore we alw> move the 
point 5 place* to the right 
in the dividend, brut writing enough O'a after 
the 176 4 to enal4e u» to do no. 


12 ) 17644)000 
1470000 Aim. 


EXAMPLES 2 


1. Fiiif! the value of 48 207 4 304862 -4 1*0095 

* K i 101-63 t *925. 

2. Arid together 59*0425. 018.77.2 475, 2 1, 

4**121. 

3. Subtract (a) 7 -9*624 from 14 571 ; (h) 524*03 

from 7291*8147. 

4. Kmd t 1m* difference Irtnuen (a) 1 1 435 and 

72183 ; (f>) 589 and -580. 

5. Multiply (a) 72*94 hy 325; (3) 1 *018) hy 

5i)76; {r) 2*15 hy * 5128 
tL Multiply (o)53 84124* hv 9*625 ; (6) *775 by 
I 476. 

7. Divide (a) 2 5463 by 125; (6) 3*1 116 by II; 
(r) 1316 8 by 4800. 

8- Divide (a) 43*43 by 17 ; (M 713*041 by 124. 
9. Divide (a) 43 by 48125; {h) 1864302 by 
3 142; (r) 4)1077687 by 5 49; (</) 50 1 In* 
•00*35 

ta Divide (a) 300 by 4JU25 ; (6)954)9*5875 l>y 
34 75 ; (f) 40 7295 by -00*62. 
tl. How many time* can 4413 be »ubtr*cted 
from 364 19*3. and what will be the 
remainder ? 

IS Find the dividend if the divianr. quotient 
and remainder be rvwprctivelT 725 625, 
812, 34175. 


13. Simplify 
li Simplify 
IS. Simplify 
tl Simplify 
CtMtmmtd 


4137 32 

2£ * * UH 
6-M KS 

«a + '«• 
f *H + -0018 
~ S-7 + -0I» 

US , « 

“ -015 ' 


M 
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of hie wr call animal It would lr well to eon- 
»kW both for a moment 

Tiw dilYrrmir tirttffii the two »*, lrrhip*, 
rnixt apparent in their food. Vegetable* van 
live on inorganic food and animal* rtnnot. The 
v^npUt4« can live on rarUm, oxygen, hydrogen* 
or nitrogen, and build t^in up into organic 
compound*. The animal, on the contrary, can 
only live on such organic otmp'undi, and rati 
therefore only exist on a vegrtalAr world. The 
vegeta l»lr st trees the force a hu h thr animal 
spends A vegetable may lv aptly compared to 
a hard working fattier accumulating large store* 
of wraith, while the animal rather reseiuMr* 
the »|riidthrift am who diwijatr* it. (H (‘ouru-, 
Vcgrt*l4e* do s|M»nd some of their force, and 
animaU, on the other hand, * tore aomr of their* 

I*rgr j*arU of vegetable* {the layer* of hark, 
etc ) are lifeless and are subject to *«u h alow 
change* a* to rewmldr mineral* ; *<» within 

animal l«»d»e* many |»r** e*ac* arr performed by 
which force is stored and not expended, and 
siudi |«irt* resrtiitib* vegetable* in their a< turn, w* 
that no Actual hard and fa*t 1 in ^ can !*• drawn 

Km phenomena of life here claim attention 
litatit, tiiu»WT»i, hr* ncrarvi. I»n iy, and 
bum 

Birth mark* the drtmitc Itegintung «»f separate 
existence. and l* an eaarnlial of every living 
thing. III that it iiiioIh'* that all life, without 
encvptmu, »* obtained by inherit ante ; and never 
ailue it tir*t originated, a* far a* we know, ha* 
Itegun dr Hrforr the day* id run t 

reseat' h, the contrary «om> Irlirlwl to la* true, 
ami the prornt'e of life in 'lecaying animal ami 
vegetaMr matter WA» at»p|M»wd to prove that 
life could nut without prevuni* life It i* 
IiohIIimm now to ahow how the progre** of m lew*-** 
proved thia to l»e a fallacy, demonstrating that 
e v erv form of low eat life did and could only 
*|>nng from a jvarrnt of the same specie* Kim 
rttort to prove the theory of *|x»ni«nrou* 
generation haa ao far failed ; and w here adequate 
care m taken to exclude life fr\»m animal matter, 
no putrefaction take* (dace, and no living form* 
are found. 

Growth i* not eontmed to living Iwmg*. l*ut 
tn tliem it takea place in a totally different wav 
from that in the inanimate world. In a crystal 
for inatanee, or in nwk formation, growth take* 
dace by the mechanical addition of layer after 
aver, the mass itarlf taking no pari tn the 
pr o eeaw ; ami growth continue*, mureo ver. in- 
definitely. In a living organism growth i* the 
result of change and increase in every part 
throughout the bring. and tku growth. so long 
a* it »» healthy, has strict limit* beyond which it 
cannot continue, 

Daralopmtal » a phenomenon which haa 
no parallel in the inanimate world As growth is 
an increase u> quantity, ao development a an 
in cre as e tn quality, being the perfect adapting of 
mean* to end*, of machinery to work through 
continual war. Every organ of the body, in- 
cluding the brain, ta thus developed by urn, and 
hec o me a not only larger hut more vigorous, and 
better adapted for it* work. 
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Decay i* now understood to be a constant 
manifestation of life. It used to be thought 
that life consisted in a power to resist decay, 
and it was only when life oeased that decay 
began. It is now- found, not only that decay 
is an incessant accompaniment of life from 
birth, but that perhaps it is positively move 
active during life than afterwards. It is true 
that the effects of decay are not obvious during 
life, as, on the other side of the balance, the 
opposite force of repair or growth serves a* a 
counterpoise to keep the body in “ dynamic 
equilibrium ” ; but when the summit of life is 
passed, rejiair gets more and more feeble, and 
nt last, ceasing in death, leaves the field free for 
the ravages of decay. Life is not, then, a power 
that resists decay, but. on the contrary, a fon , c 
that cannot lie manifested without it ; every 
movement, every h*ok. every thought, involving 
the decay and destruction of a certain amount 
of Is sly tissue. 

Death i# a phenomenon quite peculiar, and 
n«M'c«%anlv ho, to life ; for it is obvious that 
nothing i aii cease to live save what has lived. 
Hut it e* not ho much an interruption of life as 
the final attainment of an end which was a 
net-Mity from the U-gmning. and towards which 
••very a< t of life tended Exactly as every l«eat 
of an eight day chick i* a step towards the tinal 
stopping of the mechanism, which is definitely 
arranged to take place at the end of eight days, 
K " every movement of tin* Indy. and every day 
that it exist*, is a step tow aids that end for 
whnh it w ns < ouMructed. every lady !*emg 
math' exactly like a clock, to run a definite 
time, although, of course, it may be stopped 
l* forv as a clock with the finger — by disease 
or accident No cause* , however, is know n why, 
*i» * lady, when the machinery has become 
perfectly well ladanccd, and decay and repair 
* rc equal, it should not continue so indefinitely, 
seeing that it is self repairing, instead of wasting 
awav after a certain number of year*. 

Thw Threw Signs of Mumtn Life. The 

-igtiH of life that art* essential to life may lie said 
to Ivr three in number breathing. the treating 
t*f the heart, and tcarwiM Breathing is an 
essential sign of life, and generally there is 
respiration set* nteen times a minute. The air 
find, unlike the sold and ltqud food. must 
lie incesaantty taken, and there can therefore lie 
no life without breathing 

The beating of the heart . again, is ess e ntial to 
life, generally about seventy times a minute. The 
supply of friwh food to the liody cells by means 
of the cirrttlaUon of the blood* is a necessity of 
life. When the oirruUUon ceaaes life must ceaae. 

These two signs are concerned with the 
maintenance, or the vegetative aide, of animal 
life The third is more connected with the 
purely animal aide, or the spending of force, 
and is heat. The living body is alwavs warm 
tn iwnne part*, it* general average host being 
that of hot water about 96) deg r ee* Fahrenheit 
To maintain this requires cocwaderabie forte, hot 
it t* essential to tile. A body that it cold 
everywhere is dead. 



Thaw* then, are the three eeeentiaj signs of 
t«|e. It may he thought strange that no mention 
fcuMi been made of movement as an inherent 
quality of life, and particularly and obviously 
of animal life. The truth is that the mere fact 
of an animal being able to more is not more 
wonderful than that a steam engine can do the 
Maine, end movement is therefore not a special 
*tgn of life. Moreover, active life can exist 
without any movement at all, save the two 
which have* been indicated — breathing and the 
heating of the heart. 

Life aa n Journey. Let us now look on 
life in another aspect — as a journey. The 
y mrney may lie roughly divided into throe 
stages,* each lasting about twenty. five year*. 

The first stage, which is all uphill, consists of 
ffowth from one to twwnty-five years of age. 
1 hiring this time is being built the house which 
has to lie lived in for seventy-five or eighty 
year*, but unlike other houses, it is occupied 
while being constructed. 

During this time force is being stored ut> fust* r 
than it is being spent, despite the fact that the 
cxficndituro now is so beavy. Not only arc all 
movements active at this time, but the sure of 
the Uxiy is continually increased. Still, it is 
mainly now that those reserves of force on 
which the maintenance of health so largely 
depend an* accumulated 

The great essential during this time is an 
abundance of suitable food. Koughlv shaking, 
ti»e l*«dy at birth is a quarter of its /till height ; 
at two and*u half years it is one half ; at ten, 
three- quarters ; while the full height is rein hed 
about twenty. This shows the neocssity for 
an abundance of the best building material" to 
c<nv*truot it. 

The second stage in the journey lasts twenty 
fne to thirty years —or from twenty-five tofifty or 
fifty -five — and should lie a period of steady g<**d 
health, when the condition of dynamic eqmli 
l*r.um or the balance of life is preserved, a* n 
not tin* case in the other two stage*. In the 
hnu stage repair exceeds destruction ; m the 
l**t, destruction exceed* repair. In this thirtl 
stage, however, the two should be balanced 

much Laid m proportion to the sire of the l*jdy 
i" not required now, aa it no longer grows. 
Moderation mall things is perhaps the beat motto, 

Ths Dsclias of Life. Tlie third stage 
l " that of decline, and extends from fifty 
*»r fifty -five to seventy- five or upwards. The 
< hangc from perfect health is at first most 
gradual, and in some may not really begin 
t»U nearly sixty veers are reached. The manner 
'»f life may, of course, accelerate or retard 
the change, which soon becomes more marked 
D may generally be described, where healthy, 
** a shrinking, drying, and stiffening of the 
tissue*. Lews food is required aa the lamp of 
hfe burns more dimly ; and to those who die 
what may he called natural deaths, the last 
change comes very gradually and gently. When 
w speak of “ natural deaths ” we mean such aa 
*** the result of the running down of the dock 
of life, rather than thoee due to the premature 
"topping of the works through accident or 
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disease, so largely the offspring of raMeasnm 
or ignorance. 

It is quite a }»art of physiology to understand 
that the life force in each man is a definite 
quantity exactly parallel to that stored ui a 
wsu . «pr.ng ; and each human bring is con- 
structed to “* go,’* or to live, a certain definite 
time. Those w! thus die from the expiration 
of their life for v can alone lie truly said to die 
natural deaths. Only about one in every nine 
so die in tins country, the other eight <io not 
live out their day*. 

length of life n ece s sar ily is not, however, 
always an unmixed good* and should not in 
itaelf lie an aim. It is well and wise, of course, 
to guard against what may la termed suicides 
of carelessness and ignorance, and it is partly for 
this purfioac that these pagea are written Hut 
it is of infinitely greater importance that the life 
so guarded should be sjtrnl wisely and well, for 
the good of others and the glory of our ( >vator. 

Whole Life. Tins brief survey of life 
would bo auite inoonifUete were it entirely cf*n- 
fined to a description and definition of that juirt 
of it alone which is cotu*enu*d with physical 
existent**. 

The old division of man* lift* into three parts 
— body, soul, and spirit — is now largely justified 
by physiological psychology. Tim mere lastly 
lift* consist* in txuUinQ , the soul or animal 
life in morim/ anti spending the life force ; and 
the highest, or spirit — intelligent, moral, and 
intellectual life— i* what really constitutes /mq 
to a man. 

Ix*t us rejsvit, 

Bodv anti B*dy life ICxistmg ; 

Soul anti Animal Life Moving ; 

Spirit and Spirit Jjfe Living, 

It is not a little startling to note in this con 
nection the extreme accuracy of St. La til's 
three- fold description of life to the Athenians : 

‘ For in Hun we live (spirit life) and move (soul 
or animal life) and have our being (bodily life ) ** 

The lNiyehit life w partly const* »r ms and partly 
unconscious. Broadly it may lie said that alsmt 
half the spirit and animal life is conducted 
within the range of ronscimjan*** and a limit 
half without, wholly or in part, while all the life 
connect**! with existence merely is regulated 
entirely unconsciously. The government of the 
la sly is thus conducted quite unconsciously ; 
while that of the spirit is partly the unconscious 
outcome of character, instinct, and perhaps 
higher influences, and jiartlv that of conscious 
will and purpose. 

We cannot fmrsue this part of life further 
A* the subject proprdy belongs to PaYrtiotuoav 
It is mentioned here, Waiisc Life, after all, 
is ooc. And it is well to recognise tta higher 
as well as its lower side. We can now turn 
definitely to study Pwysiouxjy. 

THE PLAN OP THE BODY 

The individual man, aa a whole, is increasingly 
forgotten both in physiology and in medicine, 
owing to the extraordinary minuteness and 
exactness with whkh each part and organ is 
examined and described- Specialism is rampant* 

m 
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,mtv m tomIm in" l«< in physiology ; and we 
%M th^rch*** t il*' particular pa^iw, both here 
and in the w'tiwi* of health 
And ill health. t«> keep thf man 
ah • lining jKftMjfittlity. an e**cn- j 

(tal unity, alway* More th * / 

mind / /^ /' ' 

Kcmcftthcr that the ‘««y * H / < ( 

n/H a mere town. full »»f different / £ / y ^ 

factories. carrying on varioti- [ ; T 

trades Jt M an organic whole, \ / 

ami what rn*kc* »t one i* not \ ^ 

lb* similarity of unity of the ra 

m^fiiiK- « and |»M*f **"*. btr they 

are unlike and num . but d »• 

itif unity of tlw on*- gowm'ng 

/one, the Mitui, and c*j*w rail) 

the uiu'OfiM touw mind, which 

Miptwlr* nvrr th** U«dy Nothing "" 

in th* Is-rly *• m#fr/y tn**'hanM *1, 1 *• norms 

although there 1* fin* !» me* ha runt as 

glam ; ad i* v ital, all i» umtwJ 

III fair ffmit aim the health awl well l»*trig of 

the individual 

H«vin| IrtcHv iliM'iiamt the 4juc*t»**n of what 
lift* rnaily m. and of a hat it- principal feature* 
isifistst, ami hating taken » survey of »ta 
varum- slag?**. Irt ti* no» *« mdi- 

victual man as he stand- ere* » Isdore iw, and 
aw that tr van learn of the human body from 
an external v»r* 

Thm Extwrior. Notice. lint of all, the 
*ha)tt» of the krm{, the Urge |»r»> 
pnrtHWi the l*ram l**ar* to the 4 

face, greater than in any animal A 

He mem tier that the 6rit«» «eu|t«» « 

the wb*4e of the heed j 1] behind 
and above a line drawn arrot- 
the aiwl omtmuwl to 

the |ole« of the earn Oltrrvr I^T-; 

that the forvliead and the few 1 ^ ,V 

ami eve- lie a- nearly M rma*il4e I .* £ 

in the -a me |4anc. awl that the «ff 

line from the forehead, with that i 

from the ear to the loner edge JL ** * 

nf upper teeth, form* alnnwt a W 

right angle ; an arrangement only fff \ f 

suited for tfie erect attitude, and M A, 

obviously *m»*t mctin cement if W* ffiwi 

man went cm all fours, alien *' hr JhA Yjj^f 
reuld aee and aniell nothing hut jmS, 1 1 

the ground tit c4 ten h A* it »». * lift 1! 

hie mi can o»mtn ind the greate-t |||r 1U 

posaihir range of vismi. th*nr l\ 

MNipr taring only limited on the l\ 

inner aide by Uu» bridge of the JE 

note, when vnunn la taken up by 
the Mow eye Ob-ene the eve W 

hrowa above, keeping the " *mt ■ 

of the brow M frntn deluging the 
eyra The eyw» ahould, for beauty, W 

be rather deeply ret, prominent K 

eyea being never men in anetmt I 

art The naar, too, aa not placed. * 

m in anunala to aa to are nt prey B 

in advance whieh to them m of / . ,- 

the gruateat nw hut ao aa to 
iwreive odo ur* from below, and 
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especially of all food going Into the month. T! 
mouth, again, to man, is of ng much value f. 

articolataon in apeakmg as U : 
— eating, and hence the jaws &;< 

, not prominent, and the oavitu 
t- N. 1 within are speoially arranged U - 

X', \1 the reception and conduction w 

*> \ ^ sound. 

u ' \ V $ovr study, finally, ti>4 
-V" -4.... |\ unique form of expression that 

* ios ’ n mu8C ^ e8 °f the face. 
J vj ^ The science of physiognomy in 
~ - * / most valuable and interesting, 

/ for undoubtedly these facile 

I-i ^ muscles get insensibly moulded 

1 by the passions and habits of 

I T 4 **"T ' the man, whose character can 
\ Ijo far better read by the line* 

;-i a, round bis mouth than by the 

i ix. showing so-called ^expression” of the 


virl 
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,i.r. or 75° eve, which really depends on 
the fw ial muscles, or the bumps 
on hi* head, often caused by thickening of the 
U»w 

'Hie «ir, the great l-vtuty of which is its small 
sice ajhI iN*rf«H t lots*, i- not al4e, as in animals, 
to turn forward or Isickwarrl to catrh distant 
sound*, man haling other m*»ans of |>n^tection 
from hi* enemies and of providing his food than 
the faculties of s*ent and hearing. 

Now look at the ntrk Note tlu* strong, bony 
r tilunin surroumleif l»v muscle* everywhere but 
m front, where you m-f the pro 
, inment “ AdamV Apple;’* the front 

of tlw- Urvnx, or voice- l»ox. 
js Framework of the Body. 

y l>*M»k now at the body (2). and 

i , note v generally how all its com- 

* 9 . pbestetl framework in the living 

f- * man i* htddeii and Wended so 

1^4 - a- t<» po^smt Imt one harmonious 

- li| whole Ot«*rrve that the ckrsf is 

l\ much l»n»A<h‘r than it is thick ; 

\V *n arrangcroert only found, 

! £M among mammal*, in man, and 

k ( W m i Tp in some of the highest apes. 

B This arrangement throws the 

8 * rm * n* t|r h more aj»art than the 

n v ^ I legs, giving them a much wider 

V J M range for grasping, hut making 

y® them weak and meins for walk- 
\ Jj mg In oilier animals, on the 

Jff t'ootrary. the upper part of the 

die-t ts narrow, to allow the 
; foreleg* to come dose together, 

\ and stand directly under the trunk 

l n they support. Notice the bony 
framework of the chest, which is 
formed by the nbsand b r ea s tbone. 

It will interest you to observe 
that if these were continued 
all the way down we could 
[ not stoop, and could hardly 

* " move. Tbsar special points just 

enumerated, and other*, snow 
w that man a not a quadruped 

that has learned to stand met. 
Has arms are not in any mm 


& ms mutet. 



lor hk whole body and every limb 
end for that 
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The” lower boll of the body, tfa 
, is protected 
by i firm but yielding 
veil of strong muscles, added to 
which Me elastic fibres. In ani- 
mals who walk on all-fours these 
fibres form a complete elastic licit 
to support the body. Note, 
moreover, that the heaving of 
the chest and beating of the 
heart are all conducted within 
the thorax, or chest ; so that the 
three great organs necessary to 
existence the brain inside the 
skull. the lungs and the heart 
t«eneath the ribs — are thus entirely 
protected from all ordinary injury. 

Divisions of tho Body. 

We have alluded to the tinny 
framework, and we may note one 
<»r two facts about it now*. If 
nr divide the Uxiy into six part* 
four limbs, trunk, and head and 
s«k— find each part contains 
about thirty bones (counting the ritm in pair*), 
then* tiring atxiut twr> hunHrrd in all the 1 *k1v 
T ile height of the body depends mainly on the 
length of the bones of the lower hint*. 

observe, now, the arms generally, and their 
portion : the looseness of the shoulder jomtn, 
adapted for universal movement, but not to 
sustain the weight of the body. Note that 
the forearm does not fold on 
the upper arm. but to its inner 
side towards the mouth, a 
more useful position. Look at 
the hand and wrist [8], which 
alone contain some twenty 
seven bones. The supple 
strength of the wrist ; the 
value of the thumb ; not 
ftiaosd in a line with the other 
fingers, but in advance of 
them, and so as to touch 
them all ; the nails, arranged 
to support the finger-tips, and 
yet not to Interfere with their 
touch, are worthy of note 
The hand* are marvels of pre- 
c^e and adapted mechanism, 
capable, not onlv of executing 
every verity of work, of ex 
pressing many emotions of 
the mind, but of executing 
its orders with inconceivable 
rapidity. 

Beautiful Proportion*. 

Take, now, a wider view of 
theboMfyctf the human figure 
Let the p er son stand with 
fmt together and outstretched 
arm* His breadth should 
now he equal to his height ; 
and the lour aides of a p erfect 
square will in a perfect figure 
touch the eoles of the fe 
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> feet, the 
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crown id tho bead, and the tips of the fingers. 
Of the height, the hand should measure one. 

tenth part, the forearm one* 
quarter, the head one-eighth, the 
face one tenth, the leg (from 
knee-cap to foot) one quarter ; 
while the greatest width of the 
chest should measure one-fifth, 
the least one sixth; the breadth 
of the nostrils should equal the 
length of the eye ; the mouth 
do mid be half a* long again ; the 
forehead should tie the name 
breadth as the mine in long Such a 
figure i* a perfect human structure 
fuming down the trunk, otmerve 
that the rugged outlines $n 
statuary in the male figure* are 
all due to mu*rt|Ur de%rlo|iment. 
indicating strength ; while the 
smoother rune* of the female 
figure* are due to the ) re|*indrt 
rtto**’ of fat. (Mnrftr, by the 
\*av, how ever\ juirt i* so 
moulded that tho*e form**, the 
commonest in liommt design* 
and machine*, straight line* mol angle*, hardly 
exist in the body at all In the erect |*o*ihon 
one of the Iwautic* of tho U*ly is it* jietfcet 
liaUricc, and the wa\ it conforms to the law* of 
gravitation 

Notice. now. that the wviisf is a natural and 
not an artilirinl product. but that it form*, as 
we have said, not an abrupt angle, but a hollow 
curve from aU>vc downward*. 
ar-e and an r//i/mc, mol not a circle, 

rt/^\ horizontally. (>l**rr\e that in 

the male figure the doublet* 
an* rather broader, and m tlie 
fefiinh dightiy narrower than 
the hip* , *o that the male 
form somewhat rearm Me* a 
*»iigle inserted cone, the 
female a dot) Me itfic 

Notu-e how broad and 
*trong the haunrh boat* are 
as ci »m fwiml with those of 
animal*. since the erect 
petition requires Urge Irony 
attachment h*r museles to 
maintain it ; part of the 
weight of the internal organ* 
also is directly supported 
by the pel'll* 111 the «w*t 
psilion. 

Now lwfore looking at tin* 
leg* turn to the bark* ami 
observe the spring given to 
the figure by the beautiful 
double curve of tbe backbone, 
so adtmrmMy adapted, os we 
shall see in another chapter, 
to brook shucks going to the 
brain. In the infant the spine 
is quit* straight, and no 
animals p o ss e ss tho spinal 
Left view curves we do, which are only 
srtxx required in the erect position. 

m 




i excretory lyiteai ; 


Tbs hand and spin* «*tato tin central of the 
n ervou s lytaa ; tin upper part of the body 
or cheat m the cent of the respiratory and ciito- 
Utory ij a te a* ; the loner pari or stomach, ia 
the coat of the dilative and exon 
and the limit* of the loco- 
motor system. 

Another mode of look- 
ing at the itrortare of the 
body ia more anatomical. 

Man i* a member of the 
vertebral*. Hi* body ha* 
an internal skrldoa, ot 
winch the chief feature 

Ixacktionc 
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ia tht central axis or 
Considering the skull and tiarkbone 
a* (at'. tVe body may lie said to lie limit up of 
two tula** [7). The smaller posterior or 
neural tube include* the cavity ot the 
skull aid the vertebral canal. Within 
thi* tub© m lodged the nervous centra, 
or engine, of the body The anterior, or 
tody, tube i* much larger, consisting of 
the facie above, ami the neck and trunk 
brlow, and it cont*in* the lour nutritive 
*yatem* of life. HO that the whole l sidy 
in section i* like an H with the lower 
circle immensely exaggerated |8). The 
hull*, of ('ourwe. art* not tubular, em<i 
merely form |>art of *he machinery. If 
u* haik again at 7, we shdl s**c 
tha # in the first tuU< there is m unwl 
division Hoe Jlmg ( »ur first simile of 1 1»«- 
human engine and hoi lor ami machinery, 
we see that the limlrt, etc., are the 
machinery. the posterior tulic the engin<*« 
amf force that move them, and the an 
tenor (darkly shaded) tula* the liunmn 
boiler that generate# the force ; this 
boiler. like one in a steam engine, has an 
and lower part. The upiier jmrt, 
atsive tlw curved line, i* when* the steam 
is generated (in lung*) and sent to the 
engine (the twain) by the heart. TV 
lower part, below the curved line, is 
where the fuel is burnt (tlw* stomach) 
and the ashes and refuse drop through 
(the intestines) So that the analogy 
let ween the two 1 * close and striking. 

Ctatrat of Control. Let us now 
« <*uuder how the various part* of the 
body are worked and controlled. There 
are two distinct neat* of government in 
the human body : the ooe in the 
brain, or cortex, the other pnncipally tn 
the very centre of the human body That 
m the upper brain, or cortex, m the human 
will and the conscious mind. It is abso- 
lutely autocratic, supreme, godlike, in it* 
qualities, and responsible only to the (Yeator 
this imperious and imperial human will has 
absolute control given to it over the a n i m al 
part of the human life — that as, over the part 
that consists in the using of force, which include* 
the n er r ous and locomotor systems, and the 
special man The other government, situated 
an the lower part of the brain and spinal cord 
and in the centre of the body — in front of the 
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mine and behind the stomach -is of an unttady 
different order. It is, in dee d , a noil rnnipfeu 
and absolute system of “home nd*” The 
imperial government of the brain proper bee no 
power over any of its actions ; absolute though 
it may be over its own domain, here it cannot 
Interfere. This home-rule government, or 
“ the unconscious mind,” has 
full and undisputed sway 

over life itself, particularly 

over vegetable, as dls 
ttnginahed from animal, form 
that t*, over the generating 
and storing of vital force, rather than over it* 
uaage. Over the latter, indeed, it has some 
alight control, but only so fsr as to enable it to 
s**w»t the former To fait this more 

plainly : The four system* that lie in 
(hr body- d«gr«f mv, r» rrskifory, rraptrw 
#««ry. ami rrrrrlory - - may t»© termed 
the nutritive system*, taung <le*ig>ted 
for the maintenance ami storage of life 
hm-e* They are almost entirely under 
the control of the involuntary nerve 

centre* 

Voluntary and Involuntary 

Acta. In physiological language, that 
i»att of the nervous system which w# 
lave referred t < » a* the tnt|>eri«l govern* 
merit t« ter mi’s I mimnlary, Itrcate*** it is 
under the control of the will. 
Thu*, when sr w »«h to exert force 
by lifting the forearm, a mewtag* 
is sent from the central part of 
the nrrv ouh system to the nitiaelm, 
contract m oletlriKv (o our 
But *»ich ad* as hrenthmg am' 
the Uniting of the heart, over which w» 
have very little control at all, which arr 
J controlled by what we have termed the 
/ home rule government, are, l***u*© of 
this tack of conscious control, termed 
i mi*Jnn$itry «u -tn. 

Fro ni this division of government, we 
see that we have no j**wer over the 
prorcaftCM or function* of life, our sole 
Hrtuvm l»emg rightly to use the force* 
continually placed at our d**p<*i*J. We 
do not digfwtt m»r fool, move the heart, 
or even the lungs, by any constant amt 
direct effort of will If, indeed, it were 
so, and the whole of our bodies were 
under our own control, the management of 
our liodie* would so absorb the mmd as 
to leave it no leisure to attend to external 
affair* at all A* we study Physiology 
intelligently wr begin dimly to discern the 
Wisdom that alone has 
made psiuMr human 
v and in teller t«isl life. 

\ To be com /tassrf 





which 

ifesirr 



(A short glossary of 

^ terms used in Pbywio- 

a or iHi two logy is given on tbs 

Trim following page.] 
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A SHORT DICTIONARY OF PHYSIOLOGY 


rAftUUlM th* to htp 

Mnt into* •btdt Uitft Vad Mu 
Jl it fU rt MTVt A mere which carries 
•ft Ittof*tV b» thr liTDli 
Afftrtut find f'arvto* I*V*| b* 

§#***■ «f oOm* «)T«UI 

AtUBifllAfV iWftiiif l*- 
Amnttti Nrt id tV NH in 

frftrlifttM 

Anti Tin UNilft wlrr> *4 lift t»4 > 
AMMMiAIK A blind into * ttoedtn/ if'**) 

thr n*r«o> 

A rtifia l fvruuniag b» so »n*t) 
Pur* bl»**f 

ArtiTf A V«mrt t+mut* »4**1 fr».m 

tiM Vert 

Art leu tat too a *.*♦»( 

Assimilation Th* »*.-**- <*f < «"*»<« 
Ing tliyMM Um, I !»(*• »**•!» n«4« 
AttHoto A »*%lt til lit* town. 


1tl|t ItlilKlt »h** ii (hr 

|l|ff *ltu 

VtCUtpd Tin Mr*< !•*- grinding l«tl» 

In t«iti Jaw 

r l# Tim •rrfr'tloi,. **f Um !>»»-» 

MKdtiCl r»**r tr lili llM-f 1*1 

tntrwlh*. vlllih f«r(U« Um Ul*. 


Dtult fto 

west 



___ I t.ln. I tular tl! 

Cato-naum TV i.**i »»**i 
C ilU ftft tin cf« U* I It initAt'li tin 
IttrUitt 

Capillaries m*t>m-rpt< w **t iimri. 

!*•% Um trt) thin waiu 
Curd toe ivrt*i*d»Mt t»* t»r*rt 
Carotid Th* malt. *rUn 

M(«4 III the Vttrt 
Cuntll tn th. aii.t 

fffftUt 11 k tuaiiw til t tv* «rt*< 

Ciruiaii tirtuu tV rosortng ..f tto 

«td* »4 iMft) Uairt 

Cm ml vttni tv ur#* wiini» 

earn iHttHtir t*> th* tw *rt 

Centrum Th* i» »it * 4 ft stride* 
tiphtlm iVfUtHtti* U> thr V*d 
Circulatory ornn* * h* ** < **» « area 
•hMi f nim> lo«**l «<kI Ijmuti 
CMMtfUtoltofl 1h |»f*rws (4 iluttlhi 
!♦» Wood, 

CoelltoM A l»«»t t»a»t >4 tolrrnai rat 
Columnar « pi that turn Kfith*-nmj. 

NUHk ( 4 kHi |*lft.K<U at mlit 

ataka to thr autfa*. 

Ceodyt* A to*»y » hit'll 

twit* to ham ft fnittl 
C ftMHMUft tisane That which to**U 

i* kerned# UwtM lutft»Un'» 

Coftimeilto -- walra'Um 

taaw 

C»m MM TV meWtUan* la Iio |**rt 4 
eye th m wg h *hM> tight immw*. 

CiTt ildjU MktMaeot** ceils to Idoml 

tt V»l» 

Cert MM Thtr oate* U»cf .4 twain 

CMMIMI toUUUtf t*. thr rtift 

Cmatol nrwi which am* 

than the brwto 

Clhlltot Thr twain earn* «w ahull 

OCMTVfifK " Thr hard part <4 twrth 
PftTMtl* TV iMwf Ulru 4 Mh 

.... TV aaah ayauunf 
than IV Wh 
Pertaining V l V Vi 
A tab*. er a a rally mirjiif IV 
« 4 ft giaswi 


Iteration TV protwaaM by which 
•art* ibtltcrt Mr rtpdldl 
KiUnior A Mtiarir rhkii itr»l|lil«» 
nr rttrtnh a lira)* 


Pertaining In thigh 
Femur Tim- thigh (nm 
Fibula TV unillrf Uarr on thr ktinrt 
***|r <4 thr fcmrr tr; 

Fleaor a lm»i* iimdittg w«*'lr 
Foramen A hlr in a Uwic through 
wbidb • ««*•*) or tK'f *t jkikk* 

QAI A JuJr 

Gall-bladder Tim i«* in whkh iv 

Wl» t» utiifnl 

Ganglion <*.lWw» *4 i.crre-cclla 
Gastric Xelat tug to tto 4<mw h 
Gastric Jotoe tv dtg<»m« Muni <4 

tin sbnuarb 

Glenoid otrlty Arirt into which 
lw*«*t .4 ttMirl ftftu t»*M AU 
GtoiUft TV 'i|n'iil »4 Into »liHlj‘i|n 
Grey matter TV rriiuift# jart •*! tv 

hi »( i!Hh 

HMMOQLOtlN IV loVuniitf m»t 
trf >4 ahnli rmrr i<a myjrti 

Hepatic T* rtfttnh»tr t*» tV lirrt 
Humerus n« uiijiri artn u«k 

IWMSTtON TV rial (4 s mu*. 
ftH*rti*-l (u • (ti**Yftlil«- lMUt 

Intercostal lw»w« «V tii« 

Iris 11»t ''dniirivt jmrl M rj, 

LACTtAUi I.> uiHutn >»•«*'» of thr 
hitrftlth* 

Laryrna 11 m n*lw U»t 

ligament a •trims tHmm* i«ui « >*n 

ting t » > t»mr* 

Lymph A ilrai fluUl urn 

latiitn** • 4*r )•((•* io* 

Lymphatic gland A »a > llln/ ■ 

lyMiplifttn r.'ftftrl 

MAXILLA A imnw *4 IV >»• 
Membranous laby rinth Kurt <4 »u 

tr rival r«I 

Meaentery A inemlaftttr ahtrh Iwililt 

lilt In 

Metabol Iffl tv* rVtnloftl I'hah^K 
ahnh tah« pi*** In IV I»k1i 
M etaear put IV oi tv palm. 

Metatarsus R** *4 tv tn*t*|i 

Mitral Ifthr* »m» tv Wi (Kir Of tv 

hwih, W«rwi «urnV u»i rrtitriilc 

Molar a iwmutmii iVi t»«»4h 
Mueous membrane a »*4t natubrsur 
llnius a tuW 


^eatoto ~A imw v*» 

TV l ona lp eeaaal 


■ tiM» 

eft tV hrmhk 

KtM'dfil toin VimtostofcaiTt 
FMebVnd than tV 


6tr»r» -T 
talaiato ft 


-A aninhleeahfttancift prodneed 
to dtoeftthai 

Pertoardlum—TV oNnstssM to srhJcb 
Uw heart lie*. 

Peristaltic— TV moraneet* <g thr 

toteftUoc. 

Phagocyte— A oukatrlees eurpack. 
PhAtonget -The gager and Um boom 
Pharynx —Cavity at lad of mouth. 
PhyOotogy Hcwmcc <4 function 
Portal- Pertalnlag L* Ute veesds which 
tarry 14** xi l*» the liver. 

Pulmonary -Pertaining to lunge. 
Pytorto- Tnr en*l of Um •U«n*ch near- 
est tV tntrfttlne. 


RAMUi TV tome of tV forearm on 
tV iMr <4 tV Umnti 

S elina TV lultoisJ coat of ere. 
outoaux little ri41s or chains of 
hh»«l cor|»u»clvs 

•ALIVAMV iilaiuh imHurlug eallva 
Sea pula Tilt •toHiUicr blade. 
Sclerotic Tiu rtlmtsl hard coat <4 
tV ey» 

Sebaceous gland— A gland producing 

ah *»!;> ft*cr«*Oofi 

Segmentation TV early dnrtokm* o! 
i» fcrtii r.'ll 

Semilunar v*lm isi lrft shle of tV 
heart l»rt«nM) Vfiitfirli fttid aorta. 
Sensation A «taU <4 o<>nM*k»u»oe«ft. 
Serum TIm coiourUws Rukl element t*f 
tto- hiuod. 

Spinal oord— TV mm of nerve timu* 
with tV spinal onlunm 
Spleen A lame gland In tV aldomcn 
StaUonary air- Air uhlch remains 
•I 111 to U»r lungs to lireatiiitig 
Sternum —TV bread tome. 
Sympathetic nervous system Part 

of tV nervous sydeui regulating !4o id 
su|i|> 1> and otVr functlouft 
Synovia TV fluid which lubricates 
the join la 

Synovial— That which secrete* sy novia, 
r p the synovial meinkittea 


TV rmeutial part «4 a 

netvr unit 

Herve-Sbre TV thread rt tending 

fn«a a iwftf cell 

tours) iVrtalumg to tV nerves 
neuron A nerve cell and Its |ic4a4s 

IKeta 

NuchaJ IVrtalnlng to tV tmcA 

StMhrdsitke t«* ihTmossth 
QrbH tinny netsiNtig eyeball 
OHgis TV end of a sutok attached 
to a iMduart 

Oe t noa lft TV ywawm by wVrh Matos 
m» throsigh a wwrsa 


-Aa egg cett 


“TV ivtoAtml, a gtaad 


- TV I metes «4 tV ankle. 

Tendon TV strong iHem land which 
attaches a msalr t*> a bar 

Thoracic duct Tula* which receives 
lymph and opens tott^ tV great neck 
vetua 

Thorax— TV cheat. 

Thymus A duettom gland near heart 

Thyroid A dwctlcm gland to oedL 

TUMa TV shto-tomc. 

Tidal air Air taken to at an ordinary 
Isreath. 

Traehaa TV windpipe. 

Trtouspid -Valves <m right aide of 
heart , tort warn auricle au l iftiUklr 

Tympanum TV draw* *4 tv ear. 

IHJ I A TV lame of tV hweana ua the 

HUlr aimer Side. 

Ureter TV tsW whkh carries wrtac 

fruaa tV kidney 

VALVE A May to a wto or l«V pr» 
seating Vckward how at fslt 

VeM A wswl carry leg hkoui towards 
the heart. 

VeaMMM Ftotatotog to a veto, lagan 

Ventrtele TV uvk waliad rbamhats 

Vsrtabre A tom» «f tV Vchha>a. 





Vagal Iberia Tea iv totod v 

^ to thaif in IV larynx. 
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uTtiumwt 

goTtmnd |»nvmn'.. thry •»*»- ‘ h< ;y 

buUdmu * ; »n«l «b»i ibey «r<.w V* ‘ “ 

part derived from f b # **r contact ujtn tDe 
fifr »«# «bc worid m which they participated, not 
mm authors (jn the quest bn "copy,'' but mm men 
Themamm ia »fur, in a o^wurp, of iiw wonkn, mo 
bmg thm conservator* of letter * ; they nrrv 
pnmmnty cotumru^l with the business of living 
and Urn* con tcm plat ton of m future life. The 
JjU iary man of tmr day tm in oonmtant danger 
of looking at life from the literary point of view 
*1* from that of human cxjirrmoo©, and 

hu> real suntsi* im to Iw measured mainly by him 
frifirtirt) of deliberate tktK'iinM'flt from tbd con- 
ditions which have made it |*w*iW* for so many 
mrtmlrr* of the community to become proles- 
ahmal critic* of life rather than mem waging the 
common tattle of niitmo', 


The furpoM of Madlnf. ( leariy, for 
thr titerary visas, aa such, we ran have nothing 
to ofler in thin tmaU*©. Literature ui not a 
part of thrtr life : it in everythin* to them, 
after religion, and jierha|»*, in some camm, before 
religion. Our concent is with those in whose 
tlvra literature haa an eminent |»art to piny : 
ennoWing-Uiat is, witii the vast majority of 
our countrymen 

Although the quotation ui hackneyed, Bacon's 
dictum on reading remain* im*ur|»***rd : 

•* Head not to contradict or confute, nor to 
bctie\r and take for granted, nor to find talk 
ami discourse, hut to weigh and maunder. ” 

Here in two dose* w«*rda im the beat advice 
that can be given aa to the purpose of reading 
ami it* place in life, < hie of the greatest error* 
of our national system of education haa been the 
acceptance of the idea that our public school* 
educate the younger generation We read of 
aome man that lie w* • ’* educated at Mane luster 
Grammar School ” ; of another, that he “ com* 
jileted hu» education at Oifard/' Not even our 
unt vrr*l ties educate. At heat, ouldtc arhoola 
ami the universities prepare ua for education ; 
fender u* capable of being educated. No more 
do they achieve ; cannot ; for the wiaeat of men 
t* learning *uU whan ha attain* to the end of all 
thing* mortal. 

” To weigh and oumuder ’— that i* the true 
purpMW of ail uiwful reading. We have not to 
read for the mere storing of our mmd* with 
multitudmou* fact*, nor yet with sensuous 
latte tea. which Men to he the chief reaulta of the 
tremendous consumption of modern printed 
matter. In truth, them t* no muon to complain 
in thane day* that the British public mad* too 
little ; it read* quite enough, but without da* 
ehminaUon. In order to ’’ weigh and oowwdrv/* 
it m obvious that than must be diacretxm Aim! 
at what age come* dinetkn ? U we knew that, 
we should know all. Which brag* m to a point 
of giuat importance. 

R nn d tn g that dai not count. Biography 
tm m m with storms of pru dh risa who had “ road 
swrylhiag ” at iftswn. We hava amt hi the 
find mom ttytmn one of these wonders gr own 
old. and have formed no exalted satimate of 
their literary judgment. We warn oar leaders 

HH 


still under twenty years of age to avoid at 
costs the suspicion of being prodigies in readu 
By grace of genius a boy or girl of nineteen m i 
be a poet, but the average healthy yout >. 
un vexed by genius is not usually at that age, 
and rarely earlier, capable of really intelligent 
reading . He may, truly, have read much and 
derived genuine and rational pleasure from hi* 
reading, but it will be in later life that the critical 
faculty will assert itself and judicial appreciation 
of that early reading be disengaged from the 
vague sensations of remembered pleasure and 
repulsion left by the books read before the 
development of the faculty of criticism. We 
are making no dogmatic assertion as to the inci- 
dence of that faculty; but we submit that it is 
seldom present before the age of twenty ; and 
for that reason we are not with those who con- 
tend that all the reading that matter* in one * 
life ha* been done from sixteen to twenty -one 
or there* l»oul*. 

The Beginning of Serioue Rending. 

The young peojile of sixteen who are “ for 
ever reading something or other ” arc more than 
likely, it may be roundly asserted, to become 
the least intelligent of reader*, the least truly 
cultured. Not seldom do they in later life acquire 
a positive distaste for books ; and in any case the 
greater part of their juvenile reading will count 
For littio or nothing, since it was undertaken at a 
time alien their understanding was unequal to 
the occasion. Children should lie permitted at 
most to .squire the habit of reading, and to that 
end the commonest of common boys* or girls’ 
paper* serves its purpose. But by fifteen or 
sixteen years of age, when the greater num Is* r of 
British boys and girls are following some sort of 
employment, they are in train for guidance, and 
one may reason* Uy presume to direct their 
attention to such standard works as will at once 
pive pleasure, while steadily fostering the taste 
for what is good and enduring in our literature — 
though it were worse than foolish to exp«ct 
from reader* so young any would- he judicial 
opinion* a* to the qualities of the books they 
read. We do not picture those of tender year* 
** weighing and considering ” what they read. 
They have read a* they have played skipping- 
rope or blind man's buff— for pleasure ; and 
rightly so. But, just as in our later 'teen* we 
put these game* behind ns, so wa should then 
begin to read for a different pur pose — the true 
purpose — the culture of the mind. With crude 
results at fust, inevitably, yet thrilling with the 
now awakening knowledge that book* are not 
tqetaly inventions for passing the time, but the 
most precious of all the agencies for carrying us 
into a full manhood. 

Modal* to Bo Avoi d ed. The purpose 
of art, we are told, is M to please/’ But all 
that pleases is not art. P r of ess o r Drummond, 
as a boy, was hi love with the red -pain ted inside 
of a toy trumpet, and wwndmd why God had 
not made the whole world red. Many a child 
has had the aama delight and wonder. M Dead- 
wood Dick and “Sweeny Todd ~ have pleased 
hammers hie thon a ands of h aa lthy hoys, hot 



•either » * work of literary art The true 
p|Min« of art ie that arising from the joy of 
coomckhmIt appreciating the work of the artist, 
eod mahamg that it has wrought in our 
m md to ita uplifting, to our better under 
standing of the world in which we live, and the 
people around us. That ia the kind of pleasure 
which ah ould come when the reader has liegun to 
enderttand that he is reading seriously, and not 
entil then has literature begun to take it* i dace 
in hi* life. 

Sow, if thia be true — and we apprehend no 
great opposition to our contention — it should be 
dear that youth is only a time for acquiring the 
habit of reading, not for forming judgment ur 
presuming to pass criticism. So we contend that 
the voracious readers of young year* are by n<» 
m**nfl models to be pointed out, except a* 
worthy of avoiding. We have no admiration 
for them, and. as they are too often neurotic 
exam ph^ we leave them callously out of 
our account. We write for ordinary healthy* 
minded young men and women, who are neither 
book* worms nor muscular numskulls. 


Bring Something to Your BooK. To 

them we say that they must bring something to 
the reading of books as well as take something 
away They must bring some qualities of iniagin 
ation. common -sense, sympathy# in addition to 
the •laments of school- learning, in order that 
what thev read they may “ weigh anil consider," 
and that’when they have done this they may feel 
they have taken another step along the unending 

K ill of knowledge and self-culture. They will 
ve their ordinary affairs to attend to : their 
dailv task* in office or workshop, their studies in 
commerce or applied science -language* engi- 
neering. whatever their taste or circumstance* 
may dictate —their health exercise* and recrea. 
lions, their love-making ; since reading for liter 
ary culture must not displace any of these 
essentials of manhood and womanhood. 

We would have none become mere book - worms 
any more than we would hare them become 
men* animals, examples of bone and brawn. \ et 
•yen the humblest fitter in an engineering shoo 
is capable of enlarging and beautifying his It*** 
by a judicious knowledge of literature. 
know an engineer’s labourer whose taste in 
hooka is as cultured and accurate as that of many 
who lire by criticism, whom knowledge of our 
standard authors is extensive and sound, who 
can write with great literary charm (he has <*00 * 
tributedtotbeCWWtf mndLfmfma*'* MagaunrU 
mod remains withal a sturdy British working- 
man, living a temperate and reasonable life. He 
is an exception to the general rule ; but what is 
possibtr to one is open to many, and though we 
could not with equanimity contemplate the 
spectacle of numerous engineers’ labourers bom 
hmtdmm the magarince with unsolicited cootn- 
butaom, we should rejoice to know that in the 
humblest walks of Ills as m the higheet— and the 
1 is equal in both— the pleasures of literature 


Ilia with thia ideal before ua that the chapters 
which follow art penned. 


HOW TO QET THE BEST OUT O * 
BOOKS 

One point must be established at once. No one 
has a right to utter anomnton on anv l**»k aim 
ha* not read many book* systematically The 
greater number of ordinary reader* are totally 
unqualified to say whether a book t* gtsal or 
Ink! ; a bile to aver that they like it or dislike it 
however true the assertion— is an impertinence' 
since they have never troubled to develop the 
faculty of knowing boa* to judge. Thcv know 
what they like or dislike ; ve*. Man Friday di* 
liked salted food, but that did not prove wait a 
batl thing. The Patagonian was wont to eat hi* 
grand mother ; but somehow the Briton has nc\er 
considered that a toothsome dish. Similarly are 
many aval Irons of the circulating libraries 
Patagonians and PVwlaya, dc\otiruig with 
approval the things that ofleml nil regulated 
taste**, or spitting out the real salt « *f litera 
tun*. 

It seem* to us that to adopt the met lu si. m» 
commonly favoured by writers on thi* subject, 
of masoning our advice with " elegant extracts 
from celebrated authors, mi that the rraultant 
article is in groat part a mosaic of mutually 
destructive opinions, i# to |s*rform no teal service 
to the student. One recalls with bewilderment 
th« conclusion* of Bacon, fiihlsm. f hr! vie. 
Husk in. Arnold, Johnson, Kmcrwon, *u*«l a 
veritable multitude of counsellor* more or lea* 
authoritative ; anti no good purpose is served by 
reviewing their opinions merely lwcause they are 
their opinions. 

Thu M Psrtonftl Eauatlon M In Advlcs. 

We have steadily to allow for the ** iierwmal 
equation.’* Emerson’* opinions were, no doubt, 
cx» , ellent - for Emerson. S«» with all ihe r»**t of 
them. We may content ourselves with a word or 
two on Kmepain’s : “ Never read any l*>ok that is 
not a year old. Never read any but famed U*»k* 
Never read any but what you like. Tin* advice 
we must try to consider from the average man s 
point of view ; and so regarded, it is the least 
wise counsel that could be offered by a great and 
w ise mind Mainly, it is useless to the average 
man. “ Never to read a hmk that is not a year 
old.*’ Tliat is its soundest part ; yet how 
unwise it t« ! A truly good book may apptmr 
this day ; why wait a year More you firing your 
mind into touch with thia new expression of a 
living mind ? A year, if you like, More aaymg 
with decision that the new book is literature- 
will endure — but that ia another matter. Nora 
the vogue of a new book a wholly bad thing. To 
read what all others are reading has at km*t 
the merit of vivifying one’* interest, though sober 
criticiam may not come till later -~a year latef. 
if you will ; years later. But deliberately to 
refrain from opening a book until it m a year old ; 
no. Even the ephemeral in literature i* not to be 
nttsrty de spised ; and we are persuaded that 
HaxUU's oft-quoted advice as to reading an M 
book whenever a new one comes out is not U> 
be taken as un dervaluing all new literature, but 
as m counsel not to allow the new books to 
crowd out the old and tried favourites 
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litikatum 

Like* and DUlIKe*. " Never road any but 
I ^meo eo much 

, i( ,, « i.1.1 i- meant »>v 

o lam-l: " tiargantua. Paradise 

1,1!* * ' : ->• «'«<•■ “The 

<4 *ii,m 'IV Ktcrnnl <*iiv —and these 
,»p if m » r< tli.ui n vrttr old. “Famed, 

J • T i«t o I- hart II V *«r»v hook, apart from 

and waorv ' <,rHr ’ not 

l(1 ,j, t IM i. t he*-n» wadoi some grain of know- 
,}„ jut ,t ,* 1 m- prized if separated from 

t | M . * mi Inmt the critic*' guidance. There is 
ninth thrt» u«»rth tie- reading in Ijonka that 
A n imt. and n * w r will 1 m*. " famed," even in 
ixmf find iie'dne ff* liook* A*< to never reading 
hut u hut ynu lik- ; that. ton. ih iimuw counsel. 
Johnson -Aid that h man ought to read just an 
inclination lead* him , for what !»<• read* an a 
U»k will * I* > him litth g.M»d, whuh h a very 
different tin* of thought from Kiwi-son's ; 
though at firm Might they secfii parallel. For, a* 
a fustier of rouiiuofi crpcrirricc, it e* not the 
thing* wr Itk* that rn<»f stimulate our thought*, 
hut thr IhiHff* we di*hk«- TV sheer pleaMirr 
of agrtving with another * though !* tend* t oi the 
tun * U* n mk*' our own thinking a subjective 
/arulty. if not entirely qiiH’»rrrit. where** the 
man or the w riter w h««r idea* disturb <>nr cqourn 
mttv. ritflfe our ti'mfrr, strike in* rudely, wdf. 
while m m> wise pfenning u*. energise our own 
thought*, r«*(> them. iiuyle, to smoothne** and 
gfWwter usefulnc** It t* eon Hot. not a« 
quic*<'rf*cr, that prodtn'e* activity. mental ami 
phywn-al , ami the author* we dislike may have 
aa ntui'h for u*. if not move, than those we like 
Hut and bore »* the suhllr iliflrrrmt Vlwcett 
Kmeraon ami Johnson our “ tnebnat-on may- 
lead u* to liear with an author we 

diwhkr, for the tonic etfeet of hi* opposing mlel 
leel When w*e are conscious of tin* wrr may 
eomdude wre are reading to antne profit. 


Thi Right W»y to Rood. What we 
hflive to lent ui nvmd about the *' how ’ of 
reading t» that there are many wav* of getting 
the brat out of a Uw»k. and that all are right 
H the individual t**l* hi* own particular way 
to hr right, it m right for kirn, though it might 
He thr worst powuMe way for anyone cl«r. The 
essential la. that lie have a way that he do 
not read timMv ; that if He prraume to utter 
an opinion in a book, He aliall Ha re drhhrraudy 
come by that opinion a* the rcault of a prwesw 
of reason and atudy ; that it be t*o capnetou* 
rt|)tmioti of an imwpnahtr mind But, withal. 
It it atilt jpuwathle to indicate some rulea which, 
modified in individual a optica! ion. may reaaon- 
ably be described aa help* toward* a practical 
system of reading 

Mara Reading a Baoh« We Have 
already pointed out that the reader moat not come 
empty handed to the author. We need not remark 
that ne ahould know the rudiment* of grammar 
and eomnuattton. It i» n rrr m an r that hr brim 
•omaooMity.if it bponlyaooawwau ignorance of 
the subject of atudy. Hot mote usually he take* 
up a hook already knowing something of the 
matter with whkh it tkah of the author'* repo- 
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tation, eharaoteristion, prrmotw works. V* ^ 
he io aa aiml am person he baa also a reasor , r 
taking up a book ; must have. That reason .. v 
be wise or mistaken ; enough that it k a rea- 
that the reader is not merely bent on pasaitt 
idle hour. " 

Now, it happens often ttmt the reading of 
book leads to the reading of others by fion , tK 
mention of them in the work just laid <l.,, Mi 
Thus, no one reading Boswell’s volumin . 

“ Life of Johnson,” but has quite a host of <.t i , r 
books therein suggested, the reading of wUh 
will be rendered (at the beginning, at Ic.,.*, 
the more piquant from knowing what Johr^ >u 
tfjought of them. To be personal for a rnozm o*. 
we remember taking up Moll Flanders,” n..: 
after the same authors “ Robinson Crusoe,” bu‘ 
as the result of interest aroused in the book h\ 
Burrow's casual reference to it in 44 Lavengro 
This was long l** fore we could have shadowisi 
forth any outline of a system in our own readin/L' 

It wiu- a natural impulM k , and any system is good 
that IwiM'd on natural tendencies, that met ho- 
di-M-M them To note carefully the books which 
arc rncntiomvi a-* having h***n favourites with 
man w hn*«* life ut* ftflrnm* and would fain emulate. 
him* to determine on a first hand acquaintance 
with the*r, were an excellent feature of any 
*vMeiTi whi«-h the reader might evolve for him - 
self from these and other hints 

Fiwparstlon for R*»dlng. 'fherr an\ 
of course, uuniermi* rvasoiiN for reading a 
Um 4. inaiiv of which an- m» obvious that *t 
wouhl but waste our spa«’e in defining them. 
L»caI int« rr-t will fount for something ; he is 
on safe ground who familiarise* himself with 
all tlie notaMe wriiers klentiti«*<l with hi* town 
or distrut If j***t». an- chief of them, thus 
the reader may I** led very pleasantly ami far 
afield ill the study of poetry And it is well to 
h iv-e mime Itranch <»f literal un*. or even one 
author, tnat attract* us more than other*, 
though never allowing this study to weaken our 
interest in general reading The innate prompt- 
ing* of our nature must U* permitted to inHucmv 
us ttt follow mg these by-uaths of study ; they 
w ill never take us astray it we an* consciously in 
sean^h of good. 

(tiblaan had a svnitcm of '* sellnTxaminatton ” 
lirfore ogling anv laavk, whereby he took stork 
of hi* own knowledge on the »ubj«rt, glancing 
over the work to secure a rough idea of it* scope 
lwfoie beginning seriously to study it. Thus he 
would know with nrectsnm bow much the author 
had taught him when he had hniahed the reading 
<4 the Ivwk Rr. John MorWy has tried thi* 
method and common 1* it. It t*/at least, one that 
depend* upon no personal wikaysseraav and ia 
oprn to all. But we would urge a prAimioait 
course, which i* of great value and add* »nt- 
mcondv to the pleasure of any book, auppoatng 
the reader to be only partially informed aa to its 
writer. And that a, to turn up to any work of 
r efer enc e biographical particulars of the author ; 
to furnish one * mmd with the leading facta and 
criticism* coneernhm him and hi* wnthma, but 
•d |d to read a full biography. Ramrwmc 



iboold be made to »ore 0>«n one mm of 
information, eo that the leader mar hare before 
hu» mind V eye a rough sketch of the man sod a 
brief outline of his work, before proceeding with 
,b T serious study of the book. Not until 
several hooks by the same author (provided 
hi# fame and achievement are not confined to 
,**>) have thus been studied, should his full 
Uograpby be taken up. 

Whes Rending n Book. Wc must never 
•• *\un" a preface. It is unfair to the author, 
foolish to oumelvoB, to omit hearing what he has 
to k» v in his preface. Overburdened as Scott's 
iiniefs seem to be mdth prefaces and appendices, 
)»#• t# wise who reads them all ; his grip of the 
finance will lie far more enduring than that of 
the reader— and his name is legion - who bomd# 
,.f always avoiding notes and introductions. If 
thi> is so in the case of fiction, it is still more 
mi in the case of treatises in philosophy, acien'x\ 
travel, belles lettres. The preface is as much a 
part of the lawk as a door is part of a bourn* 

Having read carefully the preface or introduc- 
tion —sometimes we find both. and rarely, if it 
i*- a good book, without a reason — wc lx»gm 
the actual reading. 

We have now to decide upon the qimlitu*# to 
nlwerve in the work before us. These. of course, 
tannot lie detailed in the present chanter, as 
each class of book presents different elements 
which will be specified in dm* course. Hut 
working example*# must lx* given, and we shall 
take them from History and Fiction. 

Things to Con aider. In nailing a his- 
torical work we have to consider (l) the 
author s ix»int of \it*w 'Hie more picturesque 
and readable a historian is the more need 
I* there to keep a sharp look-out for bias 
We an* pretty likely to find evidence ot thi*. 
ami whem-ver Ve suspect it we must refer to some 
other historians on the same point in order to 
cttrrect our impressions ; (2) the author # know- 
ledge of men and motives, great movements, 
will call for examination, nothing being taken 
for granted unless it lx* an obvious statement of 
unrolouired fact ; (3) his 44 style ” will demand 
especial attention, as it is m a historian of 
equal importance with accuracy, and, indeed, 
tm m anne r will largely determine his accuracy ; 
one who is excessively fond of picturesque 
description and epigrammatic comment — 
Macaulay, for instance— being always open to 
the *u*pk*ioti of letting his manner unduly 
colour lus matter. 

In a work of fiction we look for (l) a story. 
This is the first essential, and we have to ask 
ounelvea whether it appeals to us as bring an 
ingenious invention and credible. (2) Next we 
consider the sequence of the story. Is it un- 
folded naturally, inevitably ? Are the events 
contrived as m* actual life they might be ! Or 
am they lowed to fit the ends of the author ? 
All them questions may he answered in the 


All time question# may oe «n»www •« 
negative, although the first consideration be 
fatty admitted. (3) Are the characters such as 
might c*kt m life, and do they act for just thus# 

ujl - -*■* * m im nn l i ? 


living people 
Tobt 


Herr, while (1) and (2) might be granted. (3) 
might be only partially allowed (4) The vital 
question of *" style, M ~ which includes humour, 
sympathy, method, personality, must b# always, 
in some oegrre, present with the reader. 

M Remsmber." There is no lack of touch- 
stones— and we have indicated but a few - 
for the testing of a book, and just by the 
measure of the reader's coasnio## frjtf inf will he 
have profit of his study. 

Wc cannot dwell on such detail# a# the under 
lining of favourite fuigc# or the keeping of a 
common -place look in which all thought# 
arising from the study of a work will lie entered 
and classified. Hut we must take occasion to 
sav that fi*w men have the temperament for the 
latter, and it i# apt to render those who have, 
priggish and dependent in their opinions. t'nder 
lining, marginal notes, the jotting c»f rrfemw*r* 
on the end |«t|a*r*. most reader* do naturally, 
and with g<xxl result* Hut to rrmrmf>rr i* lx*#t of 
nil, and it i# as easy to write on the tablet# of the 
memory as in n commonplace lxn*k, while it t# 
infinitely more useful. !inpn***i«»n# written flown 
aft* apt to be dismisst'd from one # imnd by the 
very fact that the o|x*ration i* intendixt t« » ei *m 
the mind of a burden, and commonplace Un.k* 
aeldoni yield their treasure# al prcciwlv the right 
moment, whereas the memory can I#* mafic to do 
so if projierlv cultivated. Tin* thing# we remem 
her nrr vastly more unj*ortnnt in influencing the 
iniml than those we distiiis# into notel*ook# 
After Reeding • Boo*. Having dealt 

with the preparation for and the actual progress 
of n*admg, some word# on “ after leading a 
lxHfk " may 1#* looked for Hut there i# little 
advice of nnv practical value to <»f!er, aifnv* 
all w ill now de|N*nd on the reader When one ha# 
mastered the art of muling, he may I#* left to 
apply that to the lx*#t of hi# understanding 
Till# may Is* said, however, that no reading of 
a Uxik i# complete until the reader ha# carefully 
reviewed the whole work in hi# mmd. turned 
liack to paaMoges w hich may have puttied him in 
the earlier part* ami revised hi# first impression# 
in the light of hi# finished rea4lmg. a# the end of 
a lx*>k, and especially of a work of fiction, may 
greatly modify tlie opinion# formed m llie earlier 
stage# of its studv. A g«*x! plan, if the book 
we have juat read happen# to hr the first of that 
author's with which we have made acquaintance, 
t# to take up some oilier of hi# wrritings, nor 
to allow the fact of it# having d»#f»lea-rd u# to 
make us refrain from bearing him company a 
Mecond or a third time Imkod, »t should be 
rather an incentive to our doing so. Wt we allow 
ourselves, on the strength of one book, to for m an 
errone o o# opinion of any writer ; fur there i# hardly 
any author — and few even among the giant* -y 
who ha# not produced one or more book# which 
do not show him at his boat. It t» doubtful if wa 
should ever set ourselves the task of reading in 
mtetmdm all the works of any one author, tmxxn 
ally if be be aa voluminous as Hcott or Dickens. 
If the sequence be broken by turning to other 
writers, ww shall be theh^UwaWetocomparrthwr 
styles, and so to appreciate all more accurately. 

Wt 
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THE FIRST STAGES IN ELEMENTARY DRAWING 


By William R. or* 


TTH IS rouiwr of dr** ing i* intended for *t orient* 

* who wi*h to *rt»**t*. sculptor*, 

designer*. architect*. engineer*, mltiwl maker*, 
carpenter*. or craftsmen of unv kimi , any 
one, indeed, who wishes to gr**p t he general 
principle* of drawing Mill firxf the roume 
ad«|ite*l for hnn 

III the course t* included freehand from the 
fist sfiri the rttuixl, tlw | trine titles of object 
drawing, geometrical drawing (plane, solid, anti 
ss afi|4ieri to design.) - brush work. memory 
drswing. snd light and shade It form* s Imlai*. 
there f< »re, upon whieh anyone can specialise 
for whatever career in the industrial art* or 
science* he may wiaii to follow. 

Drawing, the Unlvsml Laaguafs. 

Drawing »» a mean* of education, of training 
hand and eye ; it quickens the power* of prrte|» 
tion atld give# scope to the inventive faculties. 
It train* the eye to accuracy and the nund to 
observation, attention. comparison, reflection, 
and judgment. It i* the handmaid of all indu* 
trial art and science, anti should be cultivated 
to the highest degree It i* a universal language, 
and the shortest of shorthand*. How often it 
is found that aome simple sketch explain* very 
much move easily and quickly than dosen* or 
even hundreds of worth, some idea that one 
person wishes to convey to another ! How sn 
illustration helps to elucidate the test of a book 
we all know, 

The term “ drawing " is sometimes more 
particularly applied to the ex p res si on of form 
oy It nr, such as is made with a pen, pencil, or 
other pointed Instrument But it is most 
important that » beginner should realise that 
there is no line in nature. 

Nature’s objects relieve themselves to the eye 
as sp ac e s or msmws that are lighter or darker 
In tone, or of colour varying with 

*» 


roundings. Consequently all expression of 
natural objects by line is a conventions! 
rendering. Thu* in 1 the form or space 
within the conventional lino is separated from 
the surrounding part of the page, and suggests 
to u* a flower ; while in 2 w*e have the 
form or shape of the flower given in mass, 
without any line. It is merely dark relieved 
against ligfit, or Mack varying with white. 
This mass drawing is much better for realising 
or suggesting the form of the flower. 

Spaces and Lines. Almost every beginner 
think* only of the turn* and twists of the 
line, if drawing from a printed outline copy ; or 
only of the edge* if using an object for study. 
He is neglecting, of course, the most important 

{ wirt — the shape of the apace inside the boundary 
me or edge. If we change two words in a well* 
known proverb, we get an excellent rule for 
drawing in any of it* branches. This rule is — 
take cart of the spores and the tints i riU take cart 
of thrtnstires. The eye, in other words, must he 
trained to see form, and not merely lines and 
edge*. By and by. the student will nerd to are 
low/ and colour as well. 

Many pupils find it much more pleasant to 
make drawings of cottages, trees, or bring 
creatures ; and unfortunately, some attempt to 
paint in colour, because it is so fascinating, 
before they know the elementajy rudiments of 
drawing. Such misdirected efforts can only 
«nd in disaster. The work is out of proportion, 
the perspective is wrong, the to nee and colour 
am false, and the performance, in fact, is lacking 
in meet essential points. A drawing may be vary 
neat, bat if it does not give a free representation 
ol the form of the object, it le of no value. 
Again, a picture may be carefully shaded, or even 
admirably coloured, but if the drawing is wrung 
the repre se n tation must be always immthfirtnry. 



FREEHAND DRAWING. 

finhiid drawing i* drawing dm without 
mathematical ia»trea»h. Ifca mataiaU re 
q tuned to it are aoase cartridge paper, an HB 
or B wadi* a aharp knife, a piece of good india- 
rubber, aad (if the paper ia not in the form of a 
book or a block) a drawing-board, half imperial 
«ur (22 m. by 16 in.), with aome drawing pine. 
When more advanced, pen and ink or brush 
m MY he used. All thaaa are now eo cheap that 
there is ooexcuao for working with bad materials, 
thus creating un n e c essa r y difficulties to be over* 
r omtv Then, too, some pood copies of leaves, 
flower*. fruit, animals, common objects, and 
convention*! ornament can be easily obtained. 
Natural leaves, flowers, shells, stuffed birds, Ac., 
mav l«e user l to advantage as copies. 

The illustrations in this course are not n eeen* 
**nlv to be used as copies by the student. 
Th« v arc too small, and are used here for 
< t plaining the method to tie adopted in learning 
to draw. The student must get copies for 
himself, see that they are carefully graduated 
m difficulty, and practise as much as possible. 

The jwncil should tie aharfiened as in 8 and 
m»t a* in 4. and should lie held lightly and st 
MtnK' distance from the jioint (8). All sketch and 
)4<«k lines nhould la* drawn lightly and freely, and 
not a* if the purpow were to plough through the 
jiafier A soft, grev. freely flowing line should U* 
cult i v ,»ted early, aiid not a hard, wiry, wobbly line. 

Training the Eye to See. It is 

netvivutrv that the student should Wp well 
in mind that he must train his eye to ute 
rorm-tly, an<l his hand to give true expn*ssmn. 
as Hrtistieally ft* he can, to what he sec*. It ih 
<* f little u**e putting down something and nibbing 
it out. continuing these processes |w*rhap« half 
a down tunes until the drawing apjs-ars correct. 
Th**n* must U* a definite imprewuon in the mind 
Iteforc a line is drawn, ami the pupil should 
endeavour to aim at the ideal of drawing every 
line correctly the firrt time. He should remenilier 
Kuskm's adiice to the young man who asked 
how he should learn to draw. Huskin sat down 
and looked for five minutes at the object for 
sludv. Tlten he drew one line. After another 
fi\e minutes' candid observation, he drew' another 
hue, anti said to the young man : ** That is my 
»<it ifi- to you on how to learn to draw.’* Slow , 
tedious work, ftomc will say, but slow and 
t** lion* is learning to play the scales in music. 
Kmkm meant that the student must loam to 
s'* tefon* he could hope to draw, and correct 
•ight cannot lie achieved by a sufierficial glance 

Study the Copy. Thia training of the eve 
mu*t la* persevered with assiduously. Through 
all stapes, in order to render the pupil capable 
<*f judging more cemplfx things in his advanced 
studies — ouch as the subtle changes of light and 
•hade, and the beautiful vanatioos of colour m 
nature —the st orient must persevere m the close 
attention to dr tail and training of hi* olerrvation. 
Hw judgment will be mote certain, and be will 
find more pleasure m his work. 

At the outset, thetefore, he should carefully 
observe the main general proportion* of the 



copy or object of study— how it k placed in it* 
•umoundingi, it* leading growth lines and masses, 
the peculiar growth of the plant, the pose and 
action of the animal. He should not trouble 
at fint about details, but should get the mam 
facta correctly impremed upon his mind. 

Let us take now a dandelion leaf for study 
rsj. Let it be pinned flat on a card or board, 
for the sake of more readily observing ii. care- 
fully and intelligently. 

Somo Main Point* to Not#, First 
note the general proportion lietween height 
or length, AB. and width, IMS. At first 
gUn<* the. student will nrobablv think die 
width is consideraMy lew* than half the length, 
but he would have been deceived by the numerous 
deep serration*. If a steadily curving line wens 
drawTi almost exactly through the point* A, f\ 
D, E, and another through A, K, tl. H, he will 
nee a *ha|** a* indicated in 8. It will now 
tie observed that the width, IMS, i* very little 
lea* than half the length. AB The point* l> and 
(t an* aliout equidistant from A and It ; also K 
in equidistant from A and <*, wherea* (\ nearer 
Jl ttian to A. Again, the *pare t*K i* nmaller 
than IX*. 'Hie dixtani'e till i* nt*»ut one third 
of <;B. but 1*K i* m»»rv than one third o! I»B. 
and KH if* rather le»* than t K The Miodnit 
must endeavour to judge the*** pro|*irli<»io first 
with the eye alone, and then lent hi* judgment 
1»V measuring, n*» mftiuni tnuMi h» tum.iurt 

i nth a jtrnrtJ ur ruUr /o*f Till* would I«e easier 
and quicker, and certainly the result would tm 
quite correct, but lie niu*t teineitilirr dull ha 
iinist train die eye to Judgment with the 

eve alone Will, of course, I** more or less in- 
accurate at tin*t, and the work will aertti *h»w 
and t<*<l ion*, but the* method inu*t l*' j* nw \ ered 
with if true prog re ** i* to Is* mode r*a* h tuna 
th** student will succeed more and inofe, until 
he will la-come «urpn*cd by the wa\ in ahull 
he can *rt the tru*’ proj*»rtion* 

Features to Ob ssrvt. S*-%t due* t dm 
attention to the three jnm uliarly *h»|ad bdssi 
on each aide, with the deep aerrotmn* between, 
not King that one of the three lolm* on e*< h »tdu 
I* the large*! , and a subtle gradation in the *\r# 
of the other* The downward dire* lion of the 
characteristically ahajsd *' teeth,’ from which 
the plant get* it* imm* (dent tie horn, the 
gradually thickening midrib, with it* *e< omiary 
branching vein*, ami the wav in which they grow 
from it. should sl*o !*• noted. Another im 
tnirtant feature i* the tendency <«f *l‘ r *»dc veiu* 
to run down towanl* the l»**e of the leaf, as 
generally happen* These vein* an* al*o nearer 
the lower er/gr of each loir TLi* thorough 
investigation show* what a gn at deal would U 
missed in a wupertn ial glan^a*. aiwl that there w 
method and regularity unih^Hying appanmtly 
irregular form*. Ol*wr% T e al*/>. the deiorative 
effr* *t i*f the whrile leaf. 

Having now stored the mind with many facta, 
begin by drawing a central line AB, and the 
two curved lines (6) - Mock Inv**. they are 
called — rigidly knrpmg Uw relative proportion 
previously observed Bh<k in the Urge lolie* 
m their true proportions, candully noting bow 

ion 





Ur the main aarnttona go in toward* the mid* 
rtb. and kaW out the smaller serration* [7] 
N\>* put in the largest secondary Tern*, keeping 
aU tine* faint yet visible, so that companion can 
be made between the drawing and the leaf, and 
discrepancies corrected. Alteration* can always 
made rnorr easily and quickly at this stage, 
with only simple block line* to deal with, than 
when the detail* are filled in. It would be brwt 
not to sketch in detail* at all now, Iwt to dm* 
them direct in the finishing stage, when they are 
more likely to have the drained expression which 
rarely or never eoni** at fint, 

Finiahlng. H all appear* so far rormi, 
partially rub out Mock line*, and finish with a 
n **t. fitirnt. and expressive line, not necessarily 
i»nc that is all the same thickness Tlic lines 
for the edges might lie stronger than those for 
the rein*. There might, in fact. Is* varying 
degree* of thickness used at discretion. IH> not 
forget in thi* finishing stage to very closely 
ohierve the natural leaf, in order to get true 
representation, and he esjsvially careful to note 
the characteristic shape of teeth and serrations 
The tmished drawing should now he like 5 in 
pro|x>r1ion and shajs* of details, hut the line 
slemld In* more expressive and more artistic 
than can Is* rendered by a printed line \ really 
artistic hand -drawn line must always Is- more 
beautiful and expressive than a printed mu', for 
there cannot well lie artistic feeling in a mn'litn* 

The student should get other leave* or Mower*. 
nii< h as S. 9. and 10. and go through the same 
’»rorew» of observation in every case before 
o ’ginning to draw, always trying to develop his 
perceptive faculties 

For further explanation of the method of 
learning to draw we will take a copy lik«* 
I) Tins is absolutely symmetrical, and h a 
piece of orn intent founded on the honey* u< kle 
tt»tksmH>n) and acanthus leaf < tlswrve that, 
although the design is conventional, then* i* 
Migrated a system of growth and radiation 
from point B, and that the design ha* a sense of 
unity, vigour, and stahilitv. a« well as a tieautifu! 
and subtle gradation in the sin* of suliordinatc 
parts. Tliough c*ertain forms an* retieated many 
times, there is no su gg est hm of monotony. 
This study of the artistic side of a copy or 
object must la* cultivated a* soon a* possible, 
not merely to add interest to the work hut to 
tncmaae the powers of perceiving the Irautiful. 

Ths Straight LIm. On the practical side 
is an upper fawf&rwuoit) and a lower [arantAu*) 
is union. The greatest width. CD, is very near! v 
four- fifth* of the height AB, and the spates Hit, 
KK. FL. etc., are nearly equal. Draw first the 
central line AB, say, about eight or nine inches 
long, so as to make a good- sized drawing. It is 
much better not to draw on a small scale, 
because freedom of pencil movement should le 
cultivated, and a fetter exercise in judging 
proportion can he made with a drawing of 
moderate scale. Do not rule construction lines, 
hut practise pure freehand drawing. When 
drawing the line AB he careful to keep it quite 
*wt*cal, otherwi s e the drawing, when finished. 
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will appear to lie falling over, thus destroying 
the stability observed in the copy 

One of our living artists has said that not 
more than one iwrxm m u hundred can draw 
upright line* freehand This is quite true among 
lepniH*o in drawing, Ui'nuw. througluwant of 
thought, they do not sit properly in front of 
their drawing pn|**r. or they iinronsctotisly turn 
the paper corner* etc. Tlic upright new of the 
leading growth line .VB ought to l«* judged at 
the stari by noticing wb**ther it t» parallel to 
the right and left ham! edge# of the p*|«cr. 

Having drawn AB correctly, do not draw a 
lot of horizontal lute*, nay. ||\ 4 K<h Kt*. etc, 
which would I** getting merely mechanical 
accuracy and confuting the work with unnect** 
aarv line* U'trrnunr the greatest width CD 
by bghtlv maikiug where tlic |M'itit* <' and D 
should U*. Dung careful as to how far down 
they 111 u^t eom»* Next mark the t« Kit u *n of 
F ami t*. ol«at*r\mg that the *|*ace rt * i* four 
fifth* of CD, and about nndwnv let ween V anil 
K Then draw lightly and freely the block bn«*» 
of the large llia**e>- indicated III 12 \ftet 
ward* draw the leading growth lines, and the 
*ee«»ndarv bh*k lilies |13J. olm. *rvmg carefully 
all the time the relative probation* nf the 
qwue* let ween them 

At tin* *t«igc. again, com pure the sketch with 
the original, and correct any mu-take* Nearly 
rub out the mitMt ruction lines, note the fteculiat 
*h»|>e of the act rat ion* of the acniithu* leaf, and 
tlie tangentm) jure ti»*n «d nmghDuiring lines of 
honeysuckle, and fundi with a g<**l fluent line 

The Help of Muawuma. The «tndctit 

should continue proctumrig similar <«i|ue» grodu 
a ted m difluuitv. H«- might also study from 
lasts of ornament, or from real sculpture tn 
relief, or from w<«tdcarvmg Many fine *|*-< i 
men* are found in museum*, < burr hr*, and 
any interesting Md buddings. A *ket* h Dw»k 
should U* carried m rrmliiM** for sketching 
any ran* and U-autiful pie***’* of ornament, 
which may I** useful for rrderen«*e and give 
facility for practice. 

Almost every l*»d v ha* a wish In l«r aide tn 
draw* licnata ami lard*, ami by flu* time the 
student should Is* able to draw them from good 
fist copies, or letter still, from the stuffed 
examples tn museums, which make excellent 
studies if placed so a* to get a profile view ; 
otherwise pliw*«d there is ton much difficulty at 
first with foreshortening, a aulijeet we dull come 
to in dealing w ith object -drawing. The method 
to follow in such at ml tea t* similar to that to 1st 
pursued in securing general projmrtion of mass es 
and Work hiss, aJ though the latter should lie 
more frequently sfroi^Af ones. The pupil, how- 
ever, must aasMltioutdy seek for the jtfisr and 
action of the errature. 

A Nww Field for Pwrcwptioci. Take, for 

example, a study of tlie crow, as in 14- Ob- 
serve the general proportions am! note the poae 
and action of the bird - that it m bending down 
a a if to peck up something, its legs in a 
characteristic attitude to enable it to do so. one 
stretched forward and the other partly raised 
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mi if the bini w w stepping forward. There is 
tim ** to study all these things with the printed 
vtwy before us, but in the study of the living 
err* t urv the pose or action is momentary, and 
<mlv Iwn and rapid observation is of any 
Mail. 

Thi* opens a new field in which the student 
th'«ild continue the development of his faculties 

fierce pt ton. Let him studv all kinds of living 
r rvatures in action, and either men tally or in 
hi* sketch book — or. better still, in both —jot 
d o*n each mam characteristic line expressing 
the action. 

Drawing from Life. The find blin k lines 
f<»r the stuay of the crow should t*c as’m 15, 
the chief observations coneeming the relative 
pr<»j*>rtion*. pose and action. It will be seen 
that these Uock lines are chiefly straight ; tins 
is to obtain more vigour, real expression, and « 
suggestion of the anatomy of the bird in the 
finished drawing 

It will, moreover, ctuiMe the student to 
de\ el op a 
g««xl system 
by ah let), 
a lien he ar 
rue* at a 
m ore a d • 

\ timed stage, 
he can draw 
the human 
figure or any 
living crea 
♦ure m an\ 
petition. I*ro- 
ceed aith the 
net! Stage as 
indicated in 
16 , clean up 
a tlti the rub 
tier, and final 
lv draa with 
as expressive 
and artiste' a 
brie as |m»**i 

We. putting in 
any necessary 

detail* direct. Tlie lines in such a study, a* 
in studies of leave* and flowers, wed not Is* 
all of one thickness, hut sfnmld vary, giving 
strength to those lines which need it. A single 
*tr»*ke, even, need not la* of the same thick ne** 
throughout. The line*, too, may be more broken, 
yet m such a way that there is no confusion. but 
the true representation of form or mass. 

Well drawn represen la turns of butterflies, 
sheila, and bah will make good coptes, tail it 
would he much better if the object* thcmselv** 
could he obtained and used as studies. 

Pts and Ink. A* considerable progress in 
drawing with lead pencil ought to have now been 
made, it will be useful to make freehand studies 
with pen and ink. The materials required can 
far obtained at such little cost, and of such gnc«l 
manufac ture, that the student need only be 
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careful in the selection of them* in order to 
provide himself with vrrv satisfactory material*. 
Artists’ black or liquid 'Indian ink arc the Iwst 
inks, and the pen should be tiexiWe. *o that 
varying thicknesses of lines may hr obtained 
easily ami quickly A* regards paper, cartridge 
lias Uh> soft a surface to give very g»s*l results 
It is ls>st to purchase some A*g j»rr*««d Whatman's 
or Old Water Colour Society's pajacr, or ttctfrr 
still, some Bristol tsrnrd*. 

In beginning to draw. sketch first with lead 
jinieil the lending growth mid tibs'k lines m true 
pmpirtmn. and then, without any preliminary 
sketching of details in pencil. pnx^eed to finish 
with pen ami ink, holding the p*n so that perfect 
freedom of movement in any direction. and 
different thicknesses of line, may easily 1** 
obtained Make all the lint*** as expressive as 
possible The student should make frequent 
study of the pm-and ink work of o'lctirntoi unit 
He will often find good examples in the ilhis 
t ration* of tssiks bv Walter (Vane. Sir John 
Tenniel, Sir John Slillais. and many othei 
artists of our tune Among the older masters. 

I hirer ami Holls'in may l*e mentioned. and, 
althougti their work is not nil purr joi ami mk 
drawing, miieli may l*» learnt front I hem al*»ut 
expression of line 

An Exact Imprwaalon In 
the Mind, it i« gnsl practice 
to draw dir.M’t with pot and ink 
Without liny )M*r)Cil const rue I inn 

further develops 
the student* 
|Hiurr« of po 
• e pt ton, be 
cause, knowing 
(list he cannot 
easily rut* out 
ink tines, tie IS 
the more » are 
ful to form n 

d »■ <i ft 1 1 e I 111 

y » 1 pression Is* fore 

drawing a sin 
gle line 

I, Hie draw 

mg wit!) a brush and Indian ink, septa, is 
another g«**d cuti iw The brush is so flexible 
that many tilings can Is* expressed by it IsOter 
than with jien or pencil. 'Hie thrush stiouid I** 
a sable “ writer,” and not too small T<> lean* 
what mav be done with a brush m line drawing, 
the nuptf should study the niany line examples 
of .|a{>anese work, in which great charm ami 
skill are disfdayisi, [See example tins page, \ 
If the student has steadily |**rse\rr*d. in spite 
of difficulties ami disappointment*, through the 
course we hare taken bigether. lie will have 
realised how exceedingly important it ts to 
follow the a drier about an intelligent, searching 
observation of the whole object before he begin* 
to draw. He must have m his mimi an exact 
and clear imimwirm before he ran have any 
hope of transferring truth to paper. 
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AN INTRODUCTORY NOTE ON THE STUDY OF LANGUAGES 


I AXGl'AGK, or Speech, i* the expression of 
thought by me«n» of worth*. 

Word* »ie combination)* of elementary sound*, 
to which a certain meaning i* attached. The 
meaning of a word is what in thought of when 
the word is u*cd. 

A language in a collection of all the word* used 
by people who understand one another'** wound*. 
It cannot la* too strongly emphasised that do- 
won!* used by a certain people or nation, and the 
meanings attached thereto, are purely arbitrary 
that ip to say. each nation choose* for itaelf what 
word* it will use. and determines a hat those 
words shall mean. For example, we in England 
call our staple food ** bread. while the Freneh 
call it pnirt. There in. of cour*c. a rttimm for 
u**mg throe word)* (“ brrad ” lieing derived frt»in 
a Teutonic mot, which also give* the German 
and pain coming down from the I^ittn 
« bread), hut in the beginning it wo* 
perfectly optional for our forefather* to have 
called bread ** gypoum M or chaw-chaw.'' or 
any other sound or com lunation of sound* that 
their fancy suggested. 

Words are generally used in group* called 
•rnimers. A sentence is an expression of a com 
plete thought, aa “ We know * ; “ To be or 
not to he; that is the question.*' 

Grammar. The rules for grouping words in 
sentences are called Grammar. Grammar, there 
fore, may he defined as the science that treats of 
lanfpaaf*. English grammar, French grammar, 
Latin grammar, and all other gammara. are 
those portions of the general science of language 
which treat of the speech of the English. French, 
Latin, and all o hw. peoples. As with words, 
*> with grammar ; each nation settles its own. 
Changes of language are all decided on delibrr- 
fcteiy, though no one can say bow they arms. 
Why, lor example, does an En g li s hm a n My, 

M I haws misunderstood it,” wher e a s according 
to French grammar he would my, “ I it hare 


misunderstood *’ ; ami according to German, 
I have it misunderstood ** * 

Iri writing. we represent to the eye the **lcineti 
tnrv sound* tormmg word*, by mean** of mark* 
or *v?nl>ol», called letter* fcaeh letter i* the 
wymliol of a certain sound. *o that the reader, 
on seeing the *vmlw»l. make* the Mound lb-re, 
too. a* in *|*ei«kihg. a nation settle* for itself 
what letter* it will use, and of what sound each 
letter *hall I ** tin* *ynd**l 

Words and Sentences. 'Pie grammar of 
any language fall* naturally into two part* , /rr*/, 
that which deal* with separate word*. 
that which desl* with word* combiner! to form 
wnteni’ea. 'Die first division »* railed A ltifm*dngy 
[Greek, th/tru*, meaning 'true.* and 
meaning “ statement * j If treats of the *ana 
tn*n* of form which word* undergo f« mark 
change* in their relation* to other w< rd«. and 
of the manner in whx h they are formed out of 
simpler element*. There are thu* two distinct 
branches of etymology (aj the part of grammar 
that deal* witki inflexion* of words ; |f*| the in 
vest igat ion of the derivation ami origin of word* 
Tlie name of Acrtdenr* i* often gi%e*» to branch 
a. either Iswauxe it *how« what change* may 
lief all word* (l^afm. arruirrt, to befall J. or 
liecaune thear change* arr “ ju^dmliil* * of 
word* and not rmrntial*. 

The urnmil main division of grammar, dealing 
with won!* combined in aentrnoe*. is called 
Syntax (Greek, nynUurut, arrangement ) The mica 
of syntax arr statement* of the way* in which 
the word* of a sentence an* related to each other 
Syntax deal* both with the onler of word* in a 
omtence and with the particular inflexions 
required in any given sentence to produce the 
desired meaning. 

ClsmUlcatioa of Words. The different 
classes in which words may be arranged are 
called Parts of Speech. These are the same in 
all languages. The English names for the eight 
Parts of Bpmcfe am as follow -(note that them 
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Dunum »n* ail derived from the I>itm equ*. 
valent*] 

I. A .Vo un (not*#*, nirtu 1 ) I* * w<»rd used a* the 
name of something -e.g. Iwrd. a cm (Latin), 
ou*n« (Frenc h) ; James, Jacqu*** 

U \n Ad/rtiir* \<vt)ertivus - that msv Is* 
joined D»)U a wortl used frith a noun to 
dcarnhc, to measure, to <<mnt, *»r 1 *. m- 
dieate that I *tr whvh the noun *tatxi» — 
• g k*4 day*. fuur (my*. Mi* man. 

3 A in | pttr instead of) t* a wtifd used 

instead of, of to avoid relating, a noun 

e g, *’ When Ktualieth died. *h< wm art rut} 
fear* <4d 

4 A Verb (t'rrkum • word) I* a word hy mean* 
of which we slate something ’* lltrd* 
•tug “ 

/» \tt Ad**rb (ad verhum r to a word) t« a word 
ahull show* how an action, state, or 
quality l* modified or limited - ** Hr* speaks 
rl>*furntitf " 

h A /Vr ( irrir pr**«| u» ■ placed l**(*»rv) 
l» a word whit h shows how thing*. or their 
action* ami attribute*. are related to other 
thing* The Mill oa the FI«m» " “ i oine 

** **> Mr.'* It |a ua u ally " placed lirforr " 
the noun which it govern*. 

7. A ( im fumrtum (nm -jsarfio Joining to- 

gether) la a wonl which join* together 
Wonla or srt|fr||<*e« r g " Man propose*. 
Imt <»nd iliajaweit ‘‘ ; ‘Tome I HIV wine and 
milk ** 

H Alt I *4rr ftiittm f*a/rr k*/*« throw n L*- 

tween) ia a word “thrown m *- to njtn^* 
aomr feeling or emotion It ha* in* gram, 
mat teal relation to the sentence in wht*h 
it aland* ; " Ala**'* ; ” Hurrah * 

Tire rtieo ia the usual rM«»itn at ton : hut 
according to derivation there are really only 
Mrrr Part* of Speech Interjection, Verb, and 
Noun For the Noun, atrtetlv »)r»kui|i, m 
elude* \dverh. Pre jswtttlnn, and t 'on junction 
t which are ohl or dingui»cd nmr* of noun*). 
Pronoun, Adjective, and the Intmttne M»*ol 
ami Partirtple*. 

/a/Lro»a |lahn, **/trr1rtf v to lend) u a 
change made m the form of a word to denote a 
modification of meaning, or to *how the relation 
alnp of the won! to «omr other wonl in the 
sentence, 

^ Noun* and jieomum* are inflected to maik 
Number, C Sender, ami t W This inflexion ia 
ealletl /VWrwo,.* Thu*. in l^atm there are hve 
tlcclrnsitm*. in (*rwi three, m tierman the 
Strong and the Weak declension*. etc The old 
grammarian* used to speak of the subject <or 
nommativr case) a* the '* upright ** noun, ami 
all the other eaaea aa ** oMujue ” 

ClM . The wtmi ("war mean* “ a falling.*' 
ami the oblique eaao* were conceived of a* 
falling away or "lierluung** fnun tlw* nominatne 
Hence the declenatoft of a noun i* a atatement 
nf tta eaarw r «# the form* which it amumee 
tn rarunta ndaUuna. The full number of cam 
ia seven. 

AWiwftw (including the Xominanre of 
A ddr«Mft. aometutMw called the Vocativej. 
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Arrusaiir* (the cam* of the direct object). 

/Jo/ire (the case of the indirect object — t.g. 
** I give Aim a Ux>k ’*). 

fjrnitir * (the caae denoting origin or pow et - 
*ion). 

AUa/tvt (the o**e denoting separation from). 

hsattxx (the ca**» denoting place at which). 

InatrumenUU (the ease denoting aaMociation 

u ilh ). 

The last two liecame merged in the ablative 
in Uitin. while Lreek haa lout both these and 
tie* ablattie. 

Gender. The distinction between male and 
female in nature t* callfd Hex. The diatmetion 
U-twv^-n Ma*4*tiline and Feminine in words is 
i alb-d timdrr In English we adopt the natural 
di*t»nct»<»n* of gender: names of animals of the 
male «ex are masculine, names of animals of the 
female *e\ an* feminine, names applied to animals 
of either sex art' common, and names of things 
of neither sex are neuter. This is perfectly 
simple, hut other languages, such as Latin, 
French, and (iertnan, often distinguish the 
gender of nouns by their endings, irrespective of 
meaning ; thus, m flerman. Stadchen ~ a little 
maid, is neuter ; and m French, la taUt - the 
talile, i* f' inmme 

Number. NumlsT is the difference in words 
to express one or more than one — singular or 
plural 

Comparison. Adjective* and adverlis are 
iiith ‘1 t«*«l t*» mark degnv*. This inflexion is called 
( There an* three degns^s of Com. 

1 »ans^>a ('omjtanU uv. Super lot n't . A 

\toilivr adjiM tivc coiu|ums» a thtng with all 
other thmgs, and asrnlies to it a certain quality 
r <) long. Uau ( Fn*m h). alt tin ( Latin) A Com 
paratiw adpwtive coui|»an^ the thing named 
with one of bet, and show* that the first has more 
of a certain quality tlian the second — t.g long^'r. 
plu* Inau, tiUttw , A Snj*»rlative adj<*ctive corn- 
pan** the tiling naimnl with wveral others- 
at least two and shows that it e# a 

*ertatn quality in a fngher degrvs* than any of the 
other* # ♦; longest. Ir jj»tn butu, altutm mutt. Tile 
same applies to a«l\»*Tls* 

Conjugation . Verb# an* mffts t«*d to mark 
\o»ee. Tens**, Number, and IVrwon. 

Tin* inflexion i* caIIihI ( ’>ntugati<~m. Vtiirx* 
w tl»e ft>rm of the verb by which it is 
shown whether the subject of the sentence 
stand* for the d»vr or for the sufferer of 
tin* actum spoken of by the verb. Most 
language* Have two voices— Active (where 
tile Subject «*f the senteniv is the doer of tiie 
actions and Passive i where the subject of the 
sentence ‘ suffer*, or is the object of the action), 
btwb has a M sidle or Reflexive Voice in addi- 
tion Mixwi i* that variation of the verb used 
to express the mode or manner of an action or 
of a Mate of Wing. r,g. simjde statement (Indica 
tire Moodb command (Imperative), pousibOitv 
osubjunctiwk Wb*n a mb has no subject 
expressed or implied, it ts said to he in the 
Inhmtive Mood ; the other moods air finite 
Tense indicate* the time to which an action or 
event s* refemd ; in all lang u age s the natural 



division i«» into Past, Present, and Future, with 
hffermt varieties and shade* of meanings of 
, du h. Person is a modification of the form of a 
*.*rb by which it is ahown whether the speaker 
•.jarakiTof himself (First Person), or of the person 
*r jierson* addressed (Second Person), or of some 
(her jierscm or thing (Third Person). To “ con- 
jugate ” a verb is to give ail it* tenses and 
lie sals, and the full Conjugation of a verb is 
«h«* formation of all the inflexions And com- 
bination* used to indicate Voice, Mood. Tense, 
Numbrr and Person. Thus, when w*e speak of 
the four Conjugations in Latin or French, we 
mean the four modes of forming the tense* in 
ih«**e languages. In English there are two 

» on j ugation*,” Strong and Weak : the former 
modify the vowel-sound of the root to form the 
j>a*t tense (write, wrote) ; the latter add • rrf or f 
to the stem (lor*, for -erf). 

I *rr posit inns, ('on junction*, and Intcrjeeiion* 
in- not inflected. 

Root. These inflexions are not jieculmr to 
Kngh*h : they are found in Latin anti Creek, 
.*nd most of the modem Eurojiean language** 
Originally most won!* were constructs! on one 
.»nd the same plan. Then* was first of all a 
“\liaMe or short combination of sounds, railed a 
The root is that port ion of a word which it 
h«* in common with other word* that relate to 
the same notion; it represents some fundament a! 
idea common to many words, as <jf.n in ym* o*, 
gmrration, tjtndrr. ymun. T" tin* root 
u,»- added a sufhx or suffixes, indicating ! In- 
part of speech intended. a* th in Irntfth . The 
riM*t and this suffix combined form the Stem . the 
**trm, therefore, of a word that* admits of in 
flexion, is that portion of the won! on which the 
inflexion* are baaed. This suffix i* often railed 
a stem suffix, to distinguish it from the later 
suffixes apjierided to mark change of nunifs-r, 
case, tense, etc.. as -# in girls ; -** in kn; 

iflrl * ; .ffi in hard, etc 

Thu* we have first the root, then the stem, 
finally the complete inflected word : * <j na 

<r*mth nature (stem - root -r suffix -fur# ). not nr* * 
(stem - plural inflexion). 

Analytic and Synthetic Languages. 

We an* now in a pomtion to understand one of 
the deep-lying fundamental division* between 
languages. A language w hich is rich in inflexion*, 
like Latin or (irrek, 1* colled Synihrltr ((Jreck. 
” syntheticos ” — “ able to put together h he- 
cottar it puts many meaning* and relation* into 
one word. A language which is poor in in 
flexions. like English or French, and use* separate 
wrofd* instead, i* called Analytic (wreck. 
” Analytic** ” = a hie to split op or take to piece* ; 
r f the 'noon 44 analyst* *'). 

The tendency of language* i* to paa* from 
Synthetic to Analytic, and the language* which 
are to-day Analytic »w originally far more 
Synthetic’ if not ’entirely to. We see this ten- 
dency in the paawagc from Latin to French, and 
in that from Anglo-Saxon to modern English. 
Anglo-Saxon, for example, was on Inflexional 
or Synthetic language : ita noun* hod five cam, 
and there were different deckmakma ; adjective* 
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wcn» declined, and had three genders . pronoun* 
had more forms than they haw to-day, and some 
had a dual number, as well as a singular and 
plural ; the vert* hail more variety m the ternn 
nations of their person* (•rsdually. m the thrve 
centuries billowing the Norman tom pie*t, i»<*m 
of tilt's** inflexion* were dropp'd. mid wparatr 
words (such as prejtoMtioris and auxiliary vrrlw) 
w^re t»*si ill their Mead For example. On 
Anglo-Saxon won! Tunge ( tongue 1 w»* 
decimal tbu* : 

f **<*- >1 nyular, Plural 

Nominative , . . Tunge Tutigan 

Xcciisnt i \ e . , . Tutigun 

< lenitive ,. Tungctin 

Ihmve ■ ■ .. Tungutti 

Ablative 

Preposition*. Modern English, however, 
mark* t hew* inti« xion* b\ thcu*rof prcjM Motion*. 

* »/ *’ of t lie toflgUe, ‘ to the tongue, r|« 

Similarly in Litm. for example, the different 
person*. tiutnU r*. ten****. ut<»od*. and \imi* wm* 
denoted h\ inflexion*; c </ ntn<< I Imr 1 atm* . 
iiwus flout 1«*\**M tuatmtr , ainat he love* 
— 1 1 nirn* l*nl m. a mat rfut In w otthl lie h o *d ' 
tfie root »h am love , <1 »*• a * 1 * in wiifhx, 

marking a lerb; rt denote* *uh)umti>e nr»«l 
and past ten*e . t third js*r*oii , and ur posset <• 

\ on «• 

Hie few infh xion* that English d** * k»* j> «»«’ 

id) del H ed from Xllglo >11 x oil, f <J uh 1/ jlh»‘ * »l*l 
uhlotiie or instrumental . a*M of wh* ). uhit<<m 
and uttd'tm (the old datixe easi-s plural of u Ini 
time, and rare) l*rot»af»ly m r our*»‘ of 

time Knglish will laaome Mill more and mote 
Analyte , until jterhnjs. some day »t *dl I*' an 
int!e\ii»nles* language. 

How b«at to Acouire a Language. 

Tliere is no short < ut to tti« m <pu*ition 1*1 a Ian 
guagt', that i*. tot he thorough understand mg< if it. 

< if court*', a language • an l«r t»*rv easily “ picked 
up, as we say. by a short resulefiix* among tile 
(s-ople who sjs’itk it Hut merely to rep**»« 

certain sound* »* not to know a language, exrn »f 
we pronouiu-e the iwuimf* fpilte correctly To 
know a language* we must understand the why 
and the wherefore of all the inflexion* of it« 
words, ami their relationship *mr with another 
in any sentence of that language. 

tTidoublrdlv, therefore, the l*-at Way to at tidy 
a language Am) to learn its grammar is to begin 
with sentence*, not with single word* The unit of 
speech 1* the sentence, and we cannot fix an exact 
meaning to a word until we see it in a sentence 
It is thus a great mistake to start learning the 
grammar of a language by committing to memory 
page* of rules and paradigm*, or by confining 
onewelf entirely to acquiring a large vocaimlary 
of ite words It mi with the sentence that the 
pttj#il should begin. When once a sufheient 
numfier of sentences has liern ” assimilated. ” it 
will be easy to analyse them into their competent 
parts, and to show the relations that these bear u> 
one another. 4 ‘ In this way,* aaim I*rof Have*, 
••the learner will be prevented from regarding 
grammar as a piece of dead mechanism ora (.hiness* 
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puix)(t, of whirk (hr part* mu»t In* fitted together 
tti wvonlinw with certain tHiiriit nil™, And 
wilt realtor that tt turn living organism which baa 
a history and a reason of its own. Tbr method of 
nature and sc* mw ah hr i» analyte ; ami if we 
would lf»m a foreign language prtrprrly we must 
twn tt as wr did our mother tongue, by ftnl 
mastering the rk|tmwn>n id a comjwrte thought, 
ami thru tweaking tip (ht« exprowiton into it* 
■rvrroJ element* " 

Tht Ftrtnl of Modern Language*. 

The more language* one knows, the easier it 
lw'<>nn*» to acquire nlhro ; for tin* student of 
several tongue* i* aide to ” link cm '* tti«* new 
om» with the old To a student of IaUii, for 


example, the acquisition of French Is a simple 
matter ; he knows that in Latin Sene donmre 
mean* “ to sleep well " ; so when in French he 
meet* the word* bin dormir be knows their 
meaning at oner. Thus an enormous amount of 
memory- work is saved, and teaming becomes 
not ao much a 44 getting something off by heart,'* 
as a pigeon-holing of new ideas and impressions 
into receptacle* already prepared for them. The 
question is often aaked, “ Of what use is the 
knowledge of Latin ? ” Seeing that Latin is 
the parent of French, Italian, Spanish, etc., and 
lias also enormously influenced the English 
language, it will lie easily seen that to know 
Latin is to accelerate the pace at which one can 
cam any of these languages. 


LATIN 


By Gerald K*. Hlbbert, M.A. 


DKFOllK tieguinmg this ♦ «»*ir*c, the student 
should read carefully the urtirh- on the 
study of language* which intnshi c* this 
Section of the Kin ( iron Tlic m( u lent is recom- 
mended also to use u g «*l English Lit in and 
l«atin Kngh»h Ihctiotmrv 

^ Alphabet. Tile I .a till \lphi»ls*t in like the 
English. hut l*atin has no ”w 

Pronunciation. As I Atm i* •% ••dead" 
language, its pronunciation u* coru)»arHhtrty 
U!ittii|M>rUnt In our f rmrr«itte» and l*uM»c 
Setter* d» it is usually pronounced as KngUsh It 
is more correct, howrtrr, to pr on miner || mi 
IV ts'lt or Italian Tims, for nvaiuph : 

a should Is* pronounced as ah (as m father), 
e ., .. a (as in pay ) 

» .. .. c (as in meet \ 

It matters little which pnuumciat'on the 
student adopts 

Slop# nod Spoiling. I^atin IS spelt by 
»yltnMr* t as English Tin* Quantity of HylUMr* 
i« short (v). long (-». or doubtful (-),** the 
vowels are long, short, or doubtful 
The modern St * » are used in Latin 

FIltST LESSON 
S*«-rio* I tJHVMMAIt 
There ore Five tVc tension* of Utin Nouns, 
known by the endings of their t«cnilne# ; 

(Urn. Ntagsiur *e, i, tv a*, ci. 

Gen, Pinrui - Arum. Drum. I'm or lum. rum. 
Kntm. 

Nouns an* declined bv Number ami (Atse ; 

by Xumbrr, ( W. and fiendcr 
The A‘w*tlwr* are two . Singular ami Mural 
The (lenders are three : Masculine, Feminine, 
and Neuter, In Utifi the gender of a noun is 
ufta'd determined t*y itsending. not, as m English, 
by Ita meaning Thus, wwasw * a Uti«s w 
Cam mine, although “ table ” m neuter in English. 
The Cm*** are six : 

Jaswvrs tbe fmssiwm — 

I. Aon. Who or what ? 

3. IV, (IW of the petwon addmwed.) 

1 Aerms. Whom or what ? 

Itff 


4 Cm. Whose or whereof ? 

A ftai To or for whom or what ? 

f». AM. By, with, or from whom or xvhat ? 

Not*. : The dative and ablative plural are 
always the same. 

Noun* : First Declension x -a stem*. 

Nominative caw* end* in -a, except a few in 
fM and * * Nearly all nouns ending in *« are of 
feminine gender. No neuters in this declension. 

St nyular. 

X*mm. tor subject) rnenaa, a itthle. 

I V. mensjK , n tnMr 

\cru* (or ohjiw tivc). mcnsnrn, a taldr. 

Cm nit*tis4»«. of a tabU 

/ At/ DiHKt . u» <«r far a laid*. 

AM uj' n*wt. hi/. « n/A, ur frtrm a table. 

Plural 

S*mm menvt*, taMe* 

I <* men**-. tt taMr* 

f »rw, mensas, ttiMf». 

^♦Va m*-usarum. #*/ UiM* * 

IkU. tirtiw*. t or p# taUr*. 

AM. nicnsiv by, ini A. or from tables. 

Vmr the act inuitirc where in Engliah we use the 
direct object, and the dative where we use the 
indirect object — t.g . lie gives a book (acctok) to 
the boy (dab). 

Ijke woMd decline almuM all nouns ending in 
-«t. except that dta (goddess) and filia (daughter) 
make dative and ablative plural dembus and 
filtmbn* (to distinguish them from the dative and 
a Illative |>lural of dru* *. god. and film* « son). 

Noun* x Sscpod Dodonoftoa t *o stems. 

NommatiiT ends in -as and ~er (usually mss* 
rulmeh or in (neuter). 


S*mt. 

Simgtdmr. 

animus (tbr «uW) 

PtmrmL 

animi 

IV. 

anims 

animi 

Are- 

animum 

anirno* 

Gen. 

animi 

aaitnorom 

Dot. 

ammo 


AM. 

ammo 





Singular. 

PbtraL 

Vom, 

poor {boy) 

puori 

1 

puer 

puori 

4rr 

puentm 

puero# 

*bn. 

puori 

puero rum 

!HU, 

puero 

ptiertA 

IW. 

puero 

pueria 

A t/m. 

labor (wmknuw) 

fa bn 

For. 

tabor 

faliri 

1 re. 

fa brum 

fahrtM 

firm. 

Jabri 

fabmrum 

l>if. 

fabro 

fabria 

1 W. 

fabro 

fahria 

V •/«». 

donum {gift) 

dona 

1 *< 

donum 

dixia 

),*,\ 

donum 

dona 

'»>#. 

doni 

donorum 

Jkti, 

dono 

doma 

1 Id. 

demo 

dom* 

Note 

: The vocative of 

/>«* ((iod) ia 


nominative plural. lh ; dative and ablative 
plural. Ihjf. The vocative* of fihut (non) u* fib 
\ ir (a mail) i» declined like purr ; a^ iwitur, 
• 'tram ; genitive. »*»m ; dative and ablative. riro 

Adjectives : First and Second De- 
clensions. Adjective* of three ending* in *m. 
a. urn { masculine. feminine, neuter) or rr, n. um. 
follow the Second and First declension** of noun* 

I techno the maaculme like ani mw. put r. or fain r ; 
the feminine like nunm ; the neuter like don urn 


rhiL*. turn 

i us (g<K>d) : 
Ma*r 

Frm. 

Sent. 

Xom. 

IxmiiH 

t*ma 

iMinum 

Vnr 

lw»ne 

l»ona 

Istnuni 

1 rr 

A1#h* : 

liorium 

lwuiani 

In «n urn. etc 

A’om 

trner (tender ) tencra 

tenerum 

Fur. 

toner 

tencru 

tcfirrum 

fer 

t**neruin 

tone ram 

tenerum, itr 

\t»m. 

niger (hlatk) 

nigra 

nigrum 

For. 

mgt*r 

nigra 

nigrum 

ire. 

nigrum 

ntgratu 

nigrum, nr. 


Prepositions. These an* indeclinable. In 
l^atin they arv um*d with either the accusative or 
the ablative cam*. 


The following take th * aceuaative : 

amlf. before. apud, among. near 

ad, tu, at. embers*#, opposite to. 

'■iremm or rirra. round, on both side* of 
ntra or n*. this aide of. 
enjd* toward** contra, against. 

inter, among, between, extra, outaide of. 
t»/r«* below. intro, within. 

jnrtm, ciasm to. ab, on account of. 

pen**, in the power of. pmr. hr hind (rare). 
past, behind, after. prater. beyond, except 

prff, nest to. 

propter. an account of, thanks to. 
per, through. 

srrmmdmm, along. supra, above, beyond. 

Knar, in the direction of. 

«* rs. beyond. frsaa. a cross 


UMUAMtt UTHI 

The following take the abU’ ve : 


a tab, <ib#). 

With CMIN V 

and 

dr. 

by, with, from 

with 


down from ; 




concerning 

cttrtJm, 

pro. 

wit) 

i t r or r. 

in the presence 

of in front of. 

out of, from 

cm Imhalf of 


lenun. 

rinr. 

also 

p'ce. 

ns far aa. 

without. 


in fnxit ot 


Tlie four following take the acvowative when 
they denote “ motion toward". ' hut the ablative 
when they denote place at 

Sub and Suittrr (I) with accusative, " up to " ; 

sub mur%* up to the wall* 
(*J) with ablative. " Iwneath 

Super (I) with accusative. " al*ove. 

" U‘\o||ti *’ . a**, i«|nr 
1 ley of id the Indian* 

(;>) w it !» ablative, ** on ” 

In (I) with accusative, "into, to, 

again*! 

(*J) with a hint tie, " in. at, on ' 

IVefMMMtion* usually come l**fore th**if noun*, 
e\cept tenus and o «g fb/in im term**, in 

the direction of Koine TrnustnU l" 4 umm! with 
the genitive Abo write wcnui, heum (with mr. 
with thee), not rum me {Sre Pronoun*. n«’*t 
b*H*on ) 


Verb “ to be/* 

I Mill VTIVK M*HI 
Singular 

PHKSKVT Tkshk 

I M pt rmtn aunt, / am 

2nd i#rtnm cm, tlotu art 

*.\nt per mm «**l, he, *h' , or it * » 

Ft Tt kk T*>«r 

I *t prrmm rro, / *ho , l I*. • tr. 
2nd prrmm efl* 

3rd jrrmm erit 

luraartuT Tk.v«s - 
t si prrmm cram. / ««*. el r. 
2nd prrmm era* 

3rd prrmm erat 

I'EKftlT Tr.!e*t 

I M prrmm f«n, / have hern. etc. 
•Jod fjrrmm filial l 
3rd prrmm fuit 

FrTrn* pgsrunr- 
14 prrmm fuero, / shall Kate 
turn, etc* 

2nd prrmm Inert# 

3rd prrmm furrit 

Pixrssn&Hr— 

1 d prrmm faersm, / had been, 
(etc. 

2nd person hsmrnm 
3rd person fliers* 


Vlufat. 


Minin*, ur aer 
ye are 

aunt, the y art 


erirnus 
etit i* 

or u nt 


cm mu* 

ernti** 

eran! 


funnu* 

finrunt 


furrimu* 

fwnti* 
fur mi t 


fucrarau* 

f uerat ta 
fur rant 
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Sl HJt NtTIVK Moon. 
Singular. Plural. 

VUUMKST — 

l*f prr»<>n *rn* / may I**, « »r semi* 
If f m> 

£md prrmm *!», siti# 

tied p*rmm nit , he may Ar , nr min < 

ht him hr 

turzurn t 


Id tttr mm 

e-ss rin, / might Ur 

rwnnjs 

*2 ml 

e**e« 

essr-tts 

Urtf prrrnm 

eatM't 

«*s*ent 

f’Earai-r 

1 ri f >*r mm 

fuenm. / man htn-r 
( Uu n 

fu«*rifiius 

‘Jtml ftermm 

fuel is 

flieritis 

It rt/ ftrrmm 

fuerit 

fuennt 

Bi.reKurrat - 


1st /»r»*on 

fmssetn. / thituld or 
mi jht hair Ltrn 

fuiss» inns 

2nd fret mm 

fltlssrs 

filissi ! is 

’Ard f*tmrn 

flUswct 

fiiiHM-nt 

BnKsr.aT 

iMCKElTtVC M*m 

r|> 


»**. t>* thorn 

♦ ^tr, Ur v* 


El TI KE 

e«to, th>»* mu*t ftt rslnte, i/' mu 4 hr 
e*tn, ht mu*4 U* Hulito 

hriMitu Moon 
I'lir^KHT twse, t < Ur. 

I‘enri« t oh Bm rutrieit • fuis«r. hav* /»♦««. 
Ft ri UK Bunn tri.r. bit tiru». a*»mt f<> U* 

Bt ri nr hriMTiU 1 futtmi* e**r. u* Ur aLont 

I" /h 

NnU To form the Imperfect StibjtltM Inr « »f 
n \ef h, «u)<l m to iVirnl Infinitive : t**r, rs*rm 
Ltketttae add m to IVrfret Infimlite tc» form 
1*1 II perfect Subjunctive [huh *c, fuiMsrm 

Skitios If SYXTW 

Rult 1. A finite Kerb ag irtTK w 1 til it* hiI*jiv1 
(at it* nominatin' nwrl m numU*r and po^on 
fThi* dor* m»l apply tt* the infinitive m<K*d , 
IVf rum|4r, Nmm adrst. thr •luvr w preernt 
A Uemm. ! urn |»rwt\l Martin tuirmul, the 
muutar* will lu* p»v*rnt { f'i/Miiu is * compound 
of the preposition ad and *nm ) 

Rult 3. An adjective (or pronoun or |*art 1 
eiplr) i y wi m number. gender, and case m it H 
tli nubtnndvr to whui tt 1 * uttm lifd ~ r.y . 
r«rn r4 ftm irin. dear i» one * native land. Wnftro 
( v | have) muiM <y*«*. I hurt many horara 

Rult 3. A uulutantivr mav have another 
substantive adtlrd to nplum or Aeaenbr it ; thr 
Utlw ta thru aam! to (r in to thr 

former. utul muit «|m> with it in caw-# jr . 
Filins I wforor, rrp*mrr Bntmnn^mm. rvx rnif r 
thr sun of Vie Iona, « preen of thr Britons, will hr 
king. | it genitive, in ap^wtum to 

rirlnriir) 

Xutl: Anr finite part of thr mb *mm 1 * 
wuall v a copula or link. linking thr corntdctneot to 
thr subject — thus, /Miranfw cif rex r Edward » 


king. The complement will, of course, agree v, *) 

the subject in number Mid case, and (ifthe <. » .. ! 
plement be an adjective) in gender aa well-, 
Mlum eril longum = the war will be long. 


Vocabulary to 
War tu Hum 

if Ulli 

Romans K* ■»<•»< 

o'»i ti**. i:« •oiati' •rum 
Ally .win* 1 
Gault J «*J it "'01111 
Long O'nyui, *, urn 
Rath t,* *■ 

Wood •«* 

If *1 («)l|| 0ut'tUHr<ti* ) 

Wot *»»« 

And Et 

Mltarabla Miser rnlMfn, 
Island )n»ula ,'iniM mtu 


Leaks et Heart. 

Wave— I’nda, .«». 
Frtond— Atnicun, -i. 
Pear-tree— Pinw, .j. 
Slave- Servu*, -i. 

Town— Oppiduni, .i. 

Weak— Inralldu*. a, -urn 
Broad— LaOw, -a. -urn. 
Straight— Rmu*. a. -um 
Britain^ ftHtanni.-L 
Book -Uta?r, hlirt 
Garden ~fi**rtu». i. 
Crown - < ’<*r< Ht*. -H'. 

Gate H‘*rta. -* 

Strong -* um 


Tlir **tu<l»-nt 1* iui\ tii uritr out thr follow - 
Nrfit«*n< a ra in and then oomjwirv them 

with thr kry given U*lo«. eoirecting hi* own 
w n*ion th«*n*by and Wing careful not to refrr to 
I h»> krv untd h<* ha* made an mdcja*ndcnt effort 
t»« Initial ato fm himself. 

1 Tin* war U'tw»i‘ti the Roman* an<l the rtllte* 

of the i iauU mil lie a long on«* (<»mit 

’ < *ne * | 

2 The path to luw pn- position ad) the Mmxl 

u» hrond and rt might. 

3 If -he had lut-ri gt m kI (" *he " mssl n»*t l»<‘ 

e* pressed ; it wilt eot)Vey«*(| f»y the 
getldt'r of the udji'ctlli' “ giNiil she 
would not ha\e U*<*n miserable. 

4 Tin* island of Britain {say. " the island 

Britain. Britain Is ing in ap|s»siiinii to 
island) is m the midst of (say “ among ’) 
t h*- wa\f‘s 

5 Tlie Ux*k (thi* ls>ok of the ts»y) was 

the gift of (his) friend 

6 In th** garden then* had la'en n pear-tree. 

7 I give (do) a eroan to the goo<| slave 

S 1 walk (amUuU’\ to the gates of the toun. 

9 1 s * t ns la* frn*n<ls and allies to the weak 
slaves. 

10 “ To U* '* is g<M*l (neutrr) : * a tohnvr Iwm ** 
is Iwttrr [mrhu», neuter of msUar ~ Iwttert. 


Key to tiik Above Sentescra. 

1. lU llum inter Homanoa rt msnoa (iallorum 

ent longum. 

2. Via a<l srivam rat lata rt recta 

3. Si U«a fuisart. non miser* fuiaart. 

4 . Insula Britannia eat inter undo*. 

5. Puert liber rrat amici dociura 

6. In horto fuerat pirns. 

7. IVi eomiMun btmo srrts* (indirect object). 

R. Am bolo ad portas oppidi (Note: The 

dative, pwft#. would he wrong here ; ** to 
the gate* " is not indirect object. 
Wherever ” to ” ripmuM ** motion to,” 
use ta or m i with accusative ] 
ft. Stmts* amici rt aorit tnvalidi* srrvia. 

10. Ease rat bonum : melius (rat) ftiiase. 



Section III. TRANSLATION. 

The student should translate the following 
^*ntenee« into English, first mastering the word? 
this vocabulary: 

VOCABITJIHY TO LKARX BY HEiKT. 
Probus, -a, -um-o^h h«»uc»t. 

Beams, -a. um 

Ul In *>nlt*r that (lake* the Subjunctive 1 
Fluvlus. -l- ltivrr. 

Poets. *• .»na»i v- P*»et. 

Humerus, *|— MumUter. 

Verus, -a, ura- Tnu* 

Amlcltls, Fnemlihtp. 

CStlrum, -I— Fort (111 pL ntrhnt - a ramp). 

Albas, -a, -um >' ha*. 

Ludu*. -I School talw* )>)*), ^ainci 
Parvus, -a. um Small. 

Dlselpulus, 1 -behoUr pupil. 

Uttui, -a, um - Joyful 
Domlnus, l Matter. 

Pallium, *1 -<*U*ak. 

1. K*te prubi lit U'.iti vitis. 

2. Oppklum Lomlinium est pmpe latum 

tin \ turn. 

3. Servuu Mt |K*n«*u dominion 

4. Vcrgiltu* eritt jwn trt a pud Romano*. 

5. Pallium fuerat m humeri* nt m.»* 

6. Wrn amtntm e*t donum dronmi 

7. f>i*?rum Komunorum rrat traits tltmiim. 

3. >i alhi fuisacni. non mirri fin*«*ent 


UMUAMI-Um 

9. In ludo ersnt parvi disctpeli. 

10. sunt antmt Uinoruut 

Kr.v to the Abo\k SmiiMt** 

L Rc honest in order that you mav U 
happy. 

The town o( I^uulon {note nttiiHfooii , 

*’ of ) is near a hroatl river 

3. Ix*t the slaw U* m the |N>arr of hi* master 

4. Vergil was a imet among the Roman* 

5. Tlie cloak had lawn on the ,ju<s u * 

shoulder^. 

6. True friendship is the gift of the gm|*. 

7. Tile fort of the Hoiiiiuit wa* mrim- t) . 

ti'er. 

8. If they had l«*en white (men) tin \ w«.ul I 

not ha\e lieen hint k 

9. Ill the school there were Mimll mh**Ut* 

10. Joyful are the minds of the g<*id (men), 

{Noth: “ Man ’* and " men are often not 
expressed in bitin - r </ horn the good J 

The U'gifiiier is rtM otnmended. after wilting 
on! the nl>ove e.\ereij*rw, to reverse the |i|ihowi 
and turti the wiitotiee* t mined ml el v atxoe tin* 
ie*te into J«nf in. and the bentener* Dgminug 
Jit Hum tuftr Jlomnno* into Kuglinh 
7" **r e*M/|«Mf(/ 


ENGLISH By Gerald K. Hibbert. M.A. 


THE Alphabet. The Kngtmh \lplmU-t «•* th** 
ordinary Roman alphalwt, with the addition 
of the letter w. It cunsiM* of twenty mix leMer-. 
wh»' h an* written l»oth an small letters and a- 
e tpit.il*. 

< %ht\l* A. R, <\ lh E. V. <;. II. I. J/K. 
L M. N, O, I\ (7. R. s. T. r. V. W. \. Y. Z 

Smiix. », b. c. d. e. f. g, h, », j, k. I, tn, n. 

<». p. q. r. *, t. u. v. w, x, v. 7. 

Capital letter* are used at tie* twinning <>( 
proper mime* ; al«*o at the Ugnmitig of ev«r\ 
new* sentence . and of every line of poetry. The 
pronoun I and the interjection O are always 
capitals. Capitals are also used when speaking 
of the Divine Being, ' g> Thou. He. anti in »ucL 
cxpreft*>nn* as Hut Majesty, etc 

The English alphabet is both redundant and 
defective : redundant because it contains three 
letters fc, q, x) indicating sounds which are 
also indicated by other letters (c » k or a, q - k. 
x r ks or gs) : defective because there are only 
twenty six letters (twenty* three really) to 
express at least thirty -eight sounds. For the 
fifteen sounds which have no •!***» letters, we 
tt«e certain combinations of letters,, as ng, tc. 
•a, «&. c A. etc. We want a new alphabet of at 
least thirty ‘eight tetters, one for each sound. 

Vow ala. The letters a, e. i, o, u are calb*d 
rotreb (Lat.. vocnlit vs sounds Uek because they 
can be fully sounded by themselves, sod with 
no cheek in the passage of the breath. The 
remaining letters are called Consonant* ("sound- 
ing with’ h because they cannot be fully articu- 
lated without a vowel sound along sritn them : 
they are row cheeks. 

IF and y ace semi - vowels ; when they are 
fol low e d by a vowel sound in the same syllable. 


they >ifr rothi »natit«, tm wold, i/**ld W l»**n a 
\ow«*l prertvb** tlu*m m tb«* tljry 

t'oinbiiic with it to form mth*’r »» diphthom,' 
N*l<*w ), or a simple \ow* l ruxmd, a* fnr , f*«*/ )' 

i* a purr* vow»d when foilowrd l<v a «oti**»nan f , :w» 
Y<jdrfi*tl : tht* um* it* ongimd u*m- , it «uv* »ir*t 
uw«| a* a cmiHoimnt *.iU r th»* \«*rman ( 'nnipitwl 

When twf» towel iwiund* an* proniiunrcd n* 
nnc •‘Vlbiblc wr* have a dijthlh'tiuj ( ‘doubb* 
sound ' ). Hi'' four true dtph thongs arc : 

! i, an m fond, find {if tin* *arm* *»ourif| m 
ay * ), Tim* iv >u rid a * * 

2. o* r»r oiy, a* ill Aoi *t, f«of, hu*>y ft - th«* 

MUind of a in fall -t e 

3. cu, a* III rujthony : thi* diphthong t* «!*/► 

found in mutr , cur, rhtu\ btau *»/, *ud 

4. r/M or oic, a* m hrtt , j*>nnd. 

Note. In when* two vowels an* written, 
but only one pronounced ^gaug#*, l*»»t, rnirn). 
we have not a pro|**r diphthong 

The primary vowel soun^b* arr* i (an in tnt > t 
it (as in f*r\, and u (as in pull) : all th»* other* 
are modifications of these. 

The simple vowel sounds in English, as given 
by Mason, are thirteen, viz. : 

1. The sounds of a in toll, falhrr, foie, f«u ; 

2. The sounds of r in nut and m*U ; 

3. TIm* sound of i in j*n ; 

4. The sounds of o tn * *A and n*d* ; 

H. The sounds of « in ruU, pull, fur, and hut 

Consonant*. These are classified thus : 

1. LlQUtxi : l , m t a, r, They run smrKithty 

and easily into the sounds of certain 
other consonants : t g mft. mp . ad, a/, etc 

2. Sibilant* (hissing letters) ; #, jt, r f wdt ch. 

sA. and j (or soft g). * 


m 






LANdUAOM-KNOLfSH 

J Mi *11 the remaining consonants, 

cxn’|it h, an* divided into three 

(la^, according to the part of the 
lumillt or throat rfiiefly used in their 
pronunciation : 

* Lnhulh (hthium bp): h, p, /. and r. 
h ( rfr w a be*tii) : «/, t ♦ and 

/A //A it> *harp in /Ami, flat in fAi*) 
r. hiwmijN (guitar throat): ;/. A*, 
hard / and rA /«* in /orA). and y 1 * 
AWr C is hard ( k} Metre a, ", w iraf. <ot. 
rut); hi I soft f s) I irfore r, », y f cedar, eider, 
ry*0 In (Hd Knyh*h r wa« alwav* hard, and A 
win* a »wiirr#liiot** letter The *oft wound of c ir 
title to French influence aftei the Norman ton 
quest .NnyuUrly with g* it i* haril l**fon* n, »*, 
m ; mid sometime* hard and wom**tinie* *<»ft 
Iwdorc r anti i (get, give, gem, giant) ( T h and 
gA an* now used a« aspirate* only in f/>wMnd 
Scotch t’A it usually *oft m Kngli*h (mix It, 
child; and *A in rousAtar); it t* aofttetjme* 
hard (ache) /*A in Kngh*h is (1/ sdeut, a* 
ikitHtjk, {'2 ) f. A* rH'Httjh, 

// form* a elan* by itaelf It resemMe* a 
(Mif)«iir»ant in that it rannot h r ar1n ulated by 
Itself. hut it m not piojirriv a raiiMmmit It ih 

• wimple impulse of the Wrath, and in < all -d 
all aspirate (sptro I hrenthe) It w i* 
originally a guttural, and Mill retain* thi* sound 
in Scotland ami the north of England In aome 
word* A m alien t thnr, hour, honour) ; in certain 
other* It I* doubtful ( r g. aortic jiroplc aay 
has total, olhcm tor fatal) In word* beginning 
with *r*A (who, why), the A should la* sounded, 
e.g , teh*u i* not pronounced a* tog. hut a* A u\4 

</ a* ha* tern said. i» a *tJf»cr1hiou* letter. 

It u* alway* followed hy u, and in Old English 
thia wound wa* rxprrwwrtl by r*r (ricra queen). 

Dtftcli In English Spelling. A i»*rfcvt 
wyMrni of spelling or writing wtmltibr phonetic, 

• r would indicate exac tly the wound* mrulr m 
"leaking For tlu* purj*w*e it »a ne«'cs#iary ; 

I. Tliwt there should U* a letter for each 
wpokrvt wound , 

2 That each letter whouhl Aland for only one 

wound ; 

3 'lhat, tn writing a word, no wound whottld 

lr omitted and no uttpronoum'cd lettcrw 
ahould la* added 

English * pell mg break* all thewr rules : 

1 Aw there are only twenty three letter* for 

thirty eight woumK there are fifteen 
wound* without I'umwtmmliug letter*, 

2 The letter a. for exaiufwe, retirewentii tier 

wmi)4e vowel wound*, aw in fait, /«/!, Me, 
fmt, i roal ; an doe* t \m efr. pH, Ami, eitrk, 
prttty ) ; « reprewentw two wimple wound* 
(pth fir) and one dinhthonga) (hde) ; o 
reprewentw three mumdw (wh, f*4, for) ; a 
feprewmtw four (rwdr, pwl. /»», /wr). Cf, 
Ah and IAm . rUmpt and mwfA 
5 tettrn are often wrntten wrhieh are not 
pronounced ; thewr ate uweleww aw wtgnalw 
of the wpoken word : 

t m tt w eAeww m dmr'k, arena. 

<l M put, rripm, 

t „ m ham; 


Syllable. This consists of a single V o, v 
or a collection of letters prononneedtoget t - 
and has only one vowel sound. Words consist t 
of one, two, or three syllables are called iesp.1 ' 
tively monosyllables, disvllaWes, and tn 
syllables ; words of more tLan throe syllabi, 
an* called polysyllables (Gk., polys, “ many 
In dividing a word into syllables we must a>. 
far as possible indicate the significant parts of 
which tlu* word is composed, e.g, trans-act, not 
tran *a< t ; c n*ct. not er ect. There is, however, 
a limitation to this rule, for words must he 
divided in writing according to the way in 
whit h the elementary sounds are grouped in 
afje/tk mg, i r the division is usually made after 
the vowel, ami the follow mg consonant is carried 
on to the next syllahh*. t.y. hu niour, facing. 

Am nt in tlx* Mrr*» ttf the voux* upon a syllable 
a* . utAfix t. ja rvi rsion, .'orrode. Different^ 
nf aci'ent is often the only distinction between 
mum** and verlm, * ,</ reliel ami n*lxd, progress 
and pr<>gr»-*s Many words have changed their 
iM’o*fil, and the t«*t»dency of Kngdish is to 
throw the accent Iwx k. towards the lw'ginning 
of a word Tim* Shake* pore ust's contrary, 
Milton IthiAph* moiot, }*o|s* compensated and 
effort, et«‘. 

Parts of Speech. They art* eight in number: 

I. Noun o. Adverb. 

‘J Adpx-tive (and \rtule). fV Pn'iKaution. 

:i. Pronoun. 7. Conjunction. 

4. Verb. S. Interjection. 

Noun. A word inw*d as the name of souh*- 
thmg (»<w*cw name). 

('i.AHsirn vnos or Not ns Tlien' an* two 
mam rhuwe* of nouns : 1. I*norr.H \«»r.\s ; 2 
Common Not ns 

1. A Proper Sou* is a name appropriated 
(I^tin, i*n>}frtnm) to one particular thing or 
perm«*, e.g «loau of Vn , Abraham, John Jones, 
the (Vwar*, M<mt Blanc. 

2. A ( omiwoa .Yona is a name which all things 
of the same kind have in common (r<*wwKAM 
shared by several). All otiuns not proper are 
common. Kxam|4es: eat, town. cowl. water, Uiok. 

Notr IVoper nouns may W «*on verted into 
eotuitum. e.g " lw is the iRu/xrt of deflate.’* 
Similarly, a common noun may Ux*om»* proper, e.g. 

”1 am going up to Ti*rm" { meaning “London”). 
Comuitm main* an* *u!«divided into : 

!. Ordinary i'Ut** Sames, i.e. names fs-Umg 
mg to each individual of a class, or to each 
portion td some sort of material, e.g tree, iron. 

2. ( ' alien ttm Simms, denoting a number of 
perwuow or thing* forming tme V»ody. e.g. com- 
mittee, jury*, herd. In the plural auch nouns 
stand for several similar collection* : *.g. the 
l*ari laments of Eurojie. As a rule, a collective 
noun haw its verb in the singular : ** the Govern- 
ment haw abdicated ” ; hut when attention it 
directed to the individual* composing the tuh- 
jfd, the verb is plural : e.g. '* the jun* were right 
in finding the prisoner guilty.** 

H Abstract Voaaw. denoting not object*, but 
quality, action, or state, e.g. dnrnmmem w. walking, 
tmamkaml Also names of arts and rroev*, rj 
utar, biology. 
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ispUEXiOHs of Noras. Nouns arc inflected 
to mark Gender, Number, end Case. This is 
railed Declension. 

Gender. Gender distinctions in English are 
beautifully simple. All names of animals of the 
male sex are masculine ; namte of animals of 
the female sex are feminine ; names applied to 
animals of either sex are of common gender 
ikerp, twin) ; and names of things of neither 
sex are neuter. This is a natural distinction of 
gender based on a natural distinction of sex. (In 
other languages, gender becomes a merely gram* 
mnticai distinction ; thus, in Latin, rnrttta, - a 
table, is feminine because it ends in -a.) Of 
course, when lifeless things are personified, they 
t**aae to be of neuter gender, and are made mascu- 
line or feminine : e.g. the moon is spoken of as 
*he ; the sun as he ; a ship as *he. 

TVrr are three ways of indicating difference 
of gender in nouns. 

1. Hy Inflexion, the gender being indicate! by 
the termination of the word. 

(a) Different suffixes used for masculine and 
feminine : 

Masculine* Feminine. 

Sorcerer Sotwiv** 

Murderer Murderess 

(Jovernor (ruler) (So vermes (instruct rr*») 

Emperor Empress 

N\*TR. The ending rr is a true English suffix ; 
its feminine was -tier, of which epinrter is the 
only example now m use. “ Songster “ and 
“ Seamstcr ” were originally feminine, so ‘ wcaig- 
stress " and ** seamstress ” are douUe feminine*. 
Therefore although certain words ending in * *ter 
are now used as masculine, they on**** denot#**! 
occupations earned on by women, *.<). ta|ister 
(har-iuiud). maltster, bre water, huckster, luster 
(bake), webater (weave). etc, 

(b) The feminine formed from the masculine 

bv adding feminine suffix*** : 

(i) tly far the commonest of the*** is -fas, e g 
actor, actress ; hunter, huntress ; negro, 
negretw ; votary, votaress ; peer. per row; 
Jew, Jewess ; abbot t. abbess (shortened 
from ** abliadeaa ”) ; lad, lass (laddews) ; 


master, mistress (vowel modified) ; duke, 
duchess (French. thicker#) ; marquis, 
marchioness 

(ii) -en, an old Teutonic feminine suffix, of 

which only one pure English example 
remains : vixen, from jo* ((»erman. 

Fuchwn) 

(iii) The following suffixes an* foreign impor- 
tations: trix (executrix), »*r ( heroine b 
•iiw (cxnrma). a (sultana) 

Note. Ill the following word* the masculine 
seems formed from the feminine : 

Matcuhn f. Femtmnt. 

Widower \Vid»*w 

Bridegroom (groom man) Itride 
(hinder (hnwN' (old form jmh*\ 

m. The second way of militating difference 
in gender is by prefixing or affixing a word 
significant of aex to nouns of totmuon gender: 
Mar* nit nr. F* mint nr 

(Wk-bittl Hen binl 

He goat She goat 

Man-sen an! Maul sen ant 

Buck rabbit D"* labhit 

lVa coek Feu hen 

3. Tlie third way of indicating different «• of 
gender is by using diwtimt word*: 

Mnrruft nf. Feminine 

Man (originally common) Woman t wife man) 
Father (on** who b**-* Is) Mother (bnitger forth) 

Son Daiight**! < milkmaid ’ ) 

II u»t mud { house* bonda. Wife (a woman) 
or manager) 

Kmg(f'ymng) gue**n (female, <*r 

Iliotbei ) 

lynrd (loaf ward. Itlafnrd) lady (l»U« fdige) 

M<»nk (monat bus.a lonely i 

dweller) \un (nomia grand 

Friar ( brother) I mother) 

I trakc (king of the duck*) Du* k (duer) 

Inch* Aunt 

Wizard Witch 

Sir (senior) MiuUm ( mea domma ' 

my lady) 

To be nmhm tied 


FRENCH 


By Louis A. Barb*. B.A. 


THE French alphabet, like the English, con- 
1 ataiU of twenty -six letter*, including W. 
which occur* in a few words of foreign origin. 
The names of these letter* are : 


A 

* called hh 

O 

. . calleJ o 

8 

hey 

P 

f**y 

C 

- * oty 

Q 

.. „ k U (•*** t below) 

0 

<*y 

a 

. . called err 

t 

ey 

• 


9 

. „ eff 

T 

.. ley 

O 

•* jay without 
th? initial d-ooond 

0 

• * r fi (pro- 

nounced as the vowel 

a 

. called shah 


sound in M rumour, 4 * 

t 

• t, •* 


but abort) 

j 

n iee with- 

out initial <f-asmd 

r 

w 

. . called rev 

dobbl cry 

a 

. railed hah 

a 

idea 

L 

11 

a 

* w ^ 
n 

r 

s 

:: : =T* 


The Vowslt. The vowel* an* a, a, t, *», 
r, Y. Ut us consider them in their or*l«*r. 

A. 

In pronunciation the vowrl A may have either 
a long or a abort sound Tlx* long wound rearm 
blew that of the English a in father. Tlx* short 
so und baa no tlaoiuU 1 equivalent in Kngiiah. 
The nearest approach to it may 1st got by pro 
nounctng such words as hat, eat, with the mouth 
well open. A a cnea , "*o/il)y silent, as in a**ut, 
{Aufutt), pronounced is# 

E. 

There are three hinds of E — mute e. chas'd e, 
and open «. When the final letter of a wonl 
of more than one syllable. * mute is ready 
•dent ; but it cauae* the preceding ctmsonanta to 
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bp wniodcd cWriy. Tbo* the proper pronuncia- 
tion of parti i* got by making the t felt. 

In ttip bodv of > word f mute » practically 
dntpprd in ordinary conversion. Thus relaclu, 
pronounced f'lahsh. 

In mmicwytlabk’ words, such m )t (I), me (me), 
U (the), the #. though mute, is felt slightly. 
The sound ha* no exact English equivalent, 
ft has some rew*mt»lanre to the slurred sound 
of r, as eoUo'iuiidly pronounced in such a com- 
bination as the kry. 

In attempting to indicate this shade of sound 
m the phonetic explanations throughout thus 
rourae It a ill lie written r This is also the 
wumd of eu t n* in feu. pronounced fir , tire ; Wen, 
pronounced hit, hlue ; o n, as in bariif, pronouiH’ed 
or/, ox ; a uj, pronounced r/, egg ; ro nr, pro- 
nounced Arr, heart ; rhu nr , pronounced krr, 
choir ; n<ruH, pronounetd nr, knot ; entire, 
pronounetd rrrr, work; so nr, pronounced *cr, 
amter . cow, pronounetd rr, wish ; and of a, as in 
in/, pronounced t yi. cy»* 

ho* tl»e Hound of a in femme . pronounced 
/am, woman 

A remain* mute when followed by *, and. in 
vet lwi. by ni Thu*, jurtt , j*>rtt *, and )»>rient are 
all pronounced ptrt 'I’he sound of closed e 
»h approximately that of * in l»t, nut. It is mdi* 
entrsl by ail mute artvnt tliliH, r. ( Ipeii i has 
t»o dart counterpart m Knghsh Then- is an 
approach to it m the u of /omr Hie sound has 
two m< allocation*, the one tathet shorter than 
the other The *»tic <**1 ur* m m«»n**H\lb»bic 
words ending III C4, a» /ri, the plural of the definite 
article /r, and 111 mrj». en i, Jir*. the plurals ot lb* 
wljn live* fnv. this, A lid hi* ft is also mdirated 
hy the grave accent, thiise, a* in /w/r, pr<*tu»ufiee.i 
purr/ (father) The i irvittiiflei aiavnl. i.cmn 
tin at I % mark* ihe other, a* trte. |*ronotmeetJ tut* 
fhrtui) 

I. 

The mnittd ttf llte towel / rrsemlde* that of the 
English er in /rW, ** dr (island) IlirS’ I* a 
iihortet, hut not esMentially different sound of 
the trtler, a* in •/ (he) 

O, 

The vowel O haa a clearer and more detinue 
sound than m Kngl **h When long, it* length 
i* aUmt that of the English «• in m** or »k*+ r* 
A* far a* mere length gin*, o short t» «|uu dent 
to #» in md 


V. 

There im nothing in English rrwemMmg the 
Fftndi sound of t* To produce it, keep the 
lip* well rounded ami pumed while attempting 
to pmommiv English » The actual sound of the 
vowel i* not materially affected hy tla being 
abort nr long 

Y. 

)' i* equivalent to ! at the beginning of a word, 
aa year, pronounced tt-e (eyeak or after a con- 
sonant, a* dyfr, pronouneed «t#d- W hen nre 
ceded by a vo«d it «i pronounced like ** ; tW 
nay# (country), nft ya (ettiamk aUmpe (abbey h 
b ec ome pay er, ivWiro-ytttrw* *, dayff, 

• tw nyuaUw «f t ewlwl w a der M aawl K 
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For the proper proBimoiatioii of the Fmn <■< 
rowel*, it i* of great importance to romemU 
that each of them lepmmttii one gifagEe defmit 
sound, whether short or long, gad not a com- 
bination of vowel sounds as is sOmethhee tie 
case in English. 

The names of the vowels when used as suh 
stantives are all of the maeoulizie gender. Of th^ 
consonants, /, h, l , m, n, r, s toe feminine, but all 
the others are masculine. 

Vowel Sounds. The vowel sounds un- 
represented, pot only by single vowels, but also, 
in certain cases, oy combinations of vowels. 
Thus : 

L The sound of A occurs in 0%, in which, how - 
ever, it is preoeded by, and closely connected 
with cm : oi = oua. 

2. The sound of mute e is produced by ai in 
certain parts of the verb faire (to do), as faisant, 
non* faisons , je faiaais. 

The closed sound of e (6) is sometimes repre- 
sented by er and by ai, as in aimer , j'atmai. 

The open sound of e (A) is also produced by 
nis and by et, as in mat*, pronounced may ( but ). 
jxine, pronounced pen (pain). 

3. The long and short o-sounds have equi- 
valents in aw, eau, avx, eaux, as in Paul, tnaumts 
(bad) f ratea u (boat )aube (daw r n) chateaux (castle). 

4. Tlie sound of U is represented by eu in 
certain |nvrts of the verb avoir, as in feus cu, 
prnrmuneed fti zii, 1 had had. 

The Consonants. There are twenty con- 
M»nnnU. which it is inj)K>rtant that we should 
in*w itm.Hidrr. 

B. 

The < otiH'inant H ih pronounced as in English, 
thu* . Kith, fU'unl) Ana final, it is not sounded 
in /A-mh. ftnoiounivil lead. 


C. 

C ha* the hard sound of k Udore the vowels 
a. «*. w. as c* ip. pronounced kah />. eape ; com. 
pronoutM'ed kt*>, n«s*k ; Udore consonants, as 
cia-*jte. pron»»uneetl Ha*, class ; cn. pronounetsi 
kri7 % erv ; and at the end of word*, a* av<r { w ith ). 
tn- 0«eak). pare (park). 

It ha* t I k* soft sound of * tiefore the vowel* 
r. i, y, a* rer», pronounced #f#i, thi* ; rite, pr«>- 
nounerd city ; rypriw. pronounced *e*pnn. 

n lire** 

In **<■» met, pronounced ze-fftm'. and it* deriva- 
tive*, r i* pronounced like y 

( after # at the tieg inning of a word or aydUUe 
i» not «ounded ; thus. *nrnee. *tH \t, ore pro- 
jwwoouiuvl *e*-a«-w'a mne 

C tinol » silent in a few word*, of which the 
moat utuol are bane, pronounced U um\ bench ; 
gw or, pronounced sdr ; Uaw, pronounced 

Wimt w*. white ; rlrre, pronounced clmrt, cirri ; 
frame, pronounced fn ttrw% franc ; tremc, pro- 
nounced from*, trank ; pare, pronouneed par, pig. 

Ck baa the hard wound of k in moat words 
derived from the Greek. It ha* the *oft sound 
of *h in ard berf ew r, pronounced iini-tjr-iah. 
axehhiahop ; mrcitpri, pronounced s krah te peL 
archipelago. 



D. 

A a* to tot totter of ft word or syllabi*, is 
sounded as in SogUah* thus : tots (dome). As 
s fins! it to nauftttr aifent» as in bord, pronounced 
bor % edge ; tot when indeed in peop uno totoi to 
A wo rd W"»«tog with ft rowel or ft mote K it 
assumes the soimd of f ; grand ami becomes 
graterf-tomi, greet friend. This linking does not 
affect the sound of d in words in which it is pro- 
nounced as ft tod* ft* md (south). Thus* we say 
tmd-tM (south-east) with a d-sound. 

F. 

Initial F has the same sound as in English. 
As a final it is usually sounded, as v if (lively). 
href (brief). rerf (eerf). The exceptions to this 
are clef, pronounced H*jr, key ; cerf , pronounced 
Mir, stag ; and cerf -volant, pronounced *»»>• 
rulatrn', kite ; chef-d'oeuvre, pronounced 
dnrr, masterpiece, and the plurals trufs and 
Ixrnf*. eggs and oxen. Authorities differ tut to 
whether it is silent or sounded in the singular 
*er/. All agree as to its being silent in the 
plural nerf s. In the numeral am/ (nine), the / is 
silent liefore a word beginning with a consonant 
or A aspirate, if that word be multiplied by the 
numeral ; but not otherwise. Thus, neuf mmn 
(nine months) is pronounced nrmwa, whilst in 
ft neuf fanner (the ninth of January) the final 
/ is heard. In the same numeral the final / 
assumes the sound of v before a multiplied word 
Ugmnmg with a vowel or h mute, as in neuf 
hr urea, which becomes nev-err. 

G AND J. 

C has a hard sound, as in the English words 
r/an, gratae, glimpse, when it comes before a, «, 
w, l. and r, as in geilon, pronounced galtm*. gallon ; 
'*>*trr, pronounced goi-ee rj /. threat ; glfdre, pro* 
nntineed glwarr, glory ; agree Me, pronounc'd 
a grey aid, agreeable. 

In order to get the same guttural sound 
Udore t and », the g must lie followed bv m, 
which. however, is not otherwise sounded. thus ; 
guenr, pronounced gkereer, to cure ; guide, pro 
nounced gkeed, guide There are a few words in 
a Inch the « of gut and gu* is felt. 'Hies** word* 
are — aiguille.* pronounced *gg~ *re*-e, needle; 
enguiWm* pronounced egg-uve-on*. goari ; 
Qigtnser. jironmmccd egg -ver ity, to «har| en ; 
arguer, pronounced akr-guejr, to argue ; and the 
proper nouns fiuise. f>ronounccd (iuee z and 
Guizot, pronounced O wee to. 

The nearest equivalent to the toft sound of 
d it* represented by « and au m such English 
words as niwm, measure. It naturally assumes 
this sound brfore r and »', as in grvtil , pronounc«*d 
joicn* Jft (nice). When it is required to give it 
this soft sound before a or o. an intermediate e 
must lie introduced, as m gem, pronounced yey, 
)*>’ 

The sound of J w identical with this soft 
sound of g, as m yd% (pretty), yeune (young). 

The d 'Sound which in Engl tab ^ aw litotes a 
part of the pronunciation of y, and sometime* of 
g, as in Jane, George, must be carefully avoided 
tn French. 

Final g t* silent us faubourg, pronounced 
Lfavaitf Maft amlsr L (sniogi 


fihboor, suburb ; doigt, pronounced dim, finger; 
tnngt, pronounced mm*, twenty; Hang, pro 
nounoed etoupn*, pond 5 hanng, pronounced 
oraum?, herring; long* pronounced km\ long; 
mmg, pronounced «wr*\ blood; rang, pro* 
nouncea mint', row. 

When tod g it carried on to a word beginning 
with a vowel, it takes Use sound of k, thus; 
mtng et earn is pronounced wnrn'kryd. blood and 
water. 

H. 

Initial H is not sounded ; hut in word* tit 
which it is said to l* aspirated, it prevent* the 
elision or dropping of the final vow-el. and the 
carrying on or linking of the final consonant in 
certain words that precede them. Tims, h bring 
aspirated in A#*r<w» (here) and kaeke (hatchet ). we 
say le keros, la htteke, tea hen**, tea harken Mute 
k is non-existent for pur|>oac* of pronunciation, 
so that the words in which it occurs prae 
tically liegin with a vowel, and consequently 
allow- both elision and linking, llius. with 
homme, pronounced <>m (man) and ktat*nrr, pm 
nounced re* tuakr (history), we get t'hommr. 
VhiMtnrt, and we pronounce lm httmmm, ten 
hiat>nr*a as U z (h)fim* ir z (hire* fiotkr It, 
though aspirated in heron, is silent 111 all its de 
rivatives; I'hrrmne, /'A/niosi', rUr. 

K. 

The letter K o* found only in a few wool* of 
foreign — mainly Ureek — origin. It* premia 
nation offers no difficulty. 

L. 

llie simple and natural pronunciation of l. is 
the same as in English : lei utter. pr<»n» mice d 
Inr-re et/, laurel ; chedouy*, pronounced nktd»f*p, 
shallop. 

Final / is not sounded m hunt (barrel), < hm*l 
(kennel), ertuitf (duck), mid* *or (blind road). 
jn*il (gun), gnl (gridiron). nonJmt (navel), 
out it (ftsil), pr*i/ (parsley). **»«/ (surfeited). 
nnttml (eyebrow I. nor in gettitf, e\c#*pi when it m 
followed bv a word Iwgitilling with a vowel or 
aft unaspirated A 

ill cei tain worth final / pn*> rdrd bv » assume'* a 
liquid sound With regard to the pf«q**r prti 
nunciatton of this liquid sound there 1* a diffr 
rem-e o f usage and of opinion The simplest 
form of it consists in giving the / the value of 
\Vry short g*. without, however, allowing ft to 
form a separate aytlaMe TIh* word* tiiat ha%e 
this liquid sound of final I are ; arnl, |*rraioun*ed 
at rg*e, April (»ce<»r»lmg to s<»»ih* authorities) , 
ba tnl, prulioumwd ba f ve-ye, rhatter ; rtt. |»ro 
nounce l **a%f*. eyelaah ; /« nt, pronotmeed 

p erref. y*. jirrii 

Tie* liquid sound of / on*urs not only in certain 
word* that have final U, l«it al*»» the follow mg 

terra matirms — pronmmeed re ye (except 

nl/q town, and miUr. thmisaml) ; ad, (*r<inom»ml 
age ; a*U*. pronounce*! age ; ed, pf<moun<-ed age ; 
ride, frrrmr>unml dge ; eud, pr<moum rsl i gt ; 
mull*, prono iince< 1 e ye ; rd, pron ounetwl / v* ; 
out lie, prummnfed on -ye; mdle, pr^icioumwd eat -y* 

H axd N. 

Initial M u pmoouti red a* tn Engiwh, thus ; 

m 
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mu **\ pronounced tatter. miwc ; miii, pro- 
nounced mie f//>, mi^Uv, 

K X o*pt m » few word*. either Latin or ot 
foreign origin, au**li a* item. pronounced THem, 
Item ; knrtm, pronounced arr cm. harem, final 
m, father with the vowel preceding it, ha* a 
naas! sound 

This na«'il Hound arming from the letter 
tn or n /no mm or nn), preceded by a 
vowel, ahould I** pronounced without any g* 
»ound Hu* a* the nearest English equivalent 
aUttV* occur* With a final g, the phonetic ex- 
planation of the pronunciation of aucb word* 
will in tin* course 1*' accompanied by the g 
*ho*n thu*. * For example: rhamp, pro- 
nounced ./mi/ u\ field; dune, pronounced dawn 9 , 
in, or info; /»>«, pronounced Aon', good ; mainon, 
pronounced mug m oti 0 , house. 

Natal Sounds. I. The nasal sounds are 
four m miffilier an, in, on, and ?/ n ; but each 
of them represent* wmou* com burnt ion*. Tims: 

12. The nasal mouiuI of an i* also that of arU. and, 
an c, sag, am, amp, rn, rnt , *fa, and aon, 

and of urn in ( ant 

X Hie nasal wound of in t* also that of atm, atn, 
mint, run, nn, tint, im ya. and yrn 

4r Tlic nasal a* huh! of on ♦* also that of tmt, 
omi, and tm 

X The nasal sound of ttn in also that of out, 
uni, and um. 

X dll tl» one continuations nrr, except in a very 
few wort In, pronounced with n nnw 1 round, alien 
they are final* A« initial*, or in flic body of a 
wool, they are it aaa I only when followed by a 
consonant other than m or a Thua, im tm 
naaal tn »a»/**M»Wr (aa' y**hbi) 

7, Em la naaal in rsattipitcn* aw*), and ita deri- 
vative*, 

M »* ailent in amittmme, pronounced a (bn, 
autumn, and alao in Hammer, pronoun****! dak *rj, 
to damn, together with the word* derived from 
it 

Initial a w pronounced a a in English, thua : 
memf, pronounced nil, new ; at. pronounced a it, 
nor. When followed by a vowel, it retain* 
Oita ammd in the body of a word, aa in aacdta. 
pronounced am^dan*. •nodjw. S communi- 
cates the annul of a to the vowel t m kenmir, 
pronounced rV netr (to neigh) 

Except in nbdt*men, nmen, Eden, and (according 
to some) kf mem, pronounced rrmenn. Hymen, 
final a give* the naaal aound to the ayllaUc 

F. 

Initial f* a nounded very much aa m English, 
bat with a slighter opening of the lips, thua: 
fata, pronounced fmk, atep ; prune, pronounced 
wga, plum * fm*k§. pronounced pnmk, pocket. 
)*k ha* the value of f, aa in English. thua: 
pkmrt, pronounced fukr, lighthouer. It «a 
sounded before a and $ in totth derived from 
the Greek, aa : /memmmmme, pronounced pfa^ , 
•i. pneumonia. It i» usually adent before*), 
except in the initial svflahle of word* derived 
from the Greek, nr trow the Latin erjtfei n, 
thna: mefOrmbre It is silent, hbwever. tn 
k /f k w , prono un ced kdfmr, baptism ; in 
natnpisr , pronounced foat/vg, tn count « dbmpter, 
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pronounoed dor*ley f to tame; eculpter, p- 
nounced ektiUey, to carve ; and their derivative 
and in exempt , pronounoed earner*, exempt ; arc 
prompt, pronounoed prof*, prompt It is ah 
sounded before t in abrupt, % Inepte, adoption 
captieux, reptile, accepts, rMemptcur (redeems 
and their derivatives. The meanings of thes 
words are obvious. 

Final p is usually silent, as in camp (camp). 
champ (field), coup (stroke), drap (doth), loup 
(wolf), galop (gallop), cep (vine-stock), and ah*, 
in carps (body) and temps, pronounced town*. 
time. It is sounded in cap (cape). In heaucoup. 
pronounced bd-lcdb, much, and in trop, pro 
nounced fro, it is sounded only before a word 
loginning with a vowel or mute h. 

Q. 

Except in cinq, pronounoed sar*k, five, and 
coq, pronounced kduk , cock, the only two word** 
in which it occurs as final, the letter Q is always 
followed by u. The combination qn has two 
different pronunciations, with regaid to which 
no precise rules can be laid down. It may U* 
said, in general terms, that qu is equal to k in 
words that belong to popular speech, as in 
qum, pronounced kwah, what ; quitter , pro- 
nounced her try. to quit. In words commonly 
culled of learned origin, qu has usually the sound 
of Fir when it is followed by a, as in aquatique, 
pronounced ahrutiek. and cquaieur. 

In nnq the final q is sounded, except when that 
numeral multiplies a word beginning with aeon - 
*onant or aspirated A. as cinq franrm, pronounced 
mm* /raw, five fran***. In that case it is silent, 

R. 

The lettrr H is pronounced with a strong 
trill. iwcwliii'iHi by the Mhratum of the uvula, as 
in nmgf (shore), marine (navy), mercredi (Wed- 
nesday). 

Final r t* Aoumled in the monosyllables frr, 
pronounced /err. iron ; mer. pronounced merr, 
xw ; rker, pnuumnc*cd tkerr, dear ; or, pro- 
nounced or, gold ; mnr, pronounced miir, wall ; 
firr, pnmounccd fir -err, proud ; kite, pro- 
nounced yeatenlay ; mienr, pronounced 

*»*> *r. air ; but not in the compound monsieur. 

It t» alao sounded in final »r, a* t*lai*ir , in tbe 
dissyllable* aamr. pmnouiHvd ok merr. bitter ; 
Aierr. pronounced rrrr. winter ; enfer, pro- 
nounced a%rn' ferr, hell ; Hher, pronounced eterr. 
ether ; cniUer, pronmmeed kuye yerr, spoon ; 
in a few Utm noun* and in some proper names. 

Final r t* silent in the combination irr in all 
polysyllables except those mentioned above, and 
tn alf infinitives in er. 

B. 

Tbe letter S has two sounds— a dun, hissing 
sound, as in tbe Engitsh word sing, ana a softer 
: wound, as tn /ear. 

* Initial *, whether followed by a vowel or by 
a consonant, has the sharp sound, as in rope, 
pronou n ced mhj, wiar ; **e, pronounced aft, 
saw. 

In Um body of a word i has the same sharp 
sound if it is either prece d ed or followed by 
anothe r con sonant, as m forofnt, prono un ced 
levrak, whan. 



Them m m exemption to this in the case of 
nords in which the Latin preposition trams occurs* 
Thus, s hat the sound of z m transiger (to com- 
promise), and in transaction. 

The hitting sound is alto produced by m 
t >r tween two vowels, as in passer, pronounced 
p oksey. to pass. 

A single s between two vowels has the soft 

sound. as in rose, pronounced rose, rose ; i metre, 
pronounced m& zairr, misery ; maison, pro- 
nounced may-zon f , house ; poison, pronounced 
ptrah zon*, poison. 

Final s is usually silent, as in dans, pronounced 
inwn\ in ; sows, pronounced too, under; /*> id*, 
pronounced pun, weight. 

Final s is sounded in tons (pronotin), hut not 
in tons (adjective), meaning “ all." 

When plus, pronounced plii, more, helps to 
form comparatives and superlatives, the final s 
i- silent. It is also silent in we . . plus no 
longer. It is sounded in jdus ~ more, in /his /Jus, 
m de plus en plus , and in plns-que par fait. 

Final s is silent in Jesus. 

T. 

The sound of T is similar to that of the same 
letter in English, but rather softer, owing to the 
afjwonec of the slight aspiration that generally 
follows it in English. Initial / always has the same 
value, as in table ( tahbl ), table. In the Itodv of a 
won! it retains this sound when it is followed by 
a consonant or any vowel hut *. as in rntratn, pro- 
nounced rnm’-train*. dash ; entnmrr, pronounced 
au n' tammey, to broach. 

In /», the t retains its own pronunciation (I) 
when preceded by s or x. as in hast inn. pronounced 
l*a steeon g , liastirm: mixtion. pronounced meex (r* - 
on', mixture ; (2) when followed by lit or hrr. as 
substantive endings, thus : omtfiV, pronounced 
UTOcc-frc cy. friendship ; entier, pronounced atm* 
ter-ei/, entire ; (3) when followed by e mule, a* in 
/tariff, mndestie. The exception* to this an' a few 
nouns, of w hich propA<*»>. pronounce f prnleu sf*. 
is an example, and all nouns in aft*, as 
drm r »cratit (democracy), in which ti U*com<** r * 
in pronunciation ; (4) when followed by en or 
mue. as in Iratr, to hold. 

Final / is usually silent, but is sounded in abjert, 
pronounced abject, abject ; brut, pronoum^i 
bruit, coarse. 

T final u* silent in ringt (ex cept when followed 
by a noun beginning with a vowel or mute k). 
in guatre-vingts (80) and all the numbers from HU 
to W. It is sounded in ringt H un (21) snd all 
the remaining numbers up to 29. 

It is also silent in sept , pronounced set, seven ; 
and knit, pronounced u&t, eight, when these 
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numerals multiply a number beginning with a 
consonant or aspirated h . 

Final i is pronounced in Christ, and Ihrotestant* 
usually retain this pronunciation in J^sus Christ. 
Catholics seem to prefer a pronunciation in which 
both s and I are silent, snd say JcsuCkri. 

Th , whether initial, medial, or final, is pro- 
nounced like t. win the ttcuk meihndr (method). 
zenith (zenith ). It is wholly silent in isthme 
(isthmus). 

V. 

The letter V is pronounced as in English, thus 
Were. pronounced irerrr (to live) It is never 
final. 

W. 

H* never occurs except in words of foreign 
origin. It usually has the sound of V, but is 
sometimes pronounced like uu in English words, 
such as uhig am) whist 

X. 

* Initial A* occur* in a small numlicr of purely 
scientific terms derived from the tlreek. and also 
in a few proper nouns of foreign chiefly tireeh 
origin. 

In the ImkIv of a word, x has approximate!) 
the same value rv* in English. 

A* has the \ahie nf : in drurirmf (srroml). 
dtriemr (tenth), sirtem#- (sixth). 

In •oirtint* (“HtyV, with its dem all ves, and 
til ftruxrlbs. x has the sharp sound of ** 

Final x is usually silent, thus : /*nx, pro 

noiinc«vJ pey{ |«eaee), prir, prottotim'cd p*rt ( price) 

It has the \ulue of ms hi si/ (*«*) and tht 
(ten), except when those numerals mwltijdy a 
noun Is-ginnmg with a consonant or nil aspirated 
h, os six hero*. dir wh»m. In that case it is silent 

When earned on to the next won l, final t 
tak«** a ' sound, thus : drur hotumrs, sir ass. 
In-come dc-zttm, *** zan* 

z. 

Z is sounded as m English • z>mf. gnz>m I turf u 
dnuze (twoUe) 

Final r is silent in nrz »nd ehei It takes the 
sharp sound of s in Mr*:. 

A liquid soiin ! |se,dmr to the French language 
is formed by tlie lombmation of gs m the 
body <»? « worth If approximates the ny of 
tiunyan or the mi of union Thu*. os regards 
this aouwl, there in a similarity Iwtwern rom- 
payntm ami nugmm and their English equi- 
valents rtrmpanum and minum. When qn nartirw 
in final gnt, as in signs (sign), it# sound miy Is* 
approximated bv giving it the value of a very 
slight and dorr, j rye ; 

To he continued 
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A KTKH th»* Stum* AjP*. il»r Agr. and 

** tlie Iron A g*\ by which Iramrtl mm 

distinguish the step* of civilisation in pre historic 
time, iximr in rapid •urt’WMMun the Agr of Steam 
ami the Age of Wertneity 

Lrl atty«*ne try to picture to himself the quiet, 
alow mo vi tig wtuHd m which our grandfather#* 
ami great grandfather* lived, licfnrc the advent »*f 
the locomotive or the stramUiat, Irforr the tele 
graph of the telephone. Irlotr tlie electric light or 
the electric motor T*» travel hy ettarh from L»n 
do n to York require*! four days To send a letter 
from Lauhtft to l*arw required at leant a week 
To sail from Luuioii to New York intdiHl a month 
(«a* lighting made H* appearance m the street* 
of our citiea early in the nineteenth century . but. 
for the real, the tallow candle ami the dim col** 
tal lamp were the mean* of domestic lighting 
The factories, thanks mainly to dame** Watt, 
hail their steam ’engine*, of primitive type. 

Tht Coming of tbs Steam Engine. 

With the advent of tlie steam engine grew up 
our factory system* wliere iwn and women were 
herded together in dark fa*' tones, because steam 
power on any small seale lor tlie individual worker 
was quite uneconomical With tlie steam -engine 
as a |Hiin|ung agent mining could progress, and 
town supplies of water became a possibility Not 
until the development of the locomotne tn the 
middle of the nineteenth century were towns 
brought into leaaonahle romtmmirtUon with one 
amdher ; nor until the marine engine had Keen de- 
veloped could interchange «f news and of products 
and manufactures between one country and 
•neither come into active existence With the 
introduction of steam 'engines began the taste, the 
fashion, and the general use of travel, the growth 
of markets dependent upon the rapid transport* 
two of goods, and the estahlishtaent of national 
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and international jnislage AH this vast develop- 
ment, the beginning of which our grandfathers w it- 
nessed. has gone on until our tune, and still goes 
t»n Hut it* progress has been vastly hastened, 
and its extension widened bv that still more 
modern ami more scientific agency— -electricity. 

A Revolution of Our Own Time. 

Quite recent is the introduction of electricity 
mtA» the serviee of man. While the electric tele- 
graph tn tireat Britain dates front about 1840. 
the submarine eaUe from 1HA4. and the electric 
l«rll from nUuit 1K.YY the commercial intro- 
duction of t lie telephone from aliout 1878, that 
of the electric light dates from about 1878, the 
puUic supply of electricity from nUmt 1883. the 
industrial us*' of electric motors from about 188fl, 
electric l raincars from 1883. electric railways from 
lHW. ami wireless telegraphy, though its’ incep- 
tion was in 1 894. tirgan to lie used only tn 1899. 

Tlie vast development of electnc work to-day. 
with its thousand applications, has been tlie 
product of many mimis, the fruit of tlie laliourw 
of comparatively few pioneers. The salient dis- 
coveries can hr stated very briefly. 1'ntil the end 
of the eighteenth century', the only electrical 
facts which had been discovered or explored 
were those relating to the production by friction 
of electnc charge*, which could indeed’ be made 
to give shock* or sparks, but which had no com- 
mercial application* 

It was true that Beniamin Franklin had identi- 
fied lightning as an eiectnc discharge, and had 
invented the lightning-rod for the protection of 
property from thunderstorm* But so lone as 
the artificial production of electnc effects 
depended upon the nibbing of amber with 
flannel or of glass with sdk. this primitive 
excitation of stationary electric charges was 
barren of osrfut application*. It waa not even 




established that electricity had any connection 
with magnetism, though it was suspected that 
there were relations between the two agencies. 

The Electric Current. With 1800 came 
the invention by Aleeeandro Volta of the voltaic 
pile, followed by its improved form, the voltaic 
cell. For the first time science was provided with 
a steady and manageable source, from which a 
quiet, continuous flow of electricity as a currrnt 
could be procured. These currents could lie 
guided along metallic wires, usually of copper, 
constituting an electric circuit, which conveyed 
the current from its starting' point in the cell — 
or. in more powerful combinations, from a whole 
battery of cells — to any required place, and led 
it hack by a return path to the start ing- point. 

The properties of the electric current wen* 
quickly investigated. Metals and many liquids 
acre found to conduct it : glass, marble, wax. 
oil, and air were found to stop its fiaasage, acting 
as non conductors or insulators. It was found to 
beat thin wires. In 1802 Humphrey Davy dis- 
covered the ore or electric flame produced when 
the current passes between the tips of two sticks 
of cartoon. He also investigated the power of the 
electric current to cause* chemical decom- 
I*ttition in passing through salt -solut ion*, 
through fused alkalis, or through acids. In Jh 2<* 
Orptted discovered that the electric current could 
cause a deflection of a compass needle placed 
near the wire that carried the current, and so 
oj»*ned the new domain of electro magnetism 

First Electric Motor. Thu* was followed 
by the invention of the galvanometer, iho 
instrument by which currents are detected nnd 
measured. In 1822 Faraday pn si need the first 
electric m/ior. m which a magnet was caused to 
rotate around a current, or the wire carrying the 
c urrrnt was caused to rotate* around a magnet. 
In 1825 William Sturgeon invented the soft iron 
fUrtrip magnet. an instrument of \ ast im jsirtam e in 
all the modern engineering applications. Down 
to that time the only known magnets were either 
natural hide -stones or elar pieces of steel (Uvrs, 
needles, or horwesh**** in form), to which magne- 
tism was imparted once for all. Their magnetism 
was in this sense permanent, not ca{j*ble of being 
turned off or on at will, not capaMe of being con- 
trolled from a distance. Sturgeon found that by 
winding a coil of wire around a rod or horseshoe 
of soft iron, and then connecting the coil by 
wires to an electric circuit which conveyed elec- 
tric currents from a battery, so that the electric 
current circulated around the iron, the iron core 
became a powerful magnet. but continued so 
only so long aa the electric current was permitted 
to circulate. On stopping the current, which 
could be done by opening tbe circuit at any 
putnt — which might be far away— the soft iron 
core retard to attract. On re-clewing the curuit 
tbe circulation of current began again, and the 
iron cote again became magnetic, and exerted 
its pull on a neighbouring iron armature. 

Here, then, for the first time in history, was 
man provided with a magnet that could be con- 
trolled and operated from any distance. Tbe 
electromagnet is the beginning of all electrical 
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engineering. An electromagnet is an rmrntud 
feature in every modem telegraphic instrument, 
m every sounder, recorder, ami relay, m every 
telephone, in every electric heU, in every motor, 
in every dynamo. in every electrically operated 
railway signal. Millions of electromagnets am 
constructed every year ; but the essential pnn 
cipleof them all gtws hack to William Sturgeon s 
electromagnet of 1825. 

Generation end Transformation. In 

1831 Michael Faraday made two discover ton 
of cuually fundamental important***, when lie 
estaUisliiHl the principles of the merAantcfd 
gear ruf urn of electric currents and of their #**«*•- 
fttrmatvm. Down to that date the only methods 
known for generating electric currents hail Itceti 
either the chemical method used in the voltaic 
evil, or the less useful method of the thermopile 
(discovered in 1822 by August Srrbeck), in which 
heat applied to the junctions of metallic liars 
set up 1eel4e electric action. Hut Faraday took a 
step far m advance whet), after many failure* 
and a drhlrrnte and determined scientific 
search, he discovered a mechanical procen* for 
generating currents by the moving of magnet* 
near coil* of copjier wire. Hf this discovery, ami 
of its far reaching consequence the invention of 
the dynamo then* »* much to Is* wvwl wlwn wi* 
come to consider the dynamo Suftu'e it here to 
that without this transcendent discovery of 
the mechanical method them would have l»*ti 
none of the lnrg**r |>ractieal application* of el*-< 
tricity to engm****ring work 

Fven a* it wo*. no practical apple at ion (if this 
method VV S adopted ill commerce fot a luont*T 
of year* It i* true that primitive kind* of 
(Iviinmis, under the name of magneto <-1 <n trie 
machine*, sere ma<ie for Islmrstory pur|«*«se* 
Faro# lay himself made such in 1831 . Pun in 
Pari* and Saxton in lexidon quickly followed 
with other form* In 1841 Woolrn h, of Ihrming 
ham. devised a machine capat4* of l*nng driven 
bv a steam engine, and furnished current* h*r 
electroplating ; and Sinsfeden. in 1 851. dr vised 
the method of u*ing a small magneto rkn trio 
machine to excite the magnet* of a larger one, 
thu* obtaining mechanically rurrrnts far r need- 
ing those of the largest batierir* jireviously 
known. He described expenmen ts on the fusing 
of copprr ami mm wires, ami made experiment* 
on glow Lamp* of j4atinum wire. 

Era of Electric Lighting. From Ik. 17 
to lHfi5 inventors were Imsy perfecting magneto 
electric machines for lighthouse lighting ; while 
Wheatstone, Siemens. Variey, Parinotta. and 
Wilde intnxlucrd various improvement* in re* 
jiect of greater continuity of current and m 
ramie* of exciting the magnetism of the 
magnets In the early seventies a *j»w tal 
pattern of dynamo by Gramme, of Pans, having 
as tbe revolving armature a continuous ring <«nU 
came into commercial use and quickly won its 
way. The era of elect nc lighting try art* lamp* 
followed in the year* from 1874 to 1884, succeeded 
by tbe introduction of the glow-lamp. 

Amongst Faraday's inventions of 1831 *M 
that of the induction roil or transformer, a 
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device by winch an el«*<*tric current flowing in a 
roil of win- induces ii current to flow in a neigh - 
tsiuring coil of wire, the action king dependent 
upon th«* variation* of strength of tic* primary 
current j**-e n later Chapter in (hi* section on 
THAS^r»iR%IKK* j 

'|*hr tir«t application of tin* discovery was the 
Hfutrk'Coil, on apparatus for ohtaining bright 
long spark* by indm tion from a men* current 
from a few voltaic cells. The later application 
in the mo Jerri alternate current trann/ormer for 
• flanging high pressure current* into low-pretiKure 
current*, or r»tr came into commercial 

ifii|*»rtance only akut 1HK3. when alternate 
current generator* had ken put n ) h * n the 
marker (or the purj**«* of eleetru lighting. 
Without the trannforiner tfiere would hate l**en 
none of (he great m hf’iiM'f for the elm lric trail* 
rtiMMjon rrf |»ower, or the utiii*ati«m of (fie energy 
of walerfaJi* , for stub f rHfi*m»**ion of eh*# trie 
energy would k wholly uneconomical unless the 
rurrenf roultf lie conveyed al very high pressure* , 
anti high (iressurc current* cannot la* used for 
lighting of tramway work unlcs* they are (ran* 
formed down to A Mutable low pressure All 
till* we afiall see in due « otirsc (rec < liapter oil 

TttA**utftHMios* or 1 * 0 w ru j 

Syatama of Trantmlitlon. After al 
tenia t mg eltH'tnc < tirrent* had thu* brn mtr*»- 
duml, there came the intention by Ferrari* in 
lHK5, ami by Tesla m 1 KHH, of the combination 
of two, three, or more wjuirute alternating 
eunvnl * m different f»kuic«, to work alter* 
nalr current motors . and *o arose the two 
)4ia*c and tiine phase systems of trart*ini**ion 
the latter predominating today in all the 
great scheme* of electric engineering 

With Imltene* h»r the generation chemically 
of wreak current*. the trlegr»|4i, the telephone, 
and llie eliH tnc kll n*<Ti\«l their naturat 
development With dynamo* for the mechanical 
geoemium by *team engine*, or water power, or 
ga* engine* of continuous current*. there 64 
lowed the application to elect rot vpmg, electro 
plating, ehvtro gilding, and nickel plating, a* 
well a* the supply of electricity to art' lamp* for 
pu!4ic lighting and glow-lamp* for interior 
illumination, and to the |m>pol*Mon of tram car* 
and electric Uunu>ti\t* \> ith the alternator 
fur the mechanical generation- by power -of 
alternating current*, anted by the u*r of tlie 
transformer, came the utilisation of waterfall* 
and the tranantiwiniti of electric power on the 
large scale from generating centre* or power 
house*, the current* bring transmit let! to tuiUhk 
di*tn tailing centre* and there transformed down 
or converted into eontiniKW* current a* required 
by the varum* consumer* Tk driving id lac* 
tone* by «4ectnc motor* ; the use of electric 
furnace* for smelting and the manufacture of 
allot** and of new chemical* ; the proiniUKV) 
of heavy Irwin* bv eteetnc moton — all these 
became possible only by the development* just 
vented, and these all originate with U»e snenfbc 
r ese a r rh e* of Michael Faraday. 

A RtOtftl RmluHoa. How great has 
been al) this vecent drrdopwat a few statistic* 
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will reveal Before 1880 there ^wa« not 
Great Britain a single house electrically light, 
nor a single supply-station erected for t* 
public distribution of electricity. At the <• . 
of 1895 there were 38 public companies t - 
electric supply, with a total capital of £5 v 831.<m. 
and 33 municipal undertakings with an authors j 
capital of £1,900,000. There were at that d , . 
about 2,000,000 of glow-lamps in use in Gr*' • 
Britain, and about 18,000,000 units of elect p 
energy were supplied in that year to the pul, li- 
the average working cost per unit being o\<r 
fourpence. By New Year’s Day in 1905 then 
were 183 public companies, with a total capital of 
over £30.000,000 ; 262 municipal undertakings 
with authorised capital of £31,600,000. Nearly 
20,000,(100 glow-lamps were connected up. and 
over 448.000.OfK) of units of electric energy per 
annum wen* king sold with an average working 
cost nduced to 2 3 j**nec. In electric train 
way*, of which the first two were opened in 
1 hk 3. then* wen* in 1*90 only sixteen companies, 
with a capital of £6,000,000. In January, 1905, 
these had grown to 159 conifianies, with a 
capital of £79.(881,(88), while 115 municipal 
IsmIics had Mis-iit £27,870,(810 on tramways. Tlie 
eariH**t of electric tube railways was the (’itv 
and Smith London, oj**n«*d in 1818). which has 
now 12J mile* of track There an* now in I^ondon 
ah me 193 mile* of track in electric operation, 
and 64 mile** mop* an* either under construction 
or tn pn ****** of conversion from steam pro- 
pulsion In the province* there are 146 miles 
of electric railway m oj**ration. ami over 1(81 
more authorised or in pro****** of conversion. 

A Hundred Thousand Horse* Power. 

The nuntkr of electric kli* sold in Gn*at 
Britain alone average* something like a million 
a year. The total mileage of telegraph wires 
whte.t. wkn taken oxer in 1870 by the State, 
was much under 1(8M88), i* now over 3(81,(88) 
mile* Tlie number of tclegrii|;4iic nM'ssogc* sent 
durmg tlw* year 118M wo* nearly 90,1881,(88), while 
the capital value of the telegraph* of Great 
Britain is estimated to k £36.(881,(88). and that 
of the teleiihotic* £13.2*8W88I. GrrAt power- 
house* for tlw* gi*iw*ration ami «up|4v of electric 
energy to hr transmitted to fortonea and work- 
shop have been erected in a numkr of industrial 
centre*, at Newraatle, in South VValew, m the 
Midland*, in the (Ivde Valley, m North London, 
in Yorkshire, and m l^uicaohire, with othere in 
prugre**. There together represent an output 
of over 100,(8)0 h<m*e-|>ower. and a capital 
expenditure in total of £9t8\(88) The mven 
tKm by i^arnaw of the ateam- turbine has given 
a great impetus to there latest development*. 

It will thus be seen to what an immestae 
commercial importance the electrical industry 
has grown, without reckoning in any sub- 
marine cables or any manufacturing concern*, 
the total capital expended upon the electrical 
undertaking* enumerated above may be approxi- 
mately stated at over £230.0081.000. If we put 
down the capital of the submarine cable com- 
panies at £25,000.000, and that of the c*er~ 
trinal nsami factoring undertaking* in Cheat 



)dC h of theee containing at least two sort* of 
4 tom. A substance is known as complex when 
tt* molecules are composed of a large number of 
atoms- Protoplasm is undoubtedly complex in 
this sense, though it must not bs supposed that 
-t ix necessarily a substance of definite chemical 
c omposition* as are water, starch, and cane-sugar. 
Wry complex substances are eminently un- 
stable. ana when protoplasm dies it no doubt 
• falls to pieces,” so to speak. 

The Chemistry of Life. As we can only 
subject dead protoplasm to chemical analysis, 
a great difficulty presents itself when attempts 
.in* made to determine its actual chemical 
nut ure. But wo know that its nearest allies 
.in* to lie found in what are termed prut rid* or 
<il>inminmd# f of which white-of-egg is a typical 
example*. Yet even these are so complicated 
m nature that ho far we know little more 
than their percentage comjiosition. and till 
they an* thoroughly understood the true nature 
of living matter is far to seek. Chemistry, 
however, has made such huge strides m the past 
that we an* justifiedjn expecting further enlight- 
enment in the immediate futun*. 

At no very distant date a sharp distinction 
wax drawn letwwn Inorganic and Organic 
Cliemistrv, the latter dealing with sulsttancr* 
which it was supposed could only Is* formed by 
the vital activity of plants or animal*. But u* 
Mnce then some of these very sutatance*. » g. 
gra|»e -sugar and indigo, have l»een actually built 
up or synthesized in the laUiratory. the same 
may ultimately prove |*ossiMe for proteuls 
Some sanguine spirits even antici)»ate that living 
sulistance will some day U* manufactured. 
Should this dn*am of the old alchemists ever 
be realized, we shall Is* justified in considering 
life a matter of chemistry and physic* ; but till 
tlien it »s better to remain in an attitude of 
suspended judgment. 

A Cycle of Change*. Living matter is 
further distinguished from non living by the 
fact that it fiosseH through a rye/- of rkangr a, 
which terminate in death with resolution into 
non living substance*. It is, indeed, posuMe 
that death is not an absolute necessity in the 
cane of certain of the lowest animals, a* we shall 
see in the sequel. But the statement i< liroadl v. 
if not universally, true I hiring the life of an 
organism then* is a constant breaking down of 
the complex substance of the body, associate 1 
with an equally constant up- building, whereby 
waste is compensated* growth rendered possible, 
and the production at new individuals made 
practacabie. Without such chemical breaking 
down the energy necessary for carrying on the 
various acta of life would not be available. In 
ourselves* for example, movement* the produc- 
tion of digestive juice*, senaaUon*. and even 
thought, are all associated with such disintegra- 
tion. There is a constant ebb and flow. The 
body of an organ wm retains a constant form 
vtih changing substance, lire an eddy in a 
•Cream. It may be added too that the form is 
typically bounded by curve*. 

Turning to non-living matter, we find that 
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these cyclical change* are not manifested A 
piece of rock-crystal, for instance. m«v retain 
it* nroperties unchanged for an indefinite ^ rnsl 
Under certain circumstance*. uidmi, it ms\ 
grow, as do crystals of sugar candy on a string, 
but the growth take* place by the addition ot 
layi*r» to the exterior, the interior remamitig 
unaltered. And when non living matter ha* a 
definite shape. as in crystals, it is tmuudcd by 
sharp edges. and, as a rule, by Hat surf mr* 
Some crystal*, a* tho*e of diamond. may, it is 
true, |MMsess curved fiu-es. hut the sharp edge* 
are always there. 

The Kingdom of Biology. Th«*<lt*im* 

tions l*»t ween higher plant* and higher animal* 
are sufficiently oh\ hhii, though Unit are 
tiallv com | n wed of protoplasm ; hut as we dcwTrid 
the scale the different*'* Uxome It* 1 **' striking, 
until among the lowest forms id life it i» in** 
always |>o**ihlc to Is* tthxolntelv sure in n guru 
case whether we are dulling with a plant or an 
animal We mu\. in fact. compare tin* two 
great kingdoms of the organs world tt* the 
two stroke* til a V, which are dt*1m*t al*o\«-, 
hut unite together Itrlnw, while the lettt r \ 
m*y l«* taken to reptesent L»th kingdom*, 
together with lie* « ommon *Uwk fr»*m whuh 
they have pndiahly Iren dented The attual 
(MUtltM of difference are !ir*t re*cned till we 
know a little more aUuit plants and animals 
So much i* known nUiul the myriad* of 
organisms w Inch eit her exist or lime «-*i*ted. that 
plants an<l aritmaU are eortmionlv dealt with 
separately by the two sister wetenee* of lk>t ah \ 
(tirts-k. botaru, a plant), arid Z**»lugv (f»reek. 
;rV#n, an animal , //*/•>*, a discourse ), whe h treat 
re*j»ect»\ely of plants and animals, though it 
must Hot Is* forgotten that these are not marked 
off from one another with « I sedate «)istiie tm*w, 
Ireidiw which they an- inter related «n so * oin 

! 4ex a fashion that many proMein* can only 
je adequately sol ved hv the to "| M-rafton of 
ls»tanists and /,«*»logi*1* 

Hither Botany or Zoology i* aw* eptilile of 
di\ision into dcimrt meats. though here, again, 
there is necessarily more or lew* overlapping Tlie 
first of thi'sc <lr|»artmi*nt* »* (loa* iteration 

Classification. When dealing with a mu! 
titude of object* of any kind, it i* an obvious 
matter of convenience to divide them mtogrotjpa, 
according to their winWaiKvi and difference*, 
in other word* to rtnah; tln-m l* ( stage 
coin*. book*. picture*. or what not. all require 
claaaifieation if they are to l«* studied tfitcUi 
gently, ami the proprietor of every shop t* aware 
of the necessity of arranging his war*** according 
to some definite plan* wo that customer* can 
he served with promptitude and ease 

In similar wise naturalist* have long l**en 
accustomed to adopt some kind of Haailirstwn 
of plant* and animals, and one of the most 
notable advances in ibis direction was made by 
the great .Swedish botanist linnsru* during the 
eighteenth century, in his “ Sywtema Ns tune.’ 
In hi*. as in ail subsequent systems, the different 
kinds of plant or animal are termed species, 
though the exact definition of a species is an 
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exceedingly difficult matter, a* we shall later on 
have occasion to learn. Species a re aggregated 
into larger group* or genera , these into still 
larger assemblages, and no on, until at last we 
rraeh the *ub kingdom* of Wants and Animals, 
whi< h together make up the kingdom of Limng 
Tkina* <* Organism* The resemblances between 
mcrnrwr* of the same species are so close that all 
of them ran hr readily believed to have sprung 
from the same stork But aa we go to larger and 
larger group* the mrisbUore* are fewer and of 
more general character. while the difference* are 
broader and more marked 

Scientific Namss. We also owe to Lin 

mean the convenient *y*trni of htnomutl mmun 
cUtfurt, hy which a douUe “ wentific name" 
t* given to every animal or plant. There are, 
for instance - amongst other* three common 
British kind* or species of Hutterrup. known 
to Uitamat# a* Ranunculus buU**us, Ranunculus 
meets, and Ranunculus repens In each case 
Uh* second t* the » pec » fir name, and the first 
the generic name, theae I war mg much the 
name relation to one another a* the (hnstian 
ami surname* of a man. exerpt that the order 
m reversed, a* in many official lut* of liuman 
tiring* Tile individual* of the njwcie* ImUmtsus 
maemUe one another even in minute detail*, 
a* do those of arr\s or those of rrjtens Knd 
although the mem l*em of the three specie* are 
in some respect* different, they agree in moat 
particular*. so that it i* justifiable to place 
all three of them - together with a numlwr of 
other specie* in the same group or genu* 
Ranunculus of the nest higher oftier 
Such scientific names arr mostly den veil from 
latin or Greek. or t*»lh. these languages tauug 
the common property of all civilised nation*, 
and they p o se r — the great advantage that they 
can lw used *o a* to lie universally intelligible 
English, (iceman. Russian, and Italian Uitanist* 
alike understand what plant is signified hy the 
name Ranunculus butonsus. Imt common or 
popular names vary so much that endless ctm 
fusion would I* caused if they were employed in 
scientific works To absolutely guard again* t mi* 
conception, however, it is necessary to indicate 
by initials the authority who gave the particular 
specific name, as the same plant or animal ha* 
sometimes received more than one appellation, 
while on the other ham) the same verbal label 
lias l wen attached to more than one plant or 
annua), both possibilities being the result of 
imperfect knowledge of work already done. The 
complete name of the plant in’ question is 
Ranunculus buBnums U, where the mttial stands 
for 1 anna* us 

Nitural Afflaltlm. The older attempts 
at dasethcaticm were generally more or lea* 
artificial, in that they were often baaed on super- 
ficial characters, which might or might not 
indicate dose relationship A good example of 
this is a Horded hy the (4d group of backboned 
animals to which the name of Quadrupeds was 
given* embracing all back booed animal* with 
four legs* tortoises and toads* as well a* cow* 
and Mh But the two former are cold- blooded 
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animals devoid of hair, while the other two 
warm-blooded, covered with hair, and suck 
their young. It may be added that the limbic- 
snake is undoubtedly a relative of the tortoiw 
and that the whale, which possesses no hind 
legs, belongs to the same great group as the 
row and cat. Anomalies like this were gradually 
realized, and in the early part of last century 
“ natural ” classifications came into vogue, which 
attempted to group organisms in a less arbitrary' 
wav And it was ultimately perceived that the 
mutual affinities of groups were best expressed 
by arranging them in a sort of claasihcatory 
tree. 

Whv classification should assume a tree-like 
form wa» not fully realised till 1858. when 
l)arwin and Wallace brought forward their 
theory of Evolution, the ** Origin of Species ” of 
the former apfie&rtng the following year The 
idea of evolution -of the origin, that is to say. 
of existing specie* from pre-existing ones, as 
against the doctrine of the special erratum of 
each and all - was no new thing, and had at 
various times Imen brought forward from the 
day* of thr old Greek philosopher* downward* 
Suggestion* had even been made a* to the way 
in which it might possibly have come atiout. 
Hut it was reserved for Darwin and Wallace to 
marshal *o large an amount of evidence with such 
irresistiWe force that the fact of evolution i* now 
no longer seriously questioned hy competent 
Authorities At the *atno time theae two 
scientist* propounded an invaluable theory as to 
the mean* by which evolution ha* been effected . 

Tbs Influence of " Darwinism.’* 

Since lK5h ‘ Darwinism.' to use a widely 
current term, ha* revolutionised Biology, and 
exerted a |>rofoimd influence upon many other 
launches of learning. Among other things our 
^inception* of classification a* applied to 
organ.*m* ha\e l«een greatly modified. For if 
organism* are actually all of common descent, 
a new meaning attache* to «uch word* as affinities 
and rrlatumsktpis. formerly employed in a vague 
and indefinite wav. The clasaificatory tree is, 
in fai t, a genealogical one. and the more nearly it 
exp r e s ses direct and collateral blood -relation- 
ship* the more nearly does it approximate to 
what practically all modem biologist* believe to 
1* tin* truth. The larger branches of the 
rUssiftcatorv tree correspond to the larger 
group* of tlie organic kingdom and the smaller 
t tranches to the subordinate groups, while the 
final twig* may lie taken to correspond to species, 
and the leave* which these bear to individual 
plant* and animal*. 

M orph ology. Mvepktdagy (Greek, morpbe, 

form ; bps, a discourse) k* the second sub- 
division of Biology. Vegetable Morphology 
is concerned with the form *nd structure of 
plant*, while the sister department of Animal 
Morphology has to do with the form and 
structure of animal* And here a further 
subdivision «* passable. for we have Anatomy, 
which treats of the mote obvious facts of strut* 
ture, and Histology (Greek, link a texture ; 
bSgto), which brags the mi c r o scope to bear upon 



nutcr anatomical details. Morphologist* are 
r content with merely observing and recording 
4 . tl *. but in all cases attempt to find out t chy 
., m g* are as they are. To many such questions 
enable answers have already been found, as 
ltr nhall soon see; but there are innumerable 
..inblems which still await solution. 

Physiology. The third division of Biology 
that of Physuilogy (Greek, phnsta, nature ; 

; f.M, a discourse). Here a distinction is drawn 
U tween Vegetable and Animal Phvwiology. 
which deal respectively with the uses or functions 
<>f the various parts of plants and animals. While 
the morphologist is primarily concerned with 
the organic machine at rest, the physiologist 
-todies its actual working. Tt is, of course, 
sufficiently obvious that function cannot U* 
»t tidied without some knowledge of structure, 
while mere anatomy would prove very unin 
teresting and largely unintelligible if considered 
nliHolutely without reference to the use* of the 
jutrt* of the body. 

Development. Development, or Embry**- 
the fourth division <»l Biology, is concerned 
with the evolution of the individual, from it* 
tirst inception up to the adult condition, and is 
in reality the morphology and physiology of 
immature organism* or embryos 

Applied Biology. The fifth division. 
Apfditd iU*J‘*gy* has to do with the useful 
application of biological knowledge to human 
industries, and naturally falls into the two 
dcjuirtment* of AppUed Ikdany ami Apfdtrd 
l»oth of which are of fundamental mi 
portanee for Medicine and Agriculture Applied 
Botany, again, has a l tearing upon industries 
which an* nmo'rncd with the employment of 
icgetalile fibre* and wood* of \anouM kinds, 
while Applied Zoology is of primary value for 
the intelligent conduct and proper development 
of Fisheries, etc 

Distribution. The IHMributbm of plants 
and animals constitutes still another large branch 
of Biology, and one. too, which is of ah*orbmg 
interest. If we take either Plant Distribution 
or Animal Distribution, we shall find that it 
embrace* two closely- related subdivision*. « r 
fhstnbution in Space, or Geographical Ihstrtbu 
turn, and Ihstribution in Time. 

Geographical Distribution w concerned 
with fact* and theories as to the way in which 
existing plant* and animals are dtspf*rd with 
reference to the surface of the globe. The plant* 
of a given area constitute it* f ora. the animal* 
it* /a «an. and the nature of these assemblage* in 
a given ease does not altogether depend upon 
climate, a* commonly supposed. The marked 
peculiarities of the fauna and flora of Australia ; 
the fact that h o r se s and camels are indigenous 
only to the Old World, while armadillo** and 
humming- bird* are limited to the New ; the 
extraordinary character of many fishes inhabiting 
the abysm of the ocean ; these and many other 
matters of the greatest interest p r e se n t them- 
selves to the student of geographical distribution 
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Distribution in Time. TV »»l„t fr.m. 

work of the globe is largely made up u f Uwrx 
or strata. composed of rook* such u* samMim. 
date, and limestone, which once existed a* u 
mutation* of sand, mud. or the like, on th»* 
Htxir of the sea or of inland bodies of w*trt. *mt 
have since Wn consolidated and uphmvcd tv. 
make part of the drv land As 1 * fullv explained 
in the section on Geouxiy. it ha* Wn found 
]x»ssibte to arrange these strata m clu\>»io|«*gi« *1 
sequence. largely by appl teat ton of the *imple 
principle that when several such layer* re*t 
ii}Hm the other the undermost are iuVc*»*nh the 
oldest and the uppermost the youngest U«*k- 
»»f the kind commonly contain /»***(.«. » r the 
remains of organisms which formerly existed. or 
proof*. such tie footprint*. of the existence of 
such organisms We are thus enabled to a< <pm«« 
a large, though n«‘ce***nly imperfect. knowledge 
of the ancient flora* and fauna* of the glut** t«*r 
a |M*ru»d of many million war* t«oing l»sek in 
tune, we find that formerly existing |4ant* ami 
animals ta-conie less and lens like those which 
now exist. while shaking hroodlt they are of 
lower and lower kind The e\i<lcn<'e afforded 
by the “ record of the ns'ks * i* com lusive as to 
the fa<'t of e\ olut ion. and the gene*h»gie* r»f 
some grow |»* of organisms hs\e now U»en wotked 
out in considerate detail 

Higher Problem* of Biology. The 
seventh great sutoiix i*n»n of the suhp* t. Phtb* 
w*)*h ir or Thmtrltral Hn4*njy. ha* for it* pounce 
the consider at ion of the higher pn*hlrin* which 
present themseUes to the stil<leiit of Biology, 
and the construction of theories by whuh the 
existing order of things rwmm intelligent ami 
intelligible explanation Ita data are dented 
from Botany and Zoology alike 

While either Botany or Zoology l* dm*»blc 
into all these *ut*>rdm»ic divisions, the latter 
suhjiri t merge* into studies of *t»ll higher kind. 
Among these may U* enumerated ,flaMrof«</ugy 
(Dree k. ««/Aro/s#f, man ; a discourse), 

dealing with mankind ; pnychdnqy (Dreek. 
f*surbr, x»ul or mind ; l**y<»s\. treating of mind ; 
ami Snci*ib>gy, which i* the study of human 
communities. The influence of the Theory of 
K volution ha* made itself Ml far lwy<*M.l rven 
these limits, and ha* largely modified our attitude 
toward* many oilier department* of learning, 
among which Language. History ami Theology 
may !*• included. 

VVe are now in a jsaitom to understand what 
is meant by Nati eal Hi*to*y, the subject of 
thi* course* It i* not so much a subdivision of 
Biology as a Isotopes) attitude The naturaltat 
studies plant* and animal* so far a* possible in 
their natural surrounding*, or in mien a iwsh 
fieation of these a* may be presented by a 
vivarium or an aquanum Although he rw»rt», 
when necessary, to the resource* of the laboratory 
or museum, hi* observations ami experiments 
are made by preference on organism* " at home/* 
He may collect plant* or animal* with mmm 
definite scientific end in view, but dors not 
accumulate dried flown, birds' egg*. hotter- 
flies, or sheds, merely for the sake of collecting, 
a* so many prison* do 
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The Aim of Natural History. Natural 

History mfin lit determining tli«- relation* 
nriMiiihfiK uni] thill surrounding* or 
Hfni therefore deal* with habita 
,md th* ir meaning Tin* m|ntih 1 names of 
(Cr.t k, A#»*. lif*-; a discourse) 

nt fUnlytf (<.r***k home ; lo*M), are often 

rt m,h,*J Natural History a* uh#*iI in this nense. 
l-.terv *|iern*« »h more or less well adapted to its 
environment, and the study »d admit at ions offers 
alt iiirlliieatilili held lor i^ntn at ion and ex|*Tl* 
rfiriit n»* *hu|j"-* o! leave*, 1 colour and 
Mtrut^urr* of flower*. fhr varied hues »-f nee t* 
aim! birds, tbe structure of a spider * or a 

tal i %tm# ; these, and thing* like the«*\ ail have 
Mime adaptation*! meaning And <*wr ciip'V 
men t of Nature i* vn*»K heightened if wt- net 
with understanding eye* 

A competent naturalist niii<*( |Kaht*t>* a m»rklfi|f 
knowledge nf t ImtMilieat n »l», or he will lie ill 
tif understanding the relation of v «r»(*ie 
grttti|«M of otgatttHm* to one another The butter 
cup. marsh mangold, eu! urn bine, larkspur, and 
lliotik • h«M*d, (or example. nr r eneb and all 
interesting plant*. I tit the interest i» increased 
when we know that th*-\ me nearly related, urn) 
that Ibr marked dd!en*f»«e* tietween them an- 
variations of a totimioti plan, brought alsuit by 
adaptation fit different *urr u tiding- \nd the 
aame remark may U* made of such an assemblage 
of animals an the rabbit, r«t, Mipnrrel, guinea jug. 
and |M»rt up*ne 

The naturalist must «l»o Is- more or leas of n 
morphologist and physiologist The flight of uii 
in ort i»r a lard. f»»r instance, eaimot U* projsrlv 
atndtod without a kti-»wl«dgc t*f lw *t li strut tun 
anti function. ami an acquaint Ain't* with l*»th i* 
equally necessary if hr Hair* to intelligently 
understand how a lit' rifle* llonm of their nee far. 
or how a pdeher plant raft hen its insert victim* 

Th« Study of Uft«hUfor)fft. Develop 
nieiit also largely tall* wtthm ftie purview 
of Natural History It »* true that the m em 
acopic delaiU t»f tlie prts*e**e<* w hereby a 
full grown plant i* cvuSutl from a microscopic 
germ* or a frt»g from a relatively small egg. are 
the snmol province of ?he UUtratory worker 
II it I lie naturatiMt can olwrrve tlie germination of 
tlw wnhI, and tin' gradual metamorphose* ttf the 
tadpole info tlie frog, or tlie caterpillar into 
tbe butterfly. It may lr mWv nwrte.1 that the 
study of aiirh “ life litalonr* ’* i* am«mg tlie nu**! 
f Marinating, if not lb' moat fascinating Imitch 
of the auhpvt. 


With Applied Biology, as snob, the natural, 
is not necessarily concerned. But should * 
desire to do work which is useful as well 
interesting, there is abundant seope for h 
energies. The name is legion of the insects at. 
lower plants which infest our cultivated crop* 
and sadly diminish the earnings of the farmer 
while our knowledge of them is very imperfect 
To study tbe habits, and carefully work out th* 
life histories of such forms is the first step 
towards combating their ravages. And work 
of the kind requires nothing but patience, eon 
joined with the power of accurate and careful 
olnrrv at ion. 

Mist work on Distribution is beyond the power** 
and op|M*rftirntie* of the average amateur 
naturalist. But the careful study of the flora 
or fauna of a district, or of a particular group of 
plant** or animals, may furnish valuable material 
for tlu* advancement of tins branch of biology. 
Much remains t*> l** known, for instance. of the 
distnbution of British land snails and land-slug*. 
(.ihm| |<x ai field work can still Is* done in Britain 
with regard to Distribution in Time, for the 
careful collection of fossil* from cliff* or quarries 
is calculated to advance our knowledge. But 
it is not enough to pick them up from heaps 
of rubbish The exact layer or stratum to 
uhi'h they Udotig must Is* carefully deter- 
mined. or energy will U* expended almost in vain. 

It may In- add id that the naturalist ought to 
know the broad outline* of Philosophical Biology, 
so far a* evolutionary principle* an* concerned. 
Allusion will elsewhere U* made to experiment* 
on heredity winch can U» earrud out by anyone 
of average intelligence 

It is hardly necessary to insist u|K»n the 
imjH>rtaiue of Natural lltutory as a branch of 
study which should form |»art of every education 
inspiring to U- termed “ liU-rnl ” ^o take an 
intcPigent tntcr«*t in the plant* and animal* 
which everywhere obtrude themselves upon our 
not lets i» to ponses* a }**reumal and inexhaustible 
mvurce of happme**, to say nothing of the 
practical value of trained |*owx*rs of observation 
and reasoning Ami such study goes far to 
satisfy the craving for the knowledge of ** how* " 
and “ why *' h»r kn«>wie<ige wake, which is* 
among the most deet4y mi|ilanUd inatim ta of 
the human mitwl. ft much to to* hoped 
that tlx* attemot whn h is i ow U ing made 
to introduce Natural Hist<»ry* — under the 
name *d “ Nature St iwlv ’’ —into school* will 
meet with p*rmaiH*ut sucv^Msami yield abundant 
fnnt 
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MAIN CONDITIONS GOVERNING BUILDING CONSTRUCTION 


Bv Pin ‘FES'*.. K 

AN intimate acquaintance mth the \nimu* 
** material" u*c,l in eons! met ion, their nature, 
propert ies, defects, and appearance, if* an 
es**«*nt nil qualification for any one who in the#*c 
days aspire* t<» la* connected with either the 
design or ereetion o f buildings. 

It is of great iinjMirtance to is* aide to dis- 
tinguish lirtween go<»d t indifferent and lwid 
qualities of the name material, and to realise 
that for eertam closweM of work the material?* 
used muHt l»e varied a<*cordtng t the governing 
condition* . and to feel nun*, in *|iccifying 
in iteriaU, that the qualities dcMcrdied are such 
«* can U* readily obtained. 

Sjasuil articles in this work deal with the 
nature and chemical and physical properties of 
the vanoiiH materials used in the building trade*, 
hut the student must negU*ct no opportunities of 
examining material* in list* in actual building, 
fiaymg where powuMr repeated visits to works 
in progress, and noting tne result of the use of 
certain materials. He should endeavour, also, to 
ascertain tl»e conditions determining the selection 
of material for a particular pur]*o«*e in a particular 
locality. 

Material* Rad Method*. It is true, in 
these days, that almost any material may Is* 
brought to almost any spot ; Imt the cost of 
conveyance and cartage may form a very heavv 
item in the value* of such good* when delivered 
Though the conditions regulating the use of 
materials give a wider scope in this respect than 
they did, lay, a hundred years ago, it is often 
important, where building with due regard to 
economy is to be observed, to be able to examine 
and select local materials, and to determine to 
what extent they may be relied upon. Beyond 
the mm utility, there is also, in many eases, a 
great pleasure and charm in the use of such 
materials ; a certain local character mav often 
he given to the appearance of a budding by 
thear adoption (i). 


K Hi ," ft Swim 

In dealing with the \uimu* tnvh». Hi* mat* 
rmU in ordinary u*e will U* rrfem'd ti* br**ti\. 
the HjKvial * harm t**rn*tu »» nece**ur\ l<*r a pnqa i 
*|**cdi< at ion will U‘ emphast***) , but f » »t uvrv 
complete account* of the mutermU, the 

"Indent should consult the «|*e< nil section on 
Miukiii.h and St hi » “ii hen 

Of no h***» »m|H*rt»lici* than a knowledge of 
t he material* in a prnfter a* (Jiiainfute e with the 
method* employed, of m? combining th< m a* to 
form integral part* of a building, and nl the 
<ofi»| 1 >t**d building it*ell Tin* iruphr* an 
ai quaint mice with the \arioiiH pfiHi***-* of irr\ 
many trade* ; though m* one • an * I to U* 
«*4»ll»e a completely eqtt|Uf**d wotkiusii m all. it in 
|aiaail>le to a* quire nui'li knowledge of th«'m a* 
to la* a Mr to difrlinguinh excellent arid moderate 
workmanship from indiflen tit and j**or «i»rk 
Such know ledge t* net*en*arv m order to deaigrt 
work that others ran cierutc, »»r to *uf*r«n»rnd 
the w«?rk of others, as well as til « arrying out 
the* work itself 

Changed Condition*. Tie » ondiUon* of 
to-day, in relation tobuihling as well asm many 
other din" turns, an* totally different from those 
m force in this and other « outline* for sneral 
centime*. during which the magnilu-ent < athe 
dral» and tie* vast monastic e»t* Midi men t* anil 
important public and private work* were erected. 

Throughout this firnod the workmen were 
asaoriatod in guilds. according to their trade* ; 
thev were instructed in their various handicraft*, 
and wf irked in aaso»*iatK»n with their felhm- 
craftsmen, moving often from phwe to place as 
work was completed, in considerable band*. The 
work was arranged fur by the master builder, 
and the drawing or design, from which even an 
important building was elected, was compara- 
tively simple and elementary. At this period, 
the style in which work wss executed, though 
it slowly changed and developed, wss at any one 
period fairly sharply defined, and, subject to the 
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effect of local conditions, was in genenl use 
throughout the country ; all the workmen were 
instructed in the manner of work at the time m 
vogue, but at the same time much scope was 
left for the eaercuw of originality by the indi- 
vidual workman. 

Variety In Detail. The result of this 
* vm tent is seen in the work of the mason 
and ear] sMi ter, and. in particular, in the carved 
enrichment* which were such an imjiortant 
feature in the scheme of inediieval eraftMniunHhip. 
In any portion of a great church or cathedral, 
erected at one and the same jienod. a general 
similarity of the style of the carved enrichment* 
will Is- otsw-rved ; 
but a rbwier cm r 
in in at i c»n will * 

gt'Oi'TsIl V reveal 

an aliiv »*t infinite 
variety tn the dv 
tails of the woik 
The idea* * »f eaeji 
individual e-rafts 
Hint) we re allowed 
full play, w ith t lit- 
res ult that tn a 
]ier(ectlv hartuo 
ti toils tiding 
there Is still n 
splendid variety 
m the minor pnrt* 
ami gr»-af i<itert-«f 
l» given to the 
detail 

'Hie eofldtfltifis 
of worm] life mid 
of work a re very 
different in our 
days Tlie fune 
lions of the de 
signer, or archi 
'ect. ami the 
actual construe 
:or. have Iwcome 
more completely 
se|Mkrated, and 
for many clauses 
of work entirely 
so Tliere is, 
moreover, at this 
]»rearnt tour no 
single style pre 
valent ami recognised as m general use in this 
country, One result of this i* that a workman, 
while engaged upm one structure, may hr 
required to rxrcutr a pwve of work tn the 
manner of one of the Gothic period*. and directly 
afterward* may be transferred to wvwk of • 
Re n a is sa nce character. 

Tkt Ntw C o ad ltioaa of Ctafttmao* 
•fete. It in not to hr expected that, under 
such conditiona, he can pom e as a complete know - 
ledge of the various details of all the style* tn 
which he may he called upon to work He 
depends, t h ere fo re, in these days, on foil and 
accurate details being supplied of all sock he is 
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called upon to execute; thebe u, ua rui< 
but little scope left for the workmen’ll indivi 
duality to display iteekl 

At the present day, too, to a large extent 
the custom, especially in London and other larg< 
towns, is for a group of workmen to be collected 
together for the execution of any building, for 
them to be dismissed as required, and for them 
to lie dispersed on completion of the work. The 
contractor, or his foreman, may keep in touch 
with a few of the men who have shown them- 
selves the most capable and trustworthy work- 
men, and in the builders* own shops good 
workmen are often retained for many years ; 
but there is nothing resembling the old guilds 

of craftsmen. The 
best workmen 
may still take a 

E ride in a good 
it of individual 
workmanship; but 
there ia rarely 
room for the cor 
porate pride in a 
splendid building, 
resulting from 
combined effort on 
the part of a great 
body of workmen, 
which must have 
been a notable ele- 
ment in building 
under the old con- 
d 1 1 i o n s w’ h i c h 
have now passed. 
The architect, as 
its designer, how - 
ever, a n d t b e 
builder who has 
organised and 
carried out the 
work, may take 
a legitimate pride 
in the result of 
their own 1 a hour, 
and of the work 
of others they 
have directed. 
The exigencies of 
modern condi- 
tions have con- 
centrated in one 
or two individuals 
tin- (unction* formerly cxerrord bv considerable 
Iwslte* of workmen. Efforts have been made to 
some extent to terive the old conditions of crafts- 
manship. and under favour* Me circumstance* 
they may, in a limited wray. be successful ; 
but there seem* no prospect of anything like a 
general return to any such condition* amongst 
the general body of workers. The whole spirit 
of the times ha* changed ; the intense desire 
for extreme rapuftty of work, stimulated often 
by the enormous values attached to sites, the 
general introduction of machinery into all 
departments of work, and the facility of 
transit both for individuals and merchandise, 
stem entirely to prohibit the iw-estahlishmcnt of 
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thk tax or Ttwaxu in »r ilium* o^mrenov 
a iixrrY xxAMrt.x. 



i i on* tli*t formerly waited naturally, otber- 

1 "Cm« exceptional and isolated effort. 

. herefore essential, nnder modem conditions, 

. > t hose who ue to direct the efforts and work 
; . , large or even a small body of workmen 
i ‘ themselves be exceptionally well equipped. 

The architect, if he is to be fully worthy of 
ui \ e% must be possessed of artistic powers 
t „ j facility in expressing his intentions ; but 
\ rnust, as the basis of his work, understand 
thoroughly the 

i- 1 Mire of the — 

materials he is 

? , use. and the v 

* a parities of the j 

workmen on 

whom he must 

eventually rely 

t. »r the execu- 

tt>n of his 

projects. The 

i onditions of 

present-day 

work require* 

that, for much 

<d In** work at 

i* i-*t. he should 

h'o'p himself 

in touch with 
>!l the mint 
m "h inachie ve- 
in* nts in the 
w <t y <»f eon - 
“Unction. In 

lliii-t . h<- 2 T,IK l*t RAHIl-1 I V H..M 


i m i n mi. ill 

<•»,<•. he 2 ™ K IX R'KIIIIV "l »"'UN 
ra.M U- prt- s, mum. U..MV. u- 

pared to deal 

With building* of various ela^er*. e\ell lll'Uljjh In- 

work in the main should 1** *'»mew hat •*}»« ' taile d 

The Builder’s General Knowledge. 

The builder cannot Ik- * xf**< ted. any m«»o 
than the architect, to Ik-coiic- an e\|«*rt 
craftsman in all trades ; but be mu-* base a 
general knowledge of them, and should l»- 
familiar with the cafwicitieH of work men m 
\ annus trade** and the amount of wur*. that 


• SUILDINQ 

may be properly expected of them. A* m the 
case of the architect, he may lie calk'd upon 
to execute buildings, varying grcatlv m tin- 
purpose for which they an* used, ami in th*- 
system of construction; hut he i* furmdn'd. 
as a rule, with detailed instruct ions in tin* i<»nn 
of drawings and specification. Tltc build*' 
should share with tlie architect the d«*uv b*t 
the production of a sound and w ell const rue t«-d 
building ; but from a business point of \ i> w 

it should b 
.. his just and 

reasonable * \ 
pcctation t" 
exec u t e k u> It 
w «>rk w it h a (ail 
profit to Inin 
sc if Though 
these interest •< 

11MV t*» some i \ 

tent < lash. be* 
etbuls “!»• e’ l 
In- dtre< te«l t » 
M-ruti n a In - 
pr«*tif - la l.oi 

in i u a w* < no tit 
and '•njs r * « -Mti 
i it In j than la 
!h« iht r » win* 

1 i> ■ 1 1 >-l ml* ti"f 
in it* 1 1 d . 1 If 

• niphu rn* t» f ”1 
i It d 1 J 1 • f » U ’ 

s Mnuthi*’ tit* !• tiiiti nil w .*t k mundiip. 
in 111 l«i*M» t I v i.** ot ati\ **tb« t Utl 

sv ath\ m< <uh 

••Builder” and ••Contractor.” Th* 


••Builder” and “Contractor.” Th* 

trim bud b I i» * \'f\ aid* ■ 'to 1 * 

m?i\ In' appb«sl t • • t h* m tii w h" *f* t* ' mall 

suburb, m linns - ,»» ,i JW - uiat t< Ms * 1 1 b 1 t >» 

b w lit a tim«- *r siifni line'** wh>b vir***** *'f 
tht-ni and t«» tin in m *ib > * r« • t* wrl, und* r 
I**nfra*t, ofn-u *d all UlMi'ia "* ' duabb 

< ioriv-tri Th* < it* uni • t am « ** \ t rriing tb*- 

two ilas*** <d w *rk am «-n*tr»U «bJl*r«iO, *ou' 
Iw-t w ***u th*-s» ♦ xt r« m»*s tie r* .»?< tn »Ti\ m’» r 
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merit*!*' grade* The sulmrban house roust lr* 
completed to sell ttr U*t within * certain sum, it 
It in to have any rhatvr* of competing in the 
m*rk**t irith its romprttb*r* For the **rne 
reason it must fie iim«hrd m a style t«* attract 
those inokmn out lift this e la*r «>/ house Tlr 
drama and sanitary fitting* mint tr sound 
enough t« |mum what an* usually *trut and some 
what severe test* There i* originally a 

fairly atiff ground rent. which the twulder desire* 
usually u» ' improve, awl l hr- margin Ml for 
th* actual »t rurtur*- i» often small I r»«lrr thra* 
oinditmtn, l«rtrk* awl tu»l«*r of inferior epiablte* 
arc often employed, and the* work * ut down to 
it* lowest limit* ; hut rvi-n in nurh nw* a 
fairly sound structure limy U* U*d by n 
ran t hit* man 

llie builder who execute* contract w**lk, often 
styled also a rout rie to? , work* under ehllcrrnt 
rt md It ion* I 'file*** hi* pnec i* vcfv < lowly cut. 
It should allow of a sound Muii'titr^ Isong erretc I 
with a fair margin of profit Sm h a building t* 
alao usually « arrwd out under th** direct *uj>er 
vision of an an Infect \ Mildly there i* also 11 
i lerk of woik*. w h* e* 1 sfiecial duty it i* to k**a- p 
a watc hful r ye on th»* material* and workman 
ship employed Buildings e*rre*lcd under such 
condition* should I*- thomughlv sound and well 
constructed 

Co*t of Structure!. Them*! of structure* 
for which the U**t material* and workmanship 
are provided will tifs'c«*w*rily I** high, hut *u« h 
a htiihliltg may la* eX|*M'ted to prove im onontieal 
Kveti with the U|**e of a eou*lderahle numU*r 
of war* little repair should !*»• iHH-ouwry. if 
careful attention t* given to the construction, 
whereas ill cheaply constructed huilding* defect* 
very ipnckly *n»»w thcm*c( i e* Itut the 1***1 
material*, ultniwt without exception, are subject, 
when exposed to the various condition* of 
the weather. to gradual ilivuy, c**fsv tally in 
certain circiini*! niiu*« ; And alimmt every hutiding 
reunite* more or le**» watchful care to preserve 
it ill it* original |»rrfect state Some few 
Iwnhlmg*. it i* true, have l«<rn construe tew I 
no a* to defy the tooth of time, and hut for 
accident or vandalism would have Uen handl'd 
down to our dav almost perfect Such an* some 
of the best building* of the F«gyptian», the 
tircek*. and the Homan* In all such case* tin* 
cgeentitHial result i* due to the u*e of matenal* 
whK'ti m the climate* in which they were cm 
ployed prove to lie almoat mdeatructiUc. Kiu - 
e*am|4e. the granite of the Kgvptianm the marUe 
of tlie (In'eka )S|, ami the wuwIrHul concrete 
formcwl with Poriiioiana of the Homan* {t^. have 
umler favourable condition* remained to the 
preamt day in auch perfect preaervation that 
the very Uk4 mark* are atiU vuuhle. In our 
northern climate, with it* humidity and great 
variation* in temperature, including at time* 
prolonged fro*Uh cvm the aatne matenaim tub 

C ted to a different art of condition*, atrnhi not 
re had the name permanent character 

lafluMM of Cllmitt on Materials 

In other countnrw, where the coodiUona of 
budding wmre different, and where matenah of a 
14 « 


lea* jw-rmanent nature were employed, example* 
are afforded of the utter destruction that may 
follow neglect. The splendid palaces of the 
Assyrian* and tlialdeana, which in their day 
weri* fwrhafw harrilv h*t* magnificent in their 
eff«*vt than *<*inc «>f”the gn*at atructurea of the 
Homan*, were in the main built of tun-dried 
brH'k*. arrAngt^l in immensely thick wall* anti 
fai4*I. lsith internally and externally, with 

material* letter able' to wifh*tand the effectw of 
the weather Such a com(K»und structure, with 
an extremely th**tru«*tibh» core, and a com* 
parntivdy thin *kin of a more iiermanent 
character, may 1*' maintained m good n*{Mur hy 
unremitting attention ; hut when once this is 
withdrawn, the destruc tion is rapid, and thcM- 
griuit j»ai4UM*H an* marked m these day's by 
shajs'less mound* of earth from which, how - 
ever, the* c'lin* of the* explorcT lias extracted 
many of the scN-r«*ts of the original structun*. 

Th«**«* historic al c*xamph*s an- recalled liecniisc* 
they emphasise the gn*at intluc*nc.' climate has 
ii|s»n materials, and the* nec*c*ssity fora thormigh 
know ledge of this stibjec*t to the praetieal con- 
strue tor cd buildings Kven in our climate it 
might not Is* itn(s»Msiblc a to erect a lunlding that 
would defy the nttaek* of wc*athcr ; but it 
wouhl U* e» »st ly and could not Is* carried out 
on <i large scale Anyone who ha* charge of n 
considerable building, even though thoroughly 
we ll constructed of goes! but c ustomary materials, 
soon liecuuies awan* of the* many quarter* from 
which the* |s*rmaii**ric‘c* of the* struc tun* 1* liable* 
to attiuk Many, if not all, of our gn*at 
cathedral*. h*r e xample*, employ a small js*r- 
inatie*nt staff of workmen, who an* constantly 
engaged in the exaiuinatioii of the structun*. 
unde*r skilltMl sii|s*rv isiori, and in the n*j*n»r of 
the minor dedect* ami ile*eay that an* constantly 
showing tbe*mse*lv e»s. 

Situation and Soil. No ordinary build- 
ing. tbendorv. however well sclc-ctcd an* the 
materials originally emjdoyed. can U* truHtinl 
to stand for any lengthy |s*ri<iel without atten- 
tion. Hut the l a*ttcr they arc and the sounder 
the* construction, the less osfly will lie* the 
mcvilaUc work of maintenance anti n*|*air. 

It may U* jsnnted out ineideiitallv that the 
ve*ry usual *v>tem of leaae*h<4el tenun* has a 
e*ona»derftble intUmmx* on the claas of work <*om- 
nioiily exfH*ut<*d The fae*t that a building, after 
a certain Uj m* of yean*, averts to the ground 
landlord tends to prevent the cm* lion of 
at met urns calculated to last for all tunc It is 
held sufficient in many cases to put up such a 
structure as trill, with ordinary attention, last 
out the term of the lease 

TV* situation of a l*ud ding and the nature of 
the soil upon whfc*h it is erected, are further 
important ek*im*nts m determining its durability 
and stability, and have often an important 
in Horner on its exist. The ronsideratioiM 
aOectuig the locality of a building aw various, 
and aift*r with different d asses of buddings. 
For some few Iwiikiinp a site is wdected with 
great care, attention bring paid to the aajwet, 
the deration above thr sea, facility of aevos. 



in d *tmtUr matters, of the utmost importance in 
*»curing the health of thoee mho an* to make 
use of it. Such buildings usually belong to the 
rlass of hospitals, or asylums for the young or 
the aged, in mhich, mi thin certain limits the 
noc<*itity of obtaining the most healthy situation 
poaaibte* is paramount. The name is true a)*o 
of private residences of a very high class 

Considerations which Affect Lo- 
cality. But other consideration* regulate the 
locality of most buildings. As a rule, tn the 
east* of buildings erected for business purp4**ex, 
facility of access by road, or rail, or river i* u 
paraihount consideration ; in other case* the 
fact that a particular trade is limited to a 
certain district narrow* the choice 

In the ease of public buildings, they »nu*t 
generally lx* so situiited as to U* in the nciglilwuir 
hood of iui|H»rtant business centre* already 
created ; in the case of dwellings for the working 
and middle daase* they must, as a rule. I* 
within a certain distance of their daily work. 

In recent years, nvdem facilities of transit 
have had, and mill have to an mereaMng extent 
as th<*ne facilities develop, a remarkable influetu e 
on this question ; even for workmen of tie* 
IKMircst class it is Incoming increasingly j»os-»hlc 
to convey them hetwnen the site of tlicir dailv 
lalsiurs and their homes, which may Is* a dozen 
or a score of miles distant, rapidly and cheaply 
For the up|ier midtile class, rapid railway 
travelling and motors an* rendering district* 
Available for residential ptirf *>sc*. which a few 
years ago would have U*en held to !*■ much too 
far afield for those whose business or profession 
required daily attendance at a city office 

The locality may have* an important cfl* « t on 
the durability of a building ; a low lying di*i ru t, 
esfRvially if marshy or adjoining a large Indy 
of water, is |*articularlv liable to mist* and damp 
fogs Such a site may necessitate preliminary 
drainage iqs ration*. and s|s*eial pnvatit ion* in 
providing against damage from the rfTec ts of 
moist lire, w hich tend* to promote dtvav On 
the other hand, a site ex|ww*ed to continuous 
high winds in any sandy district i* liable to have 
any stone- work attacked ami slowly eaten am av 
bv the fine particles of sand carrud again*! it 
This ha* occurred <m parts of our Kastem coast* 
tiencrallv speaking. site* somewhat open to the 
access oi sunshine and drying winds are favour- 
able to the preservation of materials, as they are 
to the health of the inhabitant*. 

Factors which Affect the Cost. The 

locality and the actual site may, a* me have 
seen, very materially affect the coat of any 
structure to be erected upon it. Apart from 
the actual cost of dealing with difficult 
foundations, the facilities for access of materials, 
or the reverse, make a very serious difference 
in the cost of executing work. In almost all 
caars materials have to be brought for a longer 
or shorter distance to the site, and ft is not 
merely the actual distance, but the amount of 
handling goods require, that determines the cost. 

The loadingm to railway trucks or barges is a 
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somewhat costly proeww for good* of large tmlk 
and small value sand, Imvllsst, brick* ; awl 
if good* have to l** sulwequcnlh transferred 
I adore final) v unloading the omt m very rapidly 
increased Flic existence of a hill tteohNMtatuig 
the employment t »i a chain lions*, or in cities |fi r 
lieeesMfy for carrying out all soil frttmc veav atom* 
m Iwiakcta. u’mI often it* om\r vance to a distant 
*js»t Irion* it can U* dc|M«Mtcd. an* other 
example* of the manner iti which difficult ie*. and 
consequent h the < o*t of work, max U* etihali ed 
\ny attempt to arrive at the a* tun! weight of 
materials employed, in a budding o| even 
moderate Sire, will make it ea*V to te.dise how 
such quest t« »u* matenallv nth* t the * <»*t 

The nature of the u*tuil *»m! u|*»u whuh n 
budding 1* to Is’ f re, ted i * H til t'<t « f ♦ }m 
gn ite*t un |K»r1 anc* The m* th<d «*f dialing 
witli 4 i i tli* nil Mte* will U* dealt with in dm 
« ours’, but It i» desirable to O.iIpm, Ml fbt* 
prvluum.irv stage, that, while it i* | o -iMc t • * 
deal *.»tt*fat tonlx with the iti>»*-l difh* nil * on 
ilitlon*. O i- ill main < *i*c* a in ill* » of \*»\ 
great trouble, and, a* a < i*n*r«iuen< r, of tit • ft i*<d 
co»t Much Will dejHtid on t he < bat * * o f of the 
budding to !*• or*** f «•* I If. for example, o i* mi 
it'*elf lofty, and consequent 1\ plate* it ;'ti at lout! 
on the foundation* or. nm if of nednut*' 
height. if it i* intend**) for warehousing \«iy 
heuv v gi Mxj“, of for the tveeption of b ill 1 
mu* Inner y, *|>e* i.d precaution* Mind U taken to 
lllii't t h«**c eofeiit mu* 

Foundation*. 'Die )« *t foundation* nr* 
prn\ id**) b\' tiiatetial* that are pfrufudU ill 
< <*mpre**ibl« , 1 «»r whuh. if huM« to • orupo^^ioii. 
will vield mi if* *r ml \ 111*’ pntK ipal foundation* 
of tin* < la** nr** fo< k, liard gravel, atld hard 
i lay. certain o»h< r*. *ur h a* loose g»nv«l uh*l 
sand, are in th< rn * ! v *•* pra* t »< all > m< * impressible, 
but require If* Is ** * * * *nt'l»» d a* to prevent die 
|M>«*ibibty of literal fnov* m* lit 

MaliV other sod*. h a* ordinary *l«v. 
alluvial arul all kind* of rn wh irtoun*), 

ar»* bal*)e to « *>rn pre** ion >**rn« of tic rn «r** 
also ita!4e t** alteration m bulk, mvolving a»ni* 
tim*** expansion a* well as < ontroj tton. umfet 
varying Htnio*pberi* mfiuenee* * lav i# j*r»r 
ticulnrlv ltal»|e to such * hang***, and W dl lie 
nfler te*l t<* an appreciable extent by either a 
prolonged <)r<»ugfit <»r continuous heavv lamtali , 
t h is ef!e* t extending to a t onsi/h r able depth 
Iwdom tin* ourfiuc «if tfa* gr*»und, 

A difficult ' la,«i» f*f site to deal with »* one in 
whu h fwirt consists of compressible ami part of 
incompressible materials. Tin* not infrequently 
occur* in the netgh lx»iirh*xsi of London, where 
gravel and clay are met with 

Another <1 anger to he apprehended, tn the 
case of natural foundation* ahn-h * ontam tnur*h 
moisture, is the tssMiliiliiy that they may at some 
future time be draimd by o|s*ration» * arrnd on 
at a different level Tins brings alsrut the with 
drama) of water from the soil, with the result 
that the bulk of the moil mill lot contracted and 
mill 1 m followed mrviUMy by the sub** bine 
of the aupemtmrtafm. 
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Tht Stlictioa of a Stto. TV method* 

of dealing with theme difficulties will b described 
ti» the proj mr place, Ul we may point out 
here the importance that t* often attached to 
the character of a building mte. and the 
destrabtbty of ravefuJIy aelerting it when 
opportunity for dmng m> arises ; and, tn rear* 
where the site t* fixed l»y other considerations, 
ttir necessity of a very careful examination of it 
with a view to dealing with any difficult*** it 
may present. It is well, from the first, to 
emphasise the fact that in dealing with the atte 
and the mean* rri|inrrd to aafely rarry a Inn Id mg 
hi la* erected iiiem it, nothing that can tie done 
to counteract all chance* of future hi Jure ahould 
la* omitted 

It may well M* that where the nnnry that 
ran lie suent on a building ta limited, the pro 
vtaton of an adequate foundation on a difficult 
aite may involve a somewhat }>aiiifiil economy 
in dealing with the *u per* true tun* ; hut that i* 
on all ground* to i*r preferred, to erecting n 
•tnktng supers* met tire on an ill provided founda- 
tion. with the fMMwuhility of future diaaater 
involving aeriou* !•«* to tfie owner and damage 
to the repiitatnm of the eonatructor 

One thing i* quite certain that whatever may 
U‘ the coat i»f pro|M*rly preparing n aite in the 
first instance. it will prove immensely more 
Costly, ahould a |»arti«l failure siilmrqurntly 
incur, to deal with the *ite then *n a* lo ade- 
quately maintain (he budding 

Aftptcl. \ matt ei that should not l»* lout 
aight of in *c|«h ting a site and arranging for 
covering it with budding* i* that of ioq*r!. 
which in a**n»e case* i* of great imiHirtiuio' 

For all puf|»om'* for which it ta of iiiiportaix**' 
to secure a* tiniform a quality of light in* 
{m mm i Mr throughout the working day. an a*|io< t 
north, or, lietter at ill, aome few (M>inta east of 
north. 1a drstraMc Window* having auch an 
aspect will, at no time during an ordinary 
working day. r»s*etvc any aunahine, ami if aome 
what eaat of north will not do ao, even if work i* 
carried on late in the long aummer evening* 

In caara where tlie healthineaa of a building 
ta an important factor and thia include* all 
domeatic build mg* it ia dmursUc to secure nun 
ahmr at aome part of the day to all window*, 
except theme lighting room* winch it ia essential 
to keep cool, auch a* larder*. dairiea, and aimtlar 
room*, for all of which a northern aspect w 
|»referaMe. When* a aite ia roiwuderaMv larger 
in area than the taiddmg that ia to occupy it. there 
ahould. aa a rule, la* no great difficulty tn arctiring 
a suits Ur aspect for moat of tlie rooms, unless 
aome natural feat urea, or the fall of the ground, 
ahould create one Hut in confined at tea, auch 
aa are usually found m town*, especially in the 
caae of terrace house*. where the front room* are 
lighted from the street, and the hack room* 
from the hack portion of the aite itself, the com* 
fort of the houer will depend to a great extent 
on the relation of the aite to the adjoining street. 


The Best Streets to Llwe ia. Street* 
running north and aouth are better for living 
in than those running east and west. The 
former secure aunahine to both the front and 
back window* during aome portion of each 
day, while in the latter the windows facing 
aouth, whether at the back or front of the 
houac, will receive a large amount of aun- 
ahine. while the northerly windows will receive 
none 

Some of the consideration* that are likely to 
materially affect the operation* of the builder 
have been touched upon, but the subject is one 
that can hardly be exhaustively dealt .with, 
the circumstance* varying so greatly with 
individual ease*. But enough ha* been said to 
emphasise the importance of taking into con- 
sideration the effect that the site and its situation 
may have on the builder's operations. Where 
an architect i* employed, such matters come 
first under hi* consideration, and an* provided 
for by hi* disposition of the building, and by 
it* structural arrangement. But they are 
matters that will require the careful attention 
anil consideration of the builder in many 
circumstances 

Tk* Building Trad**. Future article* 
will deal with the various trades by which the 
work of the builder is carried out. These are 
diwdrd into two princijutl divisions — those 
relating to the carcase of the building, and those 
dealing with the finishing of the building. 

The first division logins with the work of the 
excavator who prr|utrc* the site and the founda- 
tion* and deal* with the drainage. He is fob 
lowed by the bricklayer ami mason, and at an 
early stage of the building the carpenter apis-ars 
ujsm the scene, ami the tiler or slater, with the 
help of the external plunder, covers in the 
building after the carpenter has completed the 
framing of the roof* 

When the building is covered in, the finishing 
work Iwgins. The trades which work on the 
finishings are those of the joiner- who. as a rule, 
provides doom and windows to close tin* various 
opriung* More proceeding to other internal 
work — the plasterer, the smith and ironmonger, 
the internal plumber, the painter, and the paper- 
hanger and giaxier. 

Tins order represent* the general sequence of 
a specification and roughly the order in which 
the trades are employed in most building*, but 
to a great extent the work of the different 
trades is intermixed, and the builder ha* to 
arrange for the work of one trade following on 
another in different part* of the same building 
without delay or tntermiaaion. 

In these day* a great many specially -manu- 
factured article* are employed in a building, 
many of them patented, and as far as poaaibke 
they will he dealt with in considering the trades 
within whose province it falls to supply and fix 
them. 


To be cimiimmmi 
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THE MASTER-BUILDERS OF OUR COMMERCE 

By \. J. WiMHi 


I N' nMrn linn* nn*n who hud d 

\%r«iltl\ as the result nf thmr trailing vm- 
tup-** wen* railed merchant prince* Tl»**ir 
ne*h rn MiccpMurn are commonly -t y 1***1 rapiam- 
of industry 

The distinction is nut without Mgnihc/ince. 
In it then* lurks a subtle indication «*f great 
change** which have taken place in the domain 
of commerce -changes which haw* had fat* 
reaehmg consequence*. But we cannot under 
stand these changes, nor can we apprehend th»* 
jwirt we an* to play m the business life of to day, 
unless un revert to the spring** of commercial 
intercourse at the dawn of m iliaation. 

The Beginning* of Commerce. Our 

remote ancestors were savage* who roamwl 
the forests in search of prey, or waged hem* 
warfare among themselves to nettle the claims 
of rival chieftains. It is difficult, perhajm 
impcMMilde. to fix the exact penod when they 
emerged from barbarism. I >mg before the 
Christian era, however* the Phoenician* made 
voyage* to Britain to di*|xw of their product*, 
* filing in exchange tin, lead, and skins. Their 
transaction* were effected without the aid of 
money ; there waa a direct exchange, that i* to 
aay, oi certain product* for others. This system 
of trading is termed barter, and it mark* the first 
of civilisation in a community. 

froolitptece of the SuLX-EprcATOR. 
Lord Leighton's picture, “ Phoenician* Trading 
with the Early Briton* on the Coast of Cornwall.” 
conveys a very clear idea of the wav in 
wh ich bn sines* between our forefathers and the 
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Phone MliH w.is pr*'b.»U\ i <itnhl< t»*d Vising 
t iii* pc t uiw «»* note e mi t )»*• l* fi hand *odr a gt < mp 
,,f bur Inured Briton* ( »i>«> of th* m I- hm on las 
•*b«»uld«*r It *h«*«'|>*»kiu, w bn b he * tid«*filly Wishes 
to barter for th** «pbnd»d p«'-'«‘ of * loth, d\»il die 
true shade of r<‘\al Tyrntli J *♦*» I»i* . »> whch ri»e 
Indies of i he group «p|**ar *o d«*epli >f»«« r* »t.*d 
Now ob«**rw* the group of Plocnc ».*n* on the 
right, 1 ‘^iM'i mil v the shrewd i\pr«*»Moti on the 
b,<#. of i he inefi haul who, with hand* uplifted, 
«wern* to deprecate with a sort * »f ^'**1 nutiirwl 
.istonishrneflt the notion that ste h « b*th « ould l*> 
had in evhange for a UgjMtU *hw|«*h»n. 
Xotne, tint, the vam** of metal < willingly dm- 
played ill the foreground We haw a fs-rfect 
conception, on eoniing away from this pt< fur*, 
of what cons tit ii tea barter in eonmiene 

Civilisation and Commerce. J'mii- 
»nti<m nrol r-inninnit' »r>- inwjn»ri»Mv linK«l 
together, and the <rti* « annot Wig exist 
without the other. Thu* law hold* good in all 
countries, and in all ages Jt was true of the 
Babylonian Empire it u» m> less true of the 
British Empire to day 

We m*y ilefine ri% ilinatioft a* a stale of human 
wicietv in which intellect supersede* UiAe force. 
From* this sourer flow* the triumph of jwac* 
over war* and directly men have learned in 
some measure to live pcaceaWy with their 
fellows, eiviliaatiofi ha* begun. In it* infancy, 
it will progress hut feebly. A* it reaches maturity, 
and ai ded by commerce, one of it* ® ( *l powerful 
auxiliaries, wr may expect it to advance with 
giant stride* 
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All tbw» applies with tmdimimfthrd force to the 
history rti our own rmmtry HV have seen that 
even prior to the landing of Julia* Cmr on our 
shore* in fift it r , t hi* mhahttanta possessed a 
ruth* form of civilisation It* progress wan 
doulititwi liy the frr<jiM*nl invasion* 

wam to whirl* flu* country wan subject, 
also by the tlHjmtu rub* of the Druid*. 
\Vbrf* the Komiru ram**. they overthrew tin* 
old civil tuition. ami it»»j***rd tbrir own in it* 
stead, and Britain Immr a Homan colony. 

How strung*’ it *c~m« that tin* haopcne I 
almost by oc«» |«*nt * Hornr* * foreign pm icy of 
that day wu* ron*crv »tiv*« rather than aggro* 
pnvn, and w but first attracted the Homan* to 
Britain wa* flu* d«*«uf** for jiearU rath«*r than 
ron'i'wsl Tin* |a'arU, though abundant, urn* 
inferior and « *f littb* worth, but the Homan 
legion* acquired for Ilnur master one fair jewel, 
and titat wa* tin* land of our*, ** the pnxuou* 
Moil*' net in tbr* *dirr *e<» 

Bttli of Our Merchant Law. Tin* 
influence of tin* Homan «* **ii|»attoii ti|*in our 
national lib* hu* proved mrflarcuMe It* state- 
beat ftuHiumrnt* d«> not constat in tin* famous 
military road* which tin* Homan* count rue 1**1, 
nor m the remain* « *f city wall* like tltoor of 
Dmdoti and St Mhtin*. not in any of these 
(lung*. 'Hiry con*t*t in the large numlrr of 
word* of |<atin origin which tin* Homan* added 
to our language. an I tri the itn|s»aing fabric 4 of 
Kovnan I^iw wlu*h they built up Although thin 
did not remain intac t, it* wulelunrr entered 
largely into alt our future code* Thu* the 
*•'* 4 tmn relating to trade custom* and require- 
ment* U'Ciltne til* 4 nil* leu* of the l,nw Merchant, 
or MrfttintxU 1 m h. wluwr ntoviHtoti* govern the 
tinnsai lion* of all classes of husinr** m<*n to day. 

'Hie Homan legion* retired finally frtim Britain 
m A. I* 4JU In a few year* the Salon* came, 
and were joined a Unit a century later by the 
Angle* t iraduaJl y these two nation* lerAtnr one, 
the pr*iple were called Anglo Salon*, and their 
emin try England In the early part of the ninth 
c'ontury the |>ane* t*>gan to raid the English 
coast l.ike the Anglo Saxon*, they ultimately 
obtained a aettlenient m liritam T*o cope with 
these freeUa»ter*, King Alfred built and cquipptxl 
a loon tier of war vessel*. and tbii* originate*] the 
Bnti«h Navv. the vt*il4c protector of our am* 
*ea commerce Alfred dual in the year HOI 
Because of hi* iintrne contribution to the 
welfare of hi* country, history ha* conferred 
ujwm him the *urname of " die Ureal,” and 
never waw a title better IrMotml. The incur- 
sion* of the lbvne* continued long after Alfred * 
death, but aortic time prcvmu* to the Norman 
Conquest the fuaion between the Anglo Saxon* 
and (he llama had Itecome wo complete that 
they were all regard'd aa <w united Anglo-Saxon 
peci|*bv 

Trtdt la Saxoo Eaflaad. TV record* 
of Saxon commerce are few and meagre, but 
one of the ala tu tew id King AtheUtan. wherein 
it waa decreed that the merchant who bad 
made three long wea voyage* should he cm* 
no hied, show* the ewteem in which persons 
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engaging in foreign trade were held. The Norman 
Conquest of 1066 deserves more than the fleeting 
notice we can give it. It* firat fruit* were evil. 
Cntold misery became the lot of already unhappy 
people, w ho found the harsh yoke of the existing 
Feudal System riveted more firmly than ever 
upon their necks. The development of commerce 
wa* arrested. But there i* another side to the 
picture. The auperior civilisation of the Normans 
was grafted cm to the English sleek. Saxons and 
Norman* coalesced, and finally there was pro- 
duced that " happy lireed of men " of which 
Shakespeare was to write. 

The national character was a harmonious 
Mending of the qualities peculiar to the several 
r»we* who hod formerly overrun the land. The 
Homan*, for example, foul inculcated respect for 
law and order. Among the Saxon*. ( liristianity 
had a**ert4xl it* benign influence, and fostered 
the love of justice and fair play. The thirst for 
maritime adventure sprang from the Panes, 
while the Norman* had transmitted a desire for 
the art* and refinement* of civ dotation. Them* 
type* wen* re pres lucid in the nation at large*. 

Royal Enemies of Commerce. We 

have now Iron'd the prmctpul element* of 
which the English nation i* compounded. Before 
passing from the twilight of the Middle Ages 
into the brorul daylight of our modem times, let 
us gore for a moment on the state of commerce 
tn the former period. Foi some time, the Jew* 
wen* the chief, though not the note trader*. They 
also engaged largely in the business of money- 
lending, at high rate* of interest Their wealth 
and extortionate practi<*e* made them object* of 
envy and hatnsl, and in the reign of Hichanl I. 
many of them wen* masaaend an<l their !" 
plnmlenxl. The Jews *uffend further j**n»e- 
ctUioti* in aiic«ss*ding n*ign*. ami Kd ward 1 , in 
1‘JHO. IxinidiiHl them fn»m England. Any Iwneflt 
wdiieli might hav*e act rue<l to the non-dew iah 
trader from this policy of exclusion was, however, 
more than countcrt»aMnc<d by the arbitrary 
intcrfen*nce of numan hs with the natural course 
of trade, rtnevoo* V»unh'n* and restriction* xtiv 
laid on imjvorterw and rxjKirters alike. Three 
instanei** w ill *uflit*e : 

I. All through the nugn* of Edward I., 
Edwranl II , and Kdwwrd 111 . gmd* for export 
could lie ao4d in certain place* only, sometime* 
hen», sometime* on the (Vmtinent. and these 
jilat'e* wvre constantly changed at the caprice 
of the king. 

*2. During the retgn of the first Edward a 
decree waa made, and remained in force for 
twenty-eight team, that foreign merchant* 
entering the country were to *ell their good* 
within forty day* of arrival, and were not to 
•lay longer except bv special licence. 

1 When Edwanl ill. engaged in naval warfare 
he issued pres* -warrants, under which merchant* 
ve sse l * were forcibly sewed wherever they were 
found, and added to the king's navy. 

Growing F r o a d o rn for tho More hoot 

Internal trade was chiefly carried on by means 
of fain. When the king wanted money, special 
fairs were proclaimed. One would he set up in 
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a certain district, and all the show and market* Synopsis of the Course. It t* intended 
within a greater or lesser radius would be that this courNe o( «iuilv rt'sl \aiue in 

deserted for the time being, while the trader* the tir*t place, to one who i* m the out«* t d ho 

would take their wares to this fair, when' they career, giving him * clear idea <.f »h« .>i»*n»ngs t«. 

were obliged to pay all sort* of taxes and mi rommemd Ide and helping loin to ipuihfx tot 
ix wit ions, for the benefit of king and noble*. steady advancement from the rank* Hut the 

Under the guise of tolls, they were also robbed course will apj^al t*» nu:i\ who have *'vr*d> 

on the w'ay thither hv the barons through win*** actpnrvd a g.*d knowledge **{ the rudiment* «f 

lands they had to pass. Sometimes a national ofh< -e work, and who need mdrmtton ot a 

fair was proclaimed, at which the**' exaction* advanced kind, »«t wh » wish to *i*h t«h«' tn 

w^re repeated on a larger scale. During it** coto some d.^rtment to wh > h their ta*t<* or talent* 

tinuance, not only shop* were elnaed, but all the incline them Of mu It a little patience 

local fairs throughout the kingdom. demanded when tie \ mu) that .,»rlv chapters 

In spite of all olwtacles, however, the gemu* of treat of the dot vet t .f tin- c.fh.e 1*>\ and jmnot 

the people for commercial enterprise U*gan to .Jerk, or explain the .lenient* of t**>kkceping . 

assert itself. and would not lie denied. The and ail student* are ad\t^d t* * \* \ omr famtlmt. 

growing fxm’er of the famous Hanseatic league , without h**-* of tun*, w»ih the *ov*UtUn <»f 

of wluch we shall learn won* hereafter; the romntetv ud U rni* and phr.w* whnh pn « rd» * 

d wo very of coal ; the invention of the mariner * thi* mtrodu* tor\ * huptet Then* util U aftule*, 

compass at the Ivegmnmg of the fnurt.'enth as the cmt*c dr\ dealing w <th murt -« omplex 

century : the emit ion of a native gold coinage , net omit* and with the vnn<<u* in»rt\itn<'Ui» of 

the use of <>f Exchange t<» which trader* had « nnitner* e 

leconu* accustomed under the tuition of Jew i*h ( \»n**d. ration <«f the tln<*r\ <nd pr.ote* o< 

and l<omluml merchants; the encouragement donhlecnttv <*f »elf h.tl.in< mg \« dg. r« .ud .vdptM 

given to Flemish weavers to set tie in the kingdom ; inent netount.. hdnn. < -I t* <»nd ptot»t and 

the nUilition in the law- courts of pleading* m a h»*s account* w»l! povtde mat* mil 1 ■<» du.lv <m 

foreign tongue -- these. together w ith many other the part of th«»*e who wi»h •-» no*'' t nedc-rn 

< n use*. com luma! to check the forces of ty rami v l»<*»k keeping The application •<! ihc« know 

and restraint, and gave a jxiwerful stimiilu* to lodge )*\ 'hfk* in repic*. Maim- hu-«nc** * on 
die spirit of commerce. c»*n»* will natuialiv Is* dealt wiH., and <1 o o* will 

U- full thiptcr* on import and • xj*-tt trod.* and 
A Mighty Edifice, It is not within our f onMJffl | 4 »„*, \r.ot her »r t„ h on the imp..: 

^•o|x* to continue our study of commercial tltl|lV c ,f l t | H . t i „,n gn e* v ..! ...» !« *ugg. *t » mi* 

lostory beyond this point. We have l-m J|K to p |M . 4 u{ r , ( that rfl d, lxh f f, % , tn fv 

prr*s**nt tn thought when the foundations of our M „j p nm , Y.mt .xx*n m-. w ill tmd th.it 

commercial prosperity were U mg laid, and (iut , {;%t | <4f ^ lltlfll u*tH of v.mng mm ao 

w.* can form some motion of the superb edifice # . Mlf#l4ft .,j h* ig. r <hrk*. oeinov, ,.nd *m*m< 

whe h has been rai*w-d u|*m it. Although we , in ,.„ Ut | ia j M l,tv lompame*. ami h.f 

cannot ignore entirely the work of master t he*.* < om pan \ .o < ount* w >ii t* «ar>folH to uted, 

huthiers <»f past generatums. our examination f||< . ,,f statutory to t i. tie ud l«M>k* .*« 

of the mighty HU|*THtrueture which has n-en rttl ,i i\ tr duties of • omp.iit v - ritanc* 

u|s>n their foundAtions will Is* eonfminl chiefly M>| f,, n p Tho*<» *eik»ng guidan**- in .c ount* 
to it* aspect in the pn^nt day. and to the prepared m a form pr»-»Mihed h> 

hiU^t methrxis and machinery employed m its ^ p J4Vf , Il((f u*--n negle* ted. and there wilt 

* nlargeim'nt and improvement. >(r . A < h.ipt# r for audit fh-k*. «iii<h** on 

One last remark on the older portion* of the the St.* k KxOu.nge, and a « hapter d aim g with 
**tnicturr is nrs'casary. however The Knghdi cmtidentcl Oerk*. 
were engaged alone u|*m it for a long time 

mud the death of Qu**cn Kliral- th in The CI«rK*a Proapect. Hut t!,e t* 

In that year, James VI. of Scotland liwame do not exl.aust the mtere*d of Hi,* *our*r* for 

dine** I. of Kngland. Tlie crown* and jwoples rc*t only will the student t*- informed of standard 

'•f the two countries were united, and thenddorth text lss>k*. hy mean* of whe h he m-»v ilo jen 

Kngbxh and Scottish fnerrhanta lalvourod *nle by hi* knowh*<lge, hut theSgi.r Ki*» • vT"h 'mum* 

*■’ lc u j*on the utately falwir of British commerce. ***rtnm«i having an imf**rt»nf Uuvring ,lf » »» 1- 
If merchant* are the master* huildr.m of cr>m* profeosiraial vxlucat i<»r», w hi. h he should varefuiix 

mcrrc, ire may affirm that clerk* are their ap- follow. 

f»crnt»oea and joumex*roen. Formerly, when on The clerk who ha* had * fair education, aimi 
apprentice had aerved hi* time and maatcrwl will take jwm* to improve it. whose integrity 

hi* . raft, he waa at vied a journeyman. To lit, the ami perseverance are undoubted, need pla ■e no 

•pprrntioe* of comroeme for joumevniAii * work lituil tohiacarwr tn commerce. Hi* aroint t< »n may 

— to teach the junior clerk, m othi^ wrofdm the carry him higher than clerkship. Hut »he impor* 

duiie* of hi* own grade and of all *uper»or grade* lance of uteady application must lie ms»*ted on 

of cierkahtn, and to tnatroct clerk* generally — i* The manager, or pnm if*al, who i* h*>kmg for • 

the taak which lie* before a*. It i* cmr baaineaw man to promote, will more readily w* ogn»*e the 

to hnng before oar mdan the rl^k’i great claim* of one who devote* *ome of bt**p*re turn 

{ >pportunitiM, and to help him. a a heat we mav, to *tudv. and whose frrogmi* »* pum tuate*! by 

to tnaiiae them. soeem in web examination* a* are ojien to him 

To he om/iwwerf 
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EXAMINATIONS FOR THE COMMERCIAL PROFESSIONS. 


lv*dj 

an 4 * 


7 im* and 
A^r iinrnU Y\%t * id 

Eta/mifaiiou* 


t» of Examination*. 


Alternative or Optional. 


ilMKttttl' 

I % »r > r rr i 
*fe* nil UIM 


.tnur and 

|M rtukf 


I • nd*m 
and 

I»r< cmltrr 


]y>|tl). >l» 

Jinn and 
I »* ' r 


In i ttHi. (rrammtr ami 

* Hutor), ( 

iiuftiii!y JtrlUilii. ) 
Armlnurtif Aifi*nra tlin hid j 
In* Vaadraticak Euclid, Hooka } 
I and U < 


*>fTr*i*nndrnrr. I'ilinfi and !r< 
driing U. uim-iiU, Ptv* U 
W rtftnfi «|> lU i*>r\*, 

!*i < iitiuiiM 

• lit) Antlim* • i* h<*'WWr*Mi|»ij; 
mini A<<oiinO. \fmanllh fa* 

• ifTmjMtTi.il »j. • l*r k i-eiurr at 
UtrlMn;% f l*f* Jt*r)i»K tllNUtra, 
l.rjK>rU, «!• Pt»*l* ^f.Mn fc - 

• ifuliirh >*1 A rlOilitrl |. )l>i..L 

it'l l A .i'Ulitt, M ri 
ji.nit Idm 


Two of thr*r<.ii»f> a Janjruafi ** ) , £1 1 0 

Utm.bMrk, lnmi.h,(j<mi«ii, , 

Italian, Spanish , with «aw> i 
tra natations, tfuealion* la 
Grammar, liitfher Math®- . 
malic* (Al#*iira, Irhfono- I 
mrtry. Euclid j, Phjrait* iM«* 
chamca, U rdroatatn-a, Pneu* 
lualli • ), Chemistry, Animal 
J*lit * minify, Klwtruit} ai»*l 
MajrneUatu, l.tfiht and ll»*at, 
n;, Miortliand *oni* 
a mtiiuiv> 

l 

* >ne of thea* Pdithai Kivitiotnt , jj ^ 
i imijait) law, Frotili. tier 
turt’i Italian, **jiani*n, < »r other 
apprm.d l») t tie 

1 '*U!C l) 


• Mir nf Ui««* fl * i -»mj*ahy law 
and A"ouut« la* ami 

r «l*t ii ik* to one *d 
!)»*•** Muflli Ipalitlea, Rail - 
***«, i aim)* att'i Imck*. t<M* 1 
and J.ttftillnfi, Waterworks, j 
hank* 1 tmur am r. Mining I 
li>Mj’itai» mi t mu'll, inr I 
man Haiian , '|«m»h or o»hn * 

Uin.n»>(ir approv'd t»jr tj,* 

* I Mill* il. 


|**TiTrr« or 
At>Tt IMA* 


l**TrTrT« .*r tf<»m 
‘ ltaaraat n 
tom ATt'rt 
im Eaui tM> 

AM* W At M , 

Preliminary 

lutrrmedtat * Ivixmiltul 
uj**n a fir 

I w hen 

j *rthd®4 


Y *r pendent 
«|*m afiT 
when 
articled 


I flint <M 
IHrininfitianv, 
Vt*m hr«t» « 
Nrtn**t I* 

1 | Ur 

.mi nr am) 
(asmilmr 

t>hdli)ii 
May and 
Notrutbri 


Mar 

>o«rMiln*r 


• •tir*a.h Ml* Mill) a« III \ • ; 
Plrtllinnair !*ut KlrlurtiSaM 
latin rr*j»nf|.«) t aod Kn III 

1 t » I \ 


n'ln i»!:» tlo a * In Xu 1 

hf(tiulti*r) 


iWatAkrrplhfi atrl AtH^ntbla (lit N>>nr 

* IwUufi Partnoraloj* ai»4 
Ktrculortltiji Aooounttl Am 
‘tUlrifi, Kifit.U and lMitlr* ««f 
lAquMiialor*, Truatrr*. ami 1 
Hnwltm 

•vamr a« JiitrritmUalr and in V,nr 
adilUnift Prliiolplva of Hank 
rnpto and Comjtait) La« and 
I Jk m PriiH iplra of MrirantUr 
la* and la* *.4 ArmtraUiai* 
ami A* aria 


ItrrrtTrTt or 

tlmtAa 


V* Hatikuifi Srt tKm 


Lirtvn ’ 

t'MAVMui or ; 

tM**aao«Lt : 


Uukdnn am) Knfiluh Gratuntar ami i\a»po*i 
TT\*»1artaJ Uon < (nr)udtafi Iland«rit4n«. j 
tVntr** 1 Hr tat a m, f*j*T)uifi Knw) ami 

Kv**U*ata , AaaliaUs Ar»thn**Ov Om)»d 
Maj aod Jaaa ln« M ratal AD hi rtk y, Ttfta, 

} ■ ) Mwim 5r»«*»k a MtaWro ! 

fteotc* eamp hOa« 

TnawUon, liwtaUott, Cna i 
p«r«A«» aod (Vaonaiko 
t nawirrlil tHK^Taphj aod 
HOAun , IkoMto a I HiUtkai 
{ *Kvon«jr. 


t.rmrntUjr a* In Ka 1 Prrlttttn u <Vf per 
mrj from two lo low anl»jcru Mtbjkvi. 
«ojr to tak«a ftooUeHM 
la akUUua 
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EXAMINATIONS FOR THE I.KAMNt; <x»MMKK(’IAl, I'HoFKSSjnSS 


f omitmttrti 


_ , u i. Tllltr AIiil 

.ndondn 


'*«*»*«'■ t* ><f Kvaumtat*"*** 


I IMMBKH *d 

t VMMKUt I. t 


I,. Mid* it aitd Knell «b l Hrr*t"fir It ‘ »tr ■S and 

IV"% tin in) I !‘t IM*« 

Indira mtimia.' 1 Aliena.:' * H*if" 

K't‘l»UlR» Ml • oliumt l« 1I»*' M 

MttV mid J not and *•* I W ,»•»'* • >< 

1“ *I»!n * K j >tt x 


Hu IdJtt . 

Mi'Ut -U *« 1 lit. tx 4 

*.0 Iwtt ftfut * <1* 

*. ri t t <*n <n- i\ **' «od l’i 
.I'ltOttl Ia« |v> do‘| 4 lH( *)•<! 
* * < Mil* ? Alt x < l»* I * 

l*» «« Hi* *•}. fU.Al.d I t 1« 


- »TTI‘*H 
t II U:T1 M I* 
A*'* >*i ntast* 
«;» s FI: At 
I \ IMIMM. 
lit* U.l». 


KMl»d*»iiv:K 

t . I jnyi • l ' #»»■ 
A ‘h rdero 
.llttl* Ultd 

In . «nv • t 


*ti»e ivntM 

H-* » '• 

liVnl i*ttl 


|ntrruif-d»a»* |»t k iH itd« M 
uj* <n ae* 
u lien 

* <1 


f dtnhunrh 

«.'an|T”* and 

K^w-rdct It 
.l»»«t< and 
I HfrlliW • 


In |H-odrnt Kdtiil*ui«K 

ojK-nae* i.nnr*.» sod 
»» ln'lt \ l<* ide» ii 

*tll • d Junr and 

In « t nd-er 


<' f.lu.t. i 
It'itf *;iu»d»«< »■ 


.*» i 

'St.' If Ml. ill 

*, •• .t "1 rtl i » 


- im -a 
A< < <1 M tNT' 
1M' 

\I 1'IT ».f 


I i if id* *i* 

\lan< i 

V, 

I III. 

All'l 

I*. •'»!.*" • 


l.'ld'H. 

\f .»»k t 

l.diti'^iruK 

!*uMin 
,*nd 
In t » nd- ' 


. ti !»' lA’I 1 1 -* 

i < < tmiiu' *l)d * ■» i ■ | " ■»** ' 1 

IIt»!w-x vah'' 

A * *<t » on i> dt.»(f • 

iti< I > r»< 1 1 ■ I u- .1 H • *fc * 

| «. if Din N» ‘ASltf’.A • * 

|f..n »i iitMt.A.. Ijdt’t I 
IIII Ii'jtlt I *»t II’ 

■ l.d tfu, *1 | I • ' •••AlK»l)»S 

|««it.k> * p't ; -n I A ’*t.f * 
>i» i n i « iii.*k< f< i»2 Km * 
:< ^ !'*<*■! o>* » « >f • 

idtij. ..I I I tif *>Nrv V 

.uti »* 1^»» f« UtiMfc* t' >’*rt 

T fc aj. > f \t Klirt* l:*e*i*' 

A , ( .J I »'.* ♦ - 1 |K,Mdxt<>. 


1 n»t*l'ill 
Mali' f 

1/ ' 

ImMih 
•I him ao I 
In < i i»<U i 


V« ,i, | n?« i m.* <ltai» -dii it.dt* 
ift. Wouitlil' I'S* I*" '■ 

V- Md att -K- »* 1 ' 

* ..u.j-ai.x **<d ha'.kntji*' t 
Ijm*. 


lut* rtuMluifi 


arid 

• t-Hlrr* 

K%« uttift t« 

April 

(tUSlll'Ni «inl 

♦ fittrr* 

K*« rdoe* hi 
April 

Ixfukm «inl 
hfirtwial 
i rntrea. 
Cirnlnp W* 
April 


lla- d- finite M. -fthai d 
»<< titan |W *• -kW*- pii»» 
»#♦ t |J» \fl* itM-'* < 


ArtJlii i*** r |V * >lt fc. • » Mi-» |*r . < i* 
AAt’ls.ie a VI «.l»rs« 

|j»f 


V. ut 


i i .titiurri I*; »** -v»*|dt> » r * til l» 

(uliidtii »nI< 

| > JA* t*f d 4 »»» £ 


£itf)i*h i itfitn^ff IrI 

%od‘*r«*rr»H»> l^prwrttilj* 
K« nf*+Htr% M »W« lati 
j fuatf*** Ii»f (tullitf; Mf'wiilal 

A« in |nlmri«lt*U ***** ***** 
m«rtud la* and AinmnUiR). 
wsl Hanking 


v j n nr*i 
*i,d l« t * 
i *f It 

**it j**’i 
ax»ftp*t 


T..|»« thr M.utrt.iUl.« I'**-*- ~*J£3 £ 2*SL' ££ 

QCa a tfaL tk. EuttUfMl&«r 4 a* * 4 I »•<•* *)*l * h * **W W* ••«*« 


r rapta a fn«i the Ptwlimiaan Euaeuu**^*^ •* ***** 

m trier <4 the LucaJ KuaaiMtPin* oaeltuAed ^ ani **# the ! HitertUK* The *»r»et ’ »»ijer»m»a W*ar U W«r*««w« 
thfMitaiae Pt the trntSmTTliKr <4 m! mim. and l*. |<*n**it*r Um- l *lr*rrtt} *4 minfef* ^ 


♦ Mm*mU mlrhiar ft tf Lr«dr« abn^d aaceetain If IUa»ittaU* 4 »a are »*r the O^rnWr i4i**mm*r** 

vm lothh 



DRESS 


SIMPLE COURSES IN THE MAKING OF ALL KINDS OF DRESS 

ICING 

DIHaMIO TO TEACH THE PRAOTIOE FOR MOMI AMD DUIINiaa WORKER! 


Plain Dreaamakmg 
Under clothing 
Children's Girthing 
Ladle* Clothing 


AND INCLUDING 

Tailoring for Men 
Tailoring for Women 
Tailoring for Children 
The Sewing Machine 

t ONDUC1KD AND ILLUSTRATED MV 


COMPETENT AUTHORITIES IN ALL 


Hats and Hat-making 
Millinery 
Shirt-making 
Waterproof-making 

DEPARTMENTS 


STITCHING AND ALL ITS VARIETIES ILLUSTRATED 

|t\ \r i li \ k Lkimh 


DKKmKK we « a»i reach the oriiaiiifTiiul fttag*'* 
of «Jrc*«mtikmg it max U- a* well l<» 
run nvpr the « 1 i tt«*r«' a n i *lttrhe* whuh g»« tn ImiiM 
l«)> lllAt TAH* t- « »Mt lit' *1 it \ PM i deaf to A W Off) tin ft 
hcArt a |N-rftM'tI v lilting gown. 

Basting or Yacking-out Stitch. Tin* 
At itch ift u»«d lor liking tlir piece* of limng and 
material tngrthei It i* worked upward*. 

%% till the needle filtuid li* if i/ontallx and 
|w tinting t ■ » tin* left 1 1 j 

Tacking. Tin* i* u*ed to f rtftt**n 
tin* Unlit'r* ftenm* titgrtlirr. and to murk 
fttraighl line*. mitre of UhIu't*. dart*, 
and fur (portion* til *ktft*. Mvuntig down 
a hem Indore fttitehmg. and. wlier- 
ever iicei^ary, to unitr- tun }M>rtioih 
It) keep thmn I n»rn dipping h‘(i»n* 
hindimg otT It ih made h y (maxing 
the needle and eottnn m and out of 
the material in « liorigiuii*! direction, 
taking ii|» a mihaII of inn term! and 

tMuwing over a larger pmct* 

Sometime* the Mtitche* may 

tie f Airly long, hut the n»*e 

of thf«Mr depend* on thr* por 
tioti tacked If there ift aiiv 
» tmm, a** in hodiee 
tin* frUtnlieA »h<*uld In* fairty 
clnar. like <H»Arfte running. 
aik) An imvaaiohaI lawk Mitch 
trill ore x nit any nitpiung 
Apart ItJ 

Falling. Felling i* tin* 
wunr All hemming. PUT|»t 
that the needle i» uuwrted a! 
thr top of thr fold itmtead of 
at tlr U«ttum It w tun) 
for uratcmng imiuk facing*, 
ole, (II 

Running. In tht» Mitch thr needle t» paad 
honnm tally m and out of 'thr material, tn the 
same way a» tacking, only much doer together 
and at equal dataiww Several ft ti tehee are 
done at once. 

Stitching. In Mitehmg thr needle i* alao 
uac*d horinwi tally to take up a ftmall piece of the 
material. The neat Mitch m of equal length, 
and mu»t he taken right hack to meet the stitch 
laat made. Karh atiteh ahouftd he taken over 


the Milne no roller of Htrand* of the material, ho 
t hut the fttit< h<*M are perfectly regular |4). 

Back-atitching. Thin i* HimiUr to *f itch- 
ing, only the needle ih put half- way hack to rwet 
the hint Htiteh, uifttead of right l wick to when* the 
me He waft taken out. It in, however, generally 
lined to mean running with an occaftiomil Htiteh 
half nay l*ack. it keep* the running or 
ta< kmg firmer 

Overcasting. Thin atiteh ih uned 
Hot only to iifittm the raw edgen of 
Hearn*. hut a!mo to prevent them from 
fraying after they have Urn cut away 
mill notched am in h IxkIicc. In the 
former, the fttitche* an* taken over the 
edge in a ftlanting direction, a little 
distance njmrt, tin* nenlle Iteing lined 
from left to right All the fttitche* must 
tie of equal Hire* ; hut am nome material* 
are much worm* than other* w ith reaped 
to their fraying e a pari tie*, judgment 
muHt lie exetvimxi a* to the 
depth the needle in inserted 
in the material The thread 
ahoukl not U» pulled too 
tightly, or it will ratine the 
nrani to drag and prevent it 
netting well {6}. 

Loop • at Itch. Loop 
HtiU h ih ah*» iund for mwteo- 
ing thi' neaiuft ; hut it in not 
quite an good ax overran ting, 
and munt U dour fairly 
hawly. ho an not to drag 
at the edge* The aamr 
•titeh ih uaed in working 
»tlk loop* for faiitenmg» over 
the harw of «ilk (6f 
SUp-atitching. Thm t» 
a fttitch uacd in drrwmaking to faatm down, 
in mu hit. foida. collar and cuff facing*, etc. It 
requirm care tn working, and the material 
ahould he held lightly but firmly, partieulariy 
tn the of velvet, as the Jjde would be 
much injured if held tightly. Turn down the 
fold— if a hem, and not already done — thread 
a fine needle with fine atk to match the 
material, alip it in m ae to take up only a 
thread or to of the material under the fold. 



• v 



draw out carefully, and in- 
sert the needle along the 
turned -up part, and just 
inside the edge of the fold, 
so that the stitch will not 
be seen ; draw out and 
again take up a thread of 
the material, and so on till 
the Item or facing is done. 
If worked carefully, no sign 
of stitching will be visible. 
The needle is passed from 
right to left (7|. 

Herring-boning. Tins 
is used to fasten down raw 
edges to make them set tint 
liefore p tting on facing**, 
etc., ana also in some thick 
materials to take the place 
of hemming. 

If used to fasten dow 
two pieces of material, it 
is not necessary that the 
stitches which come on the 
foci should lw earned 
through l»oth thicknesses 
of material. It is worked 
from left to right, the raw' 
edges towards the worker, 
each stitch being a little 
distance from the other so 
that they cross each other, 
as in the diagram. As this 
is only used for keeping 
down edges it need not Is* 
as closely done as in plain 
needlework, and the thread 
should not be pulled too 
tightly |8j. 

Faggoting. This stitch 
is now so much used for 
uniting strips of lace, ribbon. 
eu\.and in many and various 
a ays in the making of fancy 
yokes and cuffs for trans- 
form t blouses, that it must 
now be included in dress- 
making stitches. 

In diagram No. I we nee 
that in working the stitch 
the needle always points 
downwards, also that at the 
top of the opening the thread 
lies to the rigkt of the needle, 
at the bottom— illustrated 
**y * broken Ime— it ie to 
t h*Uft. 

This sketch gives crosw- 
rut bands as the medium, 
vhftch must be tut wed in 
wrnly to face and well 
iwuwl, and m the cam of 
•tit material they must be 
tacked at the etfcnea. The 
taekmg should he closely 
the bands wfli net 
out at shape (•]. 




6 loot* stitch. 
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Croaa-atltch. The* «* 
much tlw same as that uwd 
111 rmltfowir y. that 

it w larger, ami is worked 
With twist It u u«d to 
fasten the tight IwihI to llw 
lad we, also to mark ifiilir 
lauwl of ftkirt Tlw working 
can easily U* ween from tlw 
diagram. and each *»titch 
should Is* three si* teen lit* 
to a Unit a quarter of all 
uwh hmg luirgv 
stitch m used to ti* <*ti tight 
t*aud«. th«* slit* h, hoarser, 
»*n) \ tor nun*; «H»r Urge « oww 

thf* width ol lutnd, am) tlw 
« , « , ntre thread** are caught 
tog* t her N’o rtil 1 1 turn to 
k*-* p them firm Tlw nc*dlc 
in the upjicr and under 

thread* of laigc cross *fitth 
must «*a* h time U- | I 

under the I oftr of wlorl 
of the IwnIim to keep it 

lirtn { 10 

Fan*a9ltch. Th**»iihh 

l» IWh| to tit the h ilt!*, of 

fttrcU, firmly to the seam* 

of Ud ice Thread tlw 
ins'* lie wlu«h »*ho«itd U a 
strong one with the hu»i. 
pits* it under th< h»»H’ to 
tlw front, ond through the 
lutle mode in this, it* tie* 
t rilird later on in the three 
1 1 < * 11 * for Issliie Make a 
loilg stitch of twi»t in the 
icntre, bring the needle 
ogam to the lr<»nt through 
the same hole, then w«*rk 
another *tit«h to the right 
a little ahofter and lowet, 
bring the needle ogam lawk 
through th*- aalne lu*|e at 
Urttorn and work another to 
the right of that last marie, 
twit a little tower Make 
two Itioer oil the left of the 
same length, starting each 
from the same h<*h‘, tlwn 
tiring the needle lark to 
tlw front, |aw it. eye fore 
mo-t. through the *tib be* 
at tlw Ntcm 1 o hoM them 
in place, put needle through 
to undemsle. fasten off 
firmly, and cut off twist 
In some eases it u* as well 
to make seven instead of 
6%e stitches when fanning 
the bones { If J. 

Gatksrlog. This may 
be done m two ways ; either 
with the short running 
st tch. or by taking up a 
e mwlt pirn of material, and 

i#l 




MMi)| over • laifrr 
for gall 


The former t* used 
for gathering frilU, awl anythin# »hm the 
gathering must lie chair awl the latter 

whit* much fulne** » to l<r pot m a small space, 
aa ill tbr waat part cut lull skirts, and particularly 
at the witrr back, where 



Uk* greater part of the* 
fulncsw tmut is* arranged 
In th» Utt<*r form of 
gathering you take up. 
aay. one eighth of an 
iiv h of material and |ww 
over a quarter to half 
an inrb wnortlmg l<» re 

quirrmmU, the gather 
trig, of course, l#etng done 
cm the right mde »»f 
material In ordinary 
gathering the needle 
should la* held quite 
steady, and the material 
fulled mi to it For thin material#* a long needle 
la lieat, «o that a g**«l many stitche* may la* 
done at a time in order to get met tie- ground 
quickly. If two or more rows < »f gathering U- 
needed, car It stitch ttm*l !»• exactly even with 
the mie aU»\e j 12, flanging iaan<»th«r term for 
gathering 

Shirring, Tin* i* the 
term given to Mcvcrui 
parallel nm» of gathering, 
either plain or done ovei a 
fine piping coni 

French Htm, Thi* 

I* sometime* Mat'd to htmh 
of! the edges of rrossway 
tlouree#*. ami to make them 
aland out a ell To do 
this, fold ovet alwmt three 
quarter* of an inch from the edge on the right 
aide of the cross* a\ atrip (»»ee that tin** i* 
even and di*** not twist), then run along quite 
clow to the edge of the fold juM made >■*« 
turn III the extreme edge on the ur«mg wide a la *ut 
a quarter of an inch. and hem down to the ridge 
made by the running ; tin* will give a nice 
vmilrau hem mi the . ... . . 

wight aide, which 
should not be 
prenaed When 
rut t mg for such a 
frill nlxHit half an 
Mieh extra should lie 
allowed furl he turn- 
uig for hem I I3j 

Ho oh a and 
Kyat. The*? 
we firmer t( *rwn mi with loot* stitch, the tails 
tir bill* of the Imoks one eighth of an inch 
tnwde the edge of latdiee. wbd«t tlie heath of 
the eye* ahould be one -eighth of an me h brytwid 
the edge til Iwdne ( 14}. 

Loops and Eyolot Holts Tlww are 
wed for hook fattening*, when the material or 
making tt not tutted to eye* or liar*, at in Iran** 
parent or thin materials fancy yoke* and cuffs 
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unlined blow**, etc For looja. first make a bar 
of moor three thread* of twiat. according to the 
m «■ of the loop, and the material it it worked 
on. a* thin or transparent goo la require smaller 
loop* than, for instance, a woollen material, and 
of couiwe much depend* 
on the purjKtae* for which 
they are required. Make 
the bar a Unit a quarter 
of an inch m length, 
then work the thread* 
over with loop -stitch, 
working from left to 
right, and flawing the 
h»*ad or eye of the 
needle under the liar 
of thread*, so mm not to 
<at<h in the material. 
The at itches must 
necessarily lie quite 
ehiMely together { 15 j. 

F.\el#-t hole* are used in some cases instead 
of |<M q»* »»f ryrs In these the hole is made with 
a *t ilc? t« i, and worked round closely m over- 
tuning *tit<h. inserting the wedle alM>ut one* 
eighth **f an lie h in the material when doing ho. 
The hole should afterward* lie rounded by pnss- 
u»tf the |H»mt of the stiletto through from under- 
neath. just enough to ojien 
it. and no more If for 
lacing. U*op instead of over- 
< lot mg *tit cli. * losely 
will k**d, |s ls*st [ 16]. 


r»tt N» it M*:\1 
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Easing. Tin* i* a term 
mu* h u*4*d in iirv*Hsmaking, 
and one that is more 
frequently misunderstiKxi 
than any other It doe* 
nut mean puckering or 
gat luring, but just lulling the material ho 
that the one part shall set quite easily on 
tin- othei. Hither holding the jvtrt to lie 
ea*««si ovei the hand when doing it, or placing 
tho portion up|*Tino*.t. or toward* the worker, 
will give what is known us easing, in which 
no fulness should l*' discernible 

False Hem. 

This is a puns* of 
- double material 

' the same width as 

) the hem. stitched 
with this on the 
wrong side to 
form a w i a p 
for fastenings of 
unlincd IkxIkx h. 
etc., or anywhere 
where these arv better invisible. 

Mpi&S or Cording. This is now uaui 

mostly for ornamental purpose*. to timah off the 
edges of revrr*. cuff*, etc., and not, a* some 
years ago. for putting in the sleeves, or edging 
the Ivaaque* of bodice*. For single piping, cut 
a strip of material exactly on the cm**, about one 
inch wide, join all the seams evenly, prew* open, 
snipping the selvedge, or cutting off the edges 




of these; place the piping cord in the centre of 
the croasway atrip on the wn»ng sale. fold over 
the other half of the bias atrip, and tack or 
run along, quite close to the cord, pushing this 
up into the centre. For double piping, cut a 
cross wav piece about two inches iu width, fold 
over half an inch, place and run the cord in the 
fold, exactly as for single piping. Now fold the 
remainder of the width m half, place the cord in 
the centre of this, and with the thumb and 
fingers of both hands arrange it firmly in position 
above the first cord, lieing careful ’to keep the 
coni tight and not to let the erossuay strip 
twist. Then tack closely t » the coni. When 
sewing on piping, I** 
careful not to stretch 
or pucker the edge, 
and when finishing off, 
cut the coni (not the 
material), so that it 
shall lie just level with 
the end of whatever 
has Uh*ii ornamented 
in this way i 17} 

Button-hotel. 

For some time past 
button and button-hole 
15. loops. fastenings have not 

U*en so much in evi- 
dence a* the other, and more invisible, fastening* 
now in vogue. How to work a button-bole is, 
however, indispensable know bilge to a dress- 
rnakcr. or to anyone aspiring to sartorial attain- 
ment*. For the nn*|»ar*«tion of the front for the 
but ton-holes, sec Part III., when* the directions 
an* given in bod ice -making. 

In making button-holes, it is of great impor- 
tance that they should lie cut straight ; a flat 
rule with a straight edge ean U« employed m 
making the requisite line. If then* »s a senes, see 
that they are of equal distam'e apart, and all 
the same si/e. A taj»e measure can U* used for 
this. The first hut ton -hole should U* worked on 
the waist line. The edge 
of the button hole should 
be cut one-sixteenth of an 
inch away from the front 
fitting line, not from the 
edge of the hod tee ; the 
hole must be cut » quarter 
of an inch longer than the 
diameter of the button. The 
distance tietween the button 
holes is from three-quarters 
to one in *h, according to the 
size of the button. Fancy 
buttons arc placed half an 
inch apart. When the but- 
!«. KYKLKT noun. ton-hole i* marled. before 
cutting, stitch round the* 
mark to prevent the material and lining slipping 
apart. Then cut with button hole scissors and 
work one at a time. In the diagram the last 
stitch is separated from the others for the sake 
of clearness. 

Working tbs Button • bolt. Take a 
needleful of stlk twist. No. 12 for doth, 14 for 




material (this is medium twist) a Unit three- 
quarters to one yard long, with a No o-ff needle, 
t’se the twist double to liar the edge licfocc 
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working to make ibis firm Insert tin* needle 
U'lween the material and faring to bide the 
knot, bring it up uUiut on«*-cighth of an inch 
from the edge of the left s»d»* of the hole, 
carry the twist straight along, insert the nect||p 
in the matcrud. and bring it up again at the 
same pin.*-, making long stitche*. of a liar, 
round the tilgr, and so on, back to wUrc you 
commenced, keeping t lie* Uir slightly tight, 
ami taking care that it lies along the hole at 
equal distftii(*c from the <1 lge- 

Tlie button-hole is workdl with singb* twist. 
Insert the needle when working as finely as 
|K>x*thle to the bar, but lie tore pulling »t out. 
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twist the thn*nd over the |#oint of the needle 
to the right of worker, to form the purl, or ridgr 
at the edge of the hole The needle should then 
U* pulled out, the hand Unrig drawn upward and 
forward, setting the loop, or purl, exactly on 
the edge of the hole. When the eye is reached, 
tin* stitches should lie rather closer, and the 
purl well thrown up at that part. ItejieHt the 
iiriK*f*ss, stitch by stitch, until the hole is finished. 
Now- liar the bottom or end of the hole by 
fiaowing the needle wnnw the end three or four 
time*. To work the liar, the front of the Undo* 
is held with the eye of the button -hole towards 
the worker. Three or four loop stitches are now 
put over the liar to make the ends neat and 
firm. Having completed the liar, the needle is 
pawned through to the wrong nick*, and the thread 
fastened off with two or three invisible stitches. 
When finished, tack or sew th6 edges together 
in the middle and press on the wrong side ( tSj, 

How to Sow on Buttons without 
Shank*. This is a very important detail, and 
as the “ mere man M is very fond of reproaching 
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woman fur her ig noram* of tit# art of sewing on 
button*. it Mmiitm brr to pay attention to this 
paragraph. Button* *hould fi* sewn on loosely 
with Ntron# thread When doing m\ place the 
knot <if the thread outbid# til# material. uriflrr 
the Iiutt4in, or lrtn^*n the outsid# ami th# 
faring ; put t hr needle through the hot#, ami bring 
it down through th# oppwttr hole. liut before 
pulling tit# thread tight. place a bodkin through 
th# loop, ami continue lo work two or thr e more 
Mtrnml* wvw th# bodkin Before removing the 
bodkin, tiring up the nwjlt- to the »kI#» of tin* 
hut ton tightly, and tfuiekly tawt thr thread 
round the button Irituni it And the material 
to form a thread idiank Fasten off with two or 
thro# I mm k »titch#* under th«* hut ton 'Hu* toon** 

»^wmg on ami tl»# winding round thr thread* 
■■eallv increase th# durability of the work. 
t» * mh1cm Allowing for th# thii'kmwM of th# material 
Hutton* with shank* should also l># *#wn on 
.ooMcly with strong notion 

Hook and Bar Faatwninga. Tin* prepn 

'at ion in th# maiii# *u* foi hut ton holt**, a* d«'*cnlied 
fully tti th# ruAking of th# Uidicc Tank down 
turning of front a ijuarW of ad mdi from th# 
tilting hit#. leaving thro# ipinrtrrw of an imh 
for th# turn down 'Him should 1 m* tack'd and 
jgrr taod. Hiril serge th# taw **dg# to th# lining, 
and tack with whit# rot ton on th# right aid# of 
th* bodice 'nil* i* a guid# for putting on th# 
hook*, winch art' n#wn on with th# edge of 
th# hill just touching th# whit# rotton on th# 

I urn ‘down Th# l»»r* an* wwn on th# fitting 
tin# of th# l#ft *nt# of ImhIki*, th# eve* of the 
liar* I sung plac'd tow ant* th# »dge of th# 
Imriier, th# long #dg# of tt»# l»*r on th# lit ting 
till# Til# right aid# of t|»# Isslic# im fa«'«wl a* for 
hts»k*. th# )#ft Mid# th# maiii# a* for tuition* 

F ranch Swam. Also called mantua 
mak#r m scam Thi* i* mu#it n#at#r than over- 
casting for thin. untin#<i mat#riat*. aw wh#n 
the*# ar# of a vrrv " frwvey ” character th# 
latter i* not #nougti to keep th# raw #dg#M 
from rnv#lting l*lac# th# two #dg<*» to Is* M#&m#d 
bigether, and run along, on th# right nut#, 
about on# right h of an tiirh from th# edge. If 
th# matrriat Ir shghtiv un tti# cross. lie carrful 
ttiat th# thrrad t* neither Iik> slack nor too tight. 
Cut th# rav#tt#d #ih1m of th# j<Htin| |x»rtiou*. 
to prrvmit them Mtickmg out when th# «*#«m w 
dim#, turn ov#r. and crease to keep th# stttrhmg 
n#ar th# top, and #ith#r run or ma#htn# along 
tpntc elna# to tti# edge* whtrh liav# just lie#© 
turned over. H# very careful to keep thr* studies 
draw up to th# turned m tntg#s, or th#r# will b# 
a fold on rath **dr of thin, and th# seam will 
not la* straight. Also lw carrful not to pucker 
thr matrriat in th# iwcnnd running, for which 
reason th# beginner had better tack it along 
before doing an. 

Tuck lag. Thm ptayw a very varied and 
ab*o ornamental part in dreusmakmg A tuck 
may b# defined aa a fold of material, either run 
or machined at certain diatom** fnuu the edge 
Tuck* may vary from one sixteenth and one 
eighth of an inch (when they are generally 
designated pin tuck*) to one inch and mote 
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in width* and are employed in a variety of 
way* for ornamentation on bodice, sleeves 
and skirt. They are usually worked on the 
straight of th# material. When done by hand, 
fold over and r reuse the material for the first 
tuck, take a strip of card, cut a notch in 
It the width the tu#k is to t*, run along, keeping 
th# popit of the needle always even with the 
notch. If preferred, it can tie tacked before 
running For the next tuck, measure the space 
to lw* between the first and second, and make 
another notch ; this will give the place for the 
crease of the second tuck, which must lie the 
same as the first Ttie other tucks must be 
made in like manner. With regard to the spacing. 
*e** umiiM; Most of the tucking is 

now worked, however, by machine — with or with- 
out the aid of “ tu» her* 1 — and of hit# is generally 
don# by pleating tie* material to th# depth 
rrfjuireii for the tuck and then stitching through 
the three thick ti«***c* on the right swle, once, 
t vt ice. nr even more, as desired Thi« wav keeps 
the (tick «piit# Hat, and tiring* the stitching more 
in etideii##, which, if a contrasting colour b# 
ciuphiyint, make** a pretty finish. 

The Use of the Sewing-Machine. It 

will lie well for the amateur to practise a little on 
th# ms* tun#, either with hand or treadle, to see 
that die can work this smoothly and keep the 
M‘iim* even with the tack marks, as a slight 
ilevmtion m a s«*ain may make a considerable 
difference to th# set, and, of course, will make 
»t uneven 

When a 1 suit to machine stitch the seams, 
thread th# n«***dlr with the cotton n*tjuired, 
which will d«*| end on the material to Is* stitched. 
For Merge*. *oft woollen g»Kid». cashmen*. etc.. 
No 40 cotton for the shuttle, and No. f»0 for the 
needle For very thick woollen materials, No. 
40 should I s' ti*ed for U»th upjs‘r and under 
cotton*, whilst fi*r very thick, hard materials, 
or cloth, No 3o cotton Hhouhl U» umnl for l»oth 
shuttle and needle. 

Fine materials, am muslin, silk, etc., will 
mtuirv No .Kl for the shuttle and No. (Ml 
for th# needle. If ctiiourrd cotton lie used for 
colourwl gixMis. «*# that this is a shade darker 
than the material, as it always works in sont#' 
what h .hter, 

!Sc# that the tension is nght ls*fore starting ; 
if t<*> tiglit the thread will snap 

To machine -st itch th# s*am* of tie bodice, 
plan* the seam utwlemeath th • nr die, let down 
tlw* fcmU or i rvaser, and start the machine, 
guiding th# work with the band to keep it 
straight and steady. When the seam is done, 
loosen the top cotton a Irti# to prevent it 
dragging, and so breaking the needle, lift up the 
pres##:, remove the work from the machine, 
leaving a long end of cotton on both the work 
and the machine ; thread a needle with the end 
of that remaining on the wor*, and finish off 
with a few atitrhrw. There are many makes of 
machines on the market, but Singer's and 
Wheeler A Wilson s are too well known to 
ne *d recommendation. Of the Utter make. No. 9 
is the best for general dressmaking purposes. 


To fit oo*f»a«ed 
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CIVIL ENGINEERING AS A PROFESSION 


Hv PKOFKMSOK Hpary H<»IIIVhon 


THE profession of a Civil Engineer include* 
* all branches of engineering practice. anil in* 
vol \ es sufficient knowledge of them to enable tin* 
engimvr to bring to liear on any work la* 1ms to 
carrv out a skilful appreciation of the l***t known 
methods which may I** applied. To successfully 
comply with the»*‘ condition* require* a mind 
capable of acquiring and utilising a groat variety 
of technical experience, and the preparation for 
such a career in vol ve* the assimilation of then- 
retieal and practical knowbxlgc over a wide range 
of subjects, and the avoidance of *|tcciali*ing at 
too early a stage. 

A Civil Engineer** Training. Tlie 
training of a civil engtiu'er may Is* eomjiared 
to that required for a medical practitioner. who 
obtains his (justifying degree after a definite 
course of study anti practice in all that jiertairi* 
to medicine and surgery, although in his subse- 
quent career he may devote himself to a special 
subject : so civil engineer* are often identified 
with some particular Irranch of the profession. 

Although tire great English engineer* of the last 
century attained their eminence without such 
training, the conditions which engineers of the 
future have now to meet are widely different 
from theirs. In this country the training-schools 
have come into existence largely through private 
enterprise, and not through national aid. In 
Germany, America. Switzerland, and elsewhere 
the State has founded training-schools with the 
heat equipments, and the moat skilled teachers, 
the whole matter being dealt with as one of 


national i m | tort af tee. The result »* that English 
ex|M*rts meet in mmjK'titinfi Im-i tci -tntincd men 
from outside. Thin ha* liecn recognised, and i* 
licmg nunedied to hmiiic c a tell l . T<s> much 
emphasis cannot lie laid on the necessity for 
adopting a well considered system of training 
and enforcing »t. At the present tune the 
arrangement of the subjects that arc dealt with in 
many of our technical school* »* largely governed 
by the predilection* of one or more of the teaching 
staff If a youth ha* a definite career marked 
out for him, so that he know* that he will be 
associated with mechanical, electrical, mining, 
nhipbuilding, or other branches of work, his 
training admit* of variation and limitation to 
meet th»*, but the preparation for the profession 
of civil engineering require# u broader tssmis to 
admit of future developments in any rrouinxl 
direction. Much more could Is* done during 
the school iieriod to prepare for this. The pre- 
liminary education, which precede* what may 
lie termed the academic, or college, training/ 
admits of adaptation to meet the requirement# 
of modem life, and the heads of many of our 
great schools are recognising this. If a youth 
remain* at school until he is seventeen, he should 
have the foundations laid for some of his sub- 
sequent work. A part of his school-time could 
I* devoted to drawing, physics, chemistry, work- 
shop practice, mineralogy, and such subjects 
as would be useful in a general education 
even if the youth is not destined to follow 
engineering. 
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Futtctioik of th# Eofloacr. In nettling 
the course of trmimng «t the acidemir period, 
m dtaitnguiahed from the preliminary, or school, 
period, wo aim ehoold be to mmhk the stu- 
dent to obtain a dear graip of whet ben been 
arrived et theoretically end practically in the 
peat, wbflat potato* oot aUo the dtoctioci 
to lake for feint* dev el o pm e n t*. An intelligent 


j if heiwooghleta that the knowledge 
ha la aaatotlatog ie capable of ntlliaatoa. 

The function of the engineer hat been defined 
m w directing the great sources of power it* 
nature for the tar and ronvmimof of man.** 
To embrace all thin in the term Hvil Engineering 
involve* a carefully conaideml course of pre- 
paration lioth in theory and practice. How ran 
thin hr \#mt aecomiHtnned ? A technical college 
nhould lie arranged no an to Is* capable of giving 
the preliminary training. Isrth theoretical ami 
practical, and the training nliould lie tm , ah 
nroad a lm*i* an jsststMe to enable the student 
to adapt himself to the varying and unknown 
ronditicma of hi* future career. To ftfwvtaltnr bin 
instruction would In* likely t<» confine hi* sphere 
of action within such narrow limits that, union* hr 
can find the exact opening in which that special 
knowledge is required, his time would have U-eti 
practically wasted 

la WorKahop Practice Naccaaary ? 

It is held by many that the practical infor- 
mation to make a civil etigim'er tart only lx- 
obtained by )»assing some time in workshop* 
cither l«»forr or tluring the college training 
Tins view is liased on the assumption that it »* 
essential for a mil engineer to know »l*>ut 
workshop practice, and is the survixal of old 
tradition applying to the time when engineering 
was practically limited to iixm hnnical work 
*»om«* win* adt orate a year o i more in work 
sh«»|is liefotr the youth enter* tijw.n what ih 
termed the academic ihiuiw rontcml tliat l*y 
following tins plan hr can ascertain whether the 
engineering profession i* one winch lie desires to 
follow If (lie ci\il engineering profession 
could Is* judge) In such a course, the youth 
would jirfdsthly wonder whether his tunc could 
not la* U'tter employed than in devoting 
% atuahlr time to learning in the duqis where 
he is at work all the details of manufacture of 
some particular machine or apparatus that i* 
bring made therw Sir William Kamsay quite 
lately expressed a sitmUt opinion •* In mv 
opinion.” said he, "far to* much stress is laid 
nowadays on what is culled practical work To 
take my own subject. It i* |s»*ail»lr to have quite 
an intelligent ulea of chemistry without ever 
having handled a test tut** or touched a IwtUnce 
lavturr* on chemistry* may be well illustrated 
experimentally, and the necessary throne* 
demonstrated by the lecturer, Of oounr. that 
will never make a ehenust, twit we are not talking 
of making chemist*, we are discussing the heat 
way of giving education, and I maintain that to 
spend several hours a day in practical work it, 
if not waste of time, at hat a work of superero- 
gation." 

.An illustration of this may lie given in the case 
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of a civil e ngi ne e r, now at the head of the profes- 
sion. who started life under the conditions laid 
down — namely, of a year or more in workshop* 
before entering upon the academic period. After 
passing a few months in one workshop, doing the 
same work day after day, he succeeded by strong 
influence in getting a change to another shop, 
where be bad a similar experience. He en- 
deavoured to arrive at an understanding of some 
of the commercial conditions of manufacture 
which be was told would be useful, but failed to 
induce any of those in authority to afford him 
the information. He finally curtailed his work- 
shop period, and entered a technical college, 
afterwards becoming a pupil of a Civil Engineer. 

Value of Obeorrntion. If workshop 

practice is necessary in order to afford ex- 
I ** nonce in processes and machinery, why 
should it not be of greater importance that a 
youth who is intended for the (Nvil Engineering 

i irofcsMton should pass a jwriod of time during 
iis training on railways waterworks, docks 
harbour*, road-making, sewerage, sanitary and 
other work** of the kind? It is important to 
know the- properties and use', of materials em- 
ployed m the execution of works, whether in 
civil, nH*ehuinral. sanitary, or electrical engineer- 
ing ; but a youth will not learn this in a work- 
shop. and he may pass a valuable year of his life 
in a shop when* only *»ne or two sfiecial machines. 
orap{mratusof somes|**ctal kind. an* Ixingmode. 
If ail training colleges hod good workshops 
attached t<* them as is the ease in some— -a 
more varied and useful course could Is* followed in 
them than i«* jwwsihle m a factory where the youth 
has to sjH-nd his tine* in a particular shop for a 
prrusi determined, not by Iiim two need us a learner, 
hut hy the work that »*. going on at the time. 

School WorK. If the education of a 
< 'iv il Engineer could U* standardised, it would 
)*• jxMsjhh* for a pnqM-rlv-estahlisherl and 
equipjMMl college to enable a youth to acquire 
the theoretical and prmttcal instruction which 
will tit h im t«* tak** j»art in actual practice. 
Hiere are several technical schools which art* 
shaping their course with this rt im m view*, 
amf there is ur^ml need of the plan l*»ing 
earned *»ut on a scale o»nmnnMiratr with 
the un|>ortnnre of the xuhteet fr*»m a national 
standpoint The n«*eesmtv for adopting better 
methods of training than now exist in thin 
country i* recognised, and there is a consensus 
of opinion that other countries arc ahead of 
England in this matter, hut the solution of the 
proMctn has not revived that im partial con- 
sideration which it require*. Tire preliminary 
school work should be arranged so os U> preftarc 
a hoy for the advanced theoretical and practical 
coursr of a college, well equip tied with drawing 
office*. Ulairatortc*. workshops, lecture rooms, 
etc., to enaUe the training to 1** thorough and 
w-ide enough to include all that can lie taught 
in the school period and before the with enters 
an engineering office as a pupil assistant. 

A* this t ourv is intended for the student, 
it may be useful here to indicate briefly the 
nature of the works which are embraced in 



the practice of a Civil Engineer, in which there 
will be, for all time, openings for well-trained 
men in this country ana abroad. 

Railways. Selection of the route for rail- 
ways, light railways, tramways. Systems of 
traction ; studying the requirements of the dis- 
tricts to be served by them ; surveying and 
levelling the country to determine the best route 
for the lines ; ascertaining the geological and 
physical geographical conditions of the country ; 
noting the streams or rivers to be crossed, and 
the best way to bridge them. 

To select the best route involves a knowledge 
of the use of instruments in the held, and of what 
route will best ‘serve the commercial conditions 
of the case, with the best gradients, and the 
least cost involved in banks, cuttings, tunnels, 
viaducts, bridges. 

Arranging the route by contouring the country, 
so that the material removed from (*ut tings 
balances, as far as possible, that which is required 
for the embankments. Designing the works to 
prevent slips in the banks and cuttings. This 
requires close observation of the strata in which 
the work is carried out, so that no springs or 
surface water can collect and produce cither a 
slip or a settlement. Subways. Stations. The 
maintenance of the railway, its work*. jM*rnia- 
nent way, etc. A resident engineer must lx* eapn- 
ble of dealing with defects or failures which an***. 

Water Supply. Insjieetmg the district to 
determine the sources of supply available 
Ascertaining the rainfall on the watershed to lie 
utilised and gauging the river from winch water 
is to lie taken. The requirements of the com 
munity to lie served. Constant or intermittent 
supply. Pumping surface or underground w ater. 
Well sinking. Storing water in impounding 
reservoirs. Selection of site for such reservoir*. 
lk*signing and constructing earthwork, ma*onr\. 
or concrete dams. Calculating stresses Ser\ nr 
reservoirs. Quality of waters. Analyse* Hard 
and soft water. Softening hard water. Purifying 
polluted water by filtration or sterilization. Di* 
tribution in towns. Flow in pi|**s and euhert*. 

Sewerage and Sewage Diapoaal. 

Sewering a town on the combined or separate 
system. < ‘alculating gradients imd size* of sewer*. 
Construction of sewers. Materials to Is* used 
and method* of laying sewer* according to the 
sub-soil. Manholes. (.amp-hole*. Ventilation 
and Hushing. Admission of trade wa*U** to 
Hearers. Method* of di*]x>*al of sewage Dis- 
charging into the sea, rivers, or estuaries, River 
pollution. Tidal and other observation* neces- 
sary. Disposal of sewage on land Irrigation. 
Filtration. Suitable and unsuitable soil* for 
these purposes. Chemical precipitation. Sewage 
sludge. Bacterial treatment of sewage (Aerobic 
and anaerobic). Management of outfalls 

Surveying. Surveying and levelling. C*eof 
instruments in the field. The Theodolite, Level, 
Sextant. Box Sextant, Prismatic Compass. Cir- 
cumferentor, Transit, and Tacheotneter. Ik*ter- 
mining the meridian at a given place. Traverse 
surveying. Plotting survey* and sections. 
Drawing office practice. Underground survey- 
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ing for tunnelling. mining* etc. Hydraulic sur 
veying. Float observations to determine 
currents. Soundings at sea and in river* to 
prepare charts. Gauging rivers and stream*. 
Triangulation. Measurement of base line*. 
Curvature and refraction. Preliminary survey*. 
Plane table. Station pointer. Contouring. Set- 
ting out curves. 

Hydraulic Engineering. Docks, Har- 
bours. Sea walls. Groynes. River improve- 
ment. Training walls. Reclamation of land 
Weirs. Fascines. Dredging. Foreshore pro- 
tection. Erosion of coasts. Piling. Wharves 
Foundations. Underpinning. 

Roads. Main roads in town and country, 
leaving out the l>e*t routes. Construction. Foun- 
dations. Draining. Wood -paving. Asplmlte. 
Macadam. Stone setts. 

Power. Conner* at ion and distribution of 
power by steam, gas. water, compressed air, 
and electricity. 

Material* and Construction. Cement* 
Concrete. Proportion* and material* fm concrete 
for Miriou* purpose*. Brickwork. Foundation* 
lor building* and machines Iron and steel work. 
Framing Bridge* of wrought iron, steel, or 
tiniL’r. Calculating utirnwH l>c*igimig strue. 
lures in irmi, steel, concrete, tunlier. brickwork, 
etc. \ relies. 1’tilising combination* of « on 
crete w it h *ted and mm. 

Machinery. Steam engines. Boilers, Gas 
work*. Gas producer installation. Pumping 
engine*. Turbine*. Waterwheel*. Internal com- 
bustion engines Hydraulic engines. Vibrations. 

A* the ultimate ami of all young men who 
p|o|s>Hc to Iteeome C|\ll Ktigllieer* I* to L-come 
u*i*oeiat<*d with the Instit utioii of Civil Engineer*, 
the rub** bud down by that Issly should L' 
t onslderisl as Luring ou the course of education 
that ha* to L* followed by a student. The 
grade* of mcrnL*rnhip are di tided into three, 
narnelt. Meml**r*. Asmx’iate Meii»ls*rs, and 
Students, laid it is with tlie last, two that we 
are now concerned. The Institution holds 
s)s*em’ examinations for candidates for udrtii**ion 
a* Associate Mem tiers and Student*. Exemption 
is granted in the ease of students entering most 
engineering college* if the matriculatum exami- 
nation is passed. Exemption is also granted t< 
intending Associate Meml**rx if they have fmssed 
with Honours the Examination* held by a great 
many college* at the en<l of their course*. A 
tabulate! list of the subjects that tlu* Council of 
the Institution of Civil Engineers requin* intend- 
ing candidates to jmu»* lief on* admission is given 
at the end of this article. It includes one of 
the examinations that the Council will accept in 
lieu of entering for their own, and is one of many 
other well -recognised degrees that will also suffice. 

Examinations. With regard to his ad- 
mission as a student the Council stipulates that : 

1. Where the usual routine of pupilage is 
being, or has been, served under a cor 
porate member, the pupil may be proposed 
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mi a fftndntt at any time alter the com- 
m ence m e n t of m*h pupilage 
ft. Where a coane of training at any public 
m*t4tutH*i approved by the council in 
heme* or ha* been. purwucd under * 
teacher who t* a corporate member, the 
tatter may prow*** a pujwl for admuwton 
an a Mtudrot alter hr ha* begun a *re<jnd 
year id training at #uch tnutitutinn. 

3. A e<»rp<trate mem tier may |irof*wie for 
•fudmUhip an annuitant a ho ha* ta*<*n in 
hi* other or work* for a jicruat of not kw# 
than 3 yearn. 

The (Vmiuil hold* that the apeeia] education 
of a Civil Engineer should in «H raw* cover 
a period of two or three year* according to 
whether the f upil ha* gone through a college 
eotirne or not and tha f this period should in 
alt ea atm include a ro urxe of practiced training 
tn or upon engineering work* 


SURVEYING 

The term surveyor, when assoc o» ted with ih«* 
mibjeet of Civil Engineer mg, differ* f rum th< term 
a* understood by the "Surveyor** Institution,'’ 
the official definition of mio eying bv that l*<*dv 
l**mg “the art of determining the value of nil 
description* of Undid and house iirojwrty. and 
of the varton* interest* therein ; the practice of 
managing and dev eloping estates . ami the 
*c»eni*o of admeasuring and delineating tie* 
physical feat me* of thr earth, and of measuring 
and estimating artitiier*' work. 

Practical Knowledge of Initrumenta 

It i* intended in tin* mtnsfiit torv article, 
and m the *til*«cqurtit muise, to deal with all 
branches of the surveying profession with the 
exernt mn of (plant it v surveying and valuing, 
which are dealt with elsewhere The seojie of 
thi* course may I*' broadly summarised a* em- 
bracing Hailway. Marine (or hydraulic), Lind, 
ami Mining for underground) Surveying 

It i* ewNontm! for n young civil rngmivr t < > 
acquire a praetieal knowledge of the it*' t»f tin* 
varum* instrument*. atul (*f the several tield ope 
ration* connected with surveying. levelling. etc. 
Whatever hranch of tin* proh-xsion he follow*, 
he will lie call'd upon to do work involving tin* 
ktlow hdge. whether the work U' on the surhux' 
of. or tinder, the earth, or ntloal He should 
lir well grounded m practical for applied) mat he 
Ilia tn*. which will greatlv assist him lit the 
solufum of the proUetn* that »r»*e in extended 
trigonometrical survey*. involving the deter- 
mination of distance*, height*, etc. without 
actual mea*urvmrnt. In thi* work logarithmic 
taUe* are a great help 

In mm pic surveying operation* the (hunter* 
chain (of tHI ft or IffO link*) i* usually employed 
in thi* country Sometimew a 1M0*M chain i* 
wed Survey line* are tied together by mean* 
of chain angle* a* distinguished from mstru 
mental angle* The iswution* of the varton* 
point* adjoining the chain lute that require to 
hr taken and recorded m tlte field Ua»k. and to 
hr plotted on }taper nulunjumtlv, are «wrr 
tautixf by measurement* made with an “ otter t 
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staff/ 10 link# long, taken at right angles to 
the chain line. Setting out thane line#, by 
ranging them truly, t# enentid. The disUnoc 
that the oftecU can be taken accurately in 
limited, an the direction of the several ofteat 
length* at right angles to the chain line is 
determined by the eye. The arrangement of 
the link* to mike a chain survey of this descrip- 
tion require# skill, in order to complete the 
survey, and to include every' object, with the 
minimum number of chain lines. If the ground 
i* hilly ** douHe ranging ” must be resorted to. 

Level ling. When it i« necessary to take 
ofteet h of some distance from the chain line 
various form* of instruments can Is* employed. 
Mich a* the cron-. !*>x sextant, and optical 
Hqiiarr, which enable a right angle to he wet out 
with accuracy. In the event of the survey 
U mg currud out by angular measurements, 
the theodolite is the u*ual instrument em- 
ployed. For smaller works, and for filling in 
detail*, the prismatic compass is used. 

In the office it »** frequently necessary to make 
reduction* of plan* that have already been 
plotted t(« a Urge scale. These reduction# can 
I** done bv tin* incited of “ square*. " or more 
rapidly wifli the use of the eidograph and panta 
graph It i* al*o verv often required to take 
out the area* of various jsirtion* of a survey, 
and the instrument generally u*ed for this 
purf*»«' i* the pbtitimeter Siting out curve* 
with the chain alone, nr with the chain and 
theodolite, will I h* dc*rriUd m detail in the 
course Wle*n it Iwx-ornes necessary to deter- 
mine the relative portion* with regard to 
vertical height Irtwirn point* on a Survey, the 
levil i* used In ordei to I** abb' Y « » pint these 
point* (to make a *e«ti»n of the ground), it i* 
u*ual to chain U tween them, and take reading* 
with the level on a level staff at the several 
« b.nn the distance and n*admgs of 

luMght* U-mg elitenxl in a levt*l lamk to enabb k 
them to I** plotted to s«'ale on jwijier. 'Hie lev f i»l 
staff i* 14 ft long, gnuiuatisl to frx*t and tenth* 
of a f**>t In the event of it* i**ing necessary to 
as*x*rtam the level of the giound on tut her s»d«* 
of these line*, it i* necessary to take what »* 
known a* ert*** **s tu»ns The*t* are taken at 
jminl* where theie i* unv < on*»idei able variation 
ill level of the giound there, and at right angle* 
to, and on each *tdc of, the chain line In this 
t«»untry the ttnlnatice Ikqmrtment have estab 
IihIhsI Bench Mark* icalUxi It MV), and thtur 
valw‘# an* nx'orrbxl, the tigures reprewenluig the 
height of the point* aU»ve mean tale at Liver- 
j*h*I, which is the standard datum. 

Ordnaacw Survey. Starting (mm one of 
these known pimtu, the levels of any other 
|*nnt* may therefore l»e established with regard 
to thi* datum. Bv tayung down a datum hori- 
rontal line on tin* pajwr. rv presenting any 
iMmvemcnt height ateive the standard datum, 
and hv draw mg lines j**rpendicnlar to it at 
the various chain (aunt*, the relative level* of 
the vartoua points on the section may le jotted 
to and the line' joining these point* t# 

he actual surface vd the gnmnd. 



The Ordnance Survey greatly facilitates sur- 
veying work, and often the only field-work that 
is required connate in the filling in of details 
or alterations of lines, etc., that have keen carried 
out since the Ordnance Survey was last corrected. 
In caaes, however, where large surveys have to 
be carried out the theodolite is employed for 
triangulation by taking the angles between long 
lines, or by “ traversing,” which means taking 
the magnetic 44 bearings ” of the lines by the 
needle of the theodolite or prismatic compass. 

The beginning of all large surveys is by 
measuring a base line with a chain most accu- 
rately, the several chain lengths l»eing taken 
with the chain perfectly horizontal. A better 
way is to use bars for the measurement of these 
lines, and these must be compared at times 
with standard bars, in order to cheek their 
accuracy. From this l»asc lino will lie con 
stmeted a system of triangulation to endow* 
all objects necessary to complete the survey. In 
mountainous districts the sides of the triangle 
may be very considerable, as the theodolite 
readings ean be taken to stations many miles 
apart. All these base lines have to Is* nslueinl 
to sea-level, so that it is necessary to ascertain 
their relative levels. 

Stations for Small Surveys. The 

positions of stations for small surveys can Is* 
fixed by means of the theodolite and chain, 
and their vertical differences of height by means 
of the level. For extended surveys they have 
to lie determined by the taeheometcr and oinni 
meter. The aneroid Iwroineter can Is* employed 
for rapidly ascertaining differences in height, 
care lieing taken to note variations of Iwromctric 
pressure. The ordinary barometer can also Is* 
used by applying a formula to convert inches, or 
fractions of an inch, into feet. The hy|s»ometer 
is another instrument used to ascertain differ- 
ences in height by recording the boiling-point 
of water at the re#j#*ctive stations. In recent 
wars the taeheometcr has come into prominence, 
and by means of this instrument the vertical 
and horizontal distance* tn rough countries 
can l»e determined with great accuracy and 
rapidity 

A method of carrying out surveys that was 
largely employed in America, and is now utilised 
generally, is that of the Plane Table, by means 
of which the map is sketched in on the ground as 
the survey proceed*. For the mapping of new 
countries, and the surveying uf routes for rail 
ways, the surveyor must In* aide to locate his 
position by finding the latitude and longitude 
of the place. It will therefore be necessary for 
him to have a certain knowledge of elementary' 
astronomy. A knowledge of mensuration is 
also essential in order to lie able to compute 
areas and take out quantities. 

Mining and Marina Surveying. The 

chief differences in mining and land surveying 
ore in respect of that portion which hss to 
he accomplished below the earth's surface, in 
order to locate the direction of the various 
headings and tunnels. The ” Circumferentor f * or 
** Miller's Dial.” is largely used in this work. 


and the direction* of the various headings are 
ascertained by taking the “ magnetic bearings ” 
of the lines with the Miner s Dial, and by chaining 
their lengths, the lines being afterward* (dotted 
in the ordinary' wav. It will be explained how 
the “ variation ” of the magnetic needle has to 
bo taken into account to prevent the mistakes 
which have often happenctl in laying down new 
observations on an old survey without making 
due calculation for variation. 

Hydrographical, or marine, surveying has for 
its object the pre|>aration of plans and charts 
to indicate the position* of shoals and liars, 
either for navigating purpose* or for civil 
engineering operations. The surveying of fore- 
shores and men* by tin* Admiralty »s recorded on 
charts, the )H*itum of snliaqucon* ground living 
indicated m fathoms (or six feet units). Tlie 
civil engineer has, however, frequently to supple- 
ment the official charts by detailed olisorvatum# 
in some locality for K|n*eial purjKiwvt in eon 
nivtion with contemplated works He has to 
take float olisen alums to determitu* currents 
and the direction of tides for many purpose* in 
his practice. The Sextant and Station Pointer 
an* uwm! when the nlwcner is afloat, and the Then 
dolite when he »* on shore taking readings to 
stations afloat, either tix«*d buoys, drifting 
float*, or any assistant in a Isiat taking soundings 
by signal at the instant the |x>#itiori of the 
Ismt is fixed by the olmervations mode on shore 
This kmd of surxeyitig is constantly called into 
requisition in connection with hnrltoiir and dis k 
works, foreshore protection anti the erosion (or 
rcir.oi al of material) along coasts It iscssciittul 
to Is* familiar with it where sewage outfalls dis- 
charge into the s**n or titlul estuaries, so that 
full knowledge is obtained as to what will Ironin' 
of tile Sewage licfnrc public money IS *|»ent in 
so dis)sising of it 

Railway Surveying. This branch of 
survey work resolve* itself into two main features, 
that of the survey for the preliminary route and 
the final setting nut id the work. The mam 
features which govern the selection of the route 
are the grade# and flic curve*, and have to U« 
adapted to the general outline cd the locality 
through which the line ha# to pass. In Hc|««ctifig 
a route, tin* surveyor must endeavour to arrange 
so that the excavation and embankments as 
nearly a# jKWMtblr* equalise one another, to avoid 
having to “ run to *|#)il " surplus excavation 
The curves an* usually set out with the theodolite 
and chain or liy the chain alone. Many instru- 
ment* have been invented for setting out curves, 
e*j»ecially in flat country. (Voss-section* have 
to la* taken all along the centre line, so that the 
quantity of embankment or rutting can be 
calculated. Where the line is in tunnel it is 
usual to set the direction out on the surface of 
the ground and to sink shaft* on the line at 
various point* The pond ion of the station at 
the surface is then transferred to the bottom’ of 
the shaft, by means of a theodolite cm the 
surface, and then produced underground, the 
level of the line at each shaft being accurately 
calculated and plumbed. 


To be ttmlinvtd 
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SCHEDULE OF EXAMINATIONS FOR CIVIL ENGINEERS 

(For QtuiHkationi for Can d idataft, Me Tent) 


RttmHdagBudy, 
fltnka , T)au« 
aad Him 1 4 


*ut#)ed* <ti Examination* 


Alternative or Optional. 


i Fee* and 
i Age 
Limit*. 


m Civil 

Emm*****. 


9d.M40ct 
_ «*•* 


English. A ftutn) 
ofMMClMi* III Gwagmphy. and 

lHaralum 

iithlMtltS, Arithmetic. Algebra. Geo- 
ielrTfWttd I -IV.t TrigMmatry (up 
I to and tactodtog Uw «NUoi of totottoi ) 


Two ratyecta, to be aelected to the Candidate ! £1 1 0 
from the following ton : a language f» not 
C o n ran bor y , )«t la any cane not more than j 1R-2S 
m Umag* may be taken. j 

UitaTMt. rrmth. Otmaa. Italian, , 


MtUM| 

W 

tyne la Feb 


A**wial* 

Mt<w>ar 
LkiAk) 
Priuuury and 


coaannbory, l«t u» any cane not more umn 
one t anan a ga may be taken. j 

Alta. Frmeh, German, Italian* i 

nifftaiarr II Him n lit ^ 1 

nSaawtnry Kiim, Ldwtam hot, light, j 


fart L OmeraJ Enowtodga. <wi 

italMan minim t*tfO>rr Umir kw*«*lel|f* 
of tb* English languag* and their attain- 
ment* In arftrral know ledge hy w tiling an 
raaay of at* ait I, woo »onU ujwui not* of net 
tain art »«!<)* t* Fnatn w ho are . or » b» 
late lawn, Ht intent* >4 ttie Institution, <tf 
who prod in** auch quall&'ath’ti* a* «<rtild, 
uniter th* nlitiiti lUvulal^iDi rirmjit 
from I he examination apply mg to actinia 
kltiii of Htudrnt* are »«4 rejnlM l<i |nuw 
F art I of till* Examination 
Part II. Seienlirve Knowladjra. \pphe<j 
Vie. h*iit<* atrnigth and Elasticity of 
Material* 


a, at length and 


Eton imrtnry Phyrtaa, tndading hot, light, 

thaprin. 

rt2Jpwr2??2S3i, UmSSof chatS- 
eaTaAniiy, atomic wrighta, raJancy, and the 
cfcwtniatry of tb* principal tomato element* 

0 nomat rtoal and Fr— hand Drawing. in 

Hading pni)*ctlTe and descriptive geometry 
and pmiartlve. 

fart II. Satontlfte Knowlndgn. Theory £12 0 
of Htrueturea or Theory *4 Electricity and 
Magnetism | 21 and 

Two of the following nine anhjecu -not more i upward* 
than one from any group. 

Group I. (ifnlny Theory of II eat Engine*. 

Metallurgy 

Group II. Ilydraulica Theory of Machine*. 

Thermo- and Klrrtm-tT»einl»try . 

Group III. <»*o|ngy and Mineralogy. Sta- i 
Mlity and Henintaiu’t of Hhipa. Application* ; 

«d Kieetn.it> 

Malhamatkes. The Mainland r«*«iuircd for 
1'art M of the e vatu mat ion in that of the 
inatbemath al portion of the Examiuat ion 
for VdnitMion .f Htudent*. though ijucAtioii* 
max >h Mi in higher Mathematic* 


f MVKRMIV Ml U.1FH AllO\* MHH If ■»Ki l ILK K\ RMPTIoN FROM THE ABOVE KXA.MI S UTuN'S 
t KMiMm "A hiiM.N li H-. i Engineer ing t. limviv.HAN ll He (Engineering*, provided the Km 

C*«aait»ut II A iMrehanira! Hriem* trip.*). neertng Matriculation Examination In- passed on euU 


HT AwnicKW* ft He i Engineering l 
UtaauoW H nr l Engineering i 

anil It Hr iKnglneeting », 

Vutoma i unruMTi or Misiiii'ur, P «*. (with 
honours tn Engineering i 

Ij.Kieol II Rig . provided tl»r degree U .. I, tallied ».) 

I nasal ng the Examination* «»f ih» 1 iitimili 
l.ni'i H t a If ft honour* In Engine* ring > 


lilKKlHoHAN H H*’ (Engineering! . provided the Engl- 
neertng Matnruiation Examination In- jihamh! on tiller- 
ing uiN*n the oMinh .»f atudy 

In m lx li V I 

K '\»i 1 MUHMTi >» lnri *M- UK and M E. 

1 MilndTi or M Ait" |l h* i Engineering * ; jipnidtii 
Matin tna(l>« U jmumu*<! at Final Examination for the 
d»-gn ♦ 

Mi l. ill I xniK'iTi \1 'XTI' r 41 It He nn the Ih-part- 
luent .f iiul, ‘ Meehanieal." ‘ Eleetrieal, ” or 
■ Mining Engineering! provide*! tiiat *te<arraph> and 
either <itenif*tr> or l*ti>«ieN in' (gntited at the Matricu- 
lation Examinal i-»n 


SCHEDULE OF SURVEYORS’ INSTITUTION EXAMINATIONS 


Preliminary i 
taWHhai, iHildln, 
ManelMMter. 
ritaagow ■ 
January 
*llit*rniatl*h 
For Profe**!. mat 
Aaaoe-lateahlp t 

UrittUl, | 
Giaagoa.aml | 
lUtldln. | 
Marvh. 


•Final 

hw Fellow Mi Ip 
Uaelou. 
tflaagow . «mi 
iHildln 
Marvli 


Frihittwhtp 

bmdiw. 

Miaagv'w. ami 
tUthll* 
ilarch 


Element* of Algeltra, Km ltd ifir*t lht»-» 
h*A>i, Kngltah llul.m i oiii)».«iti,in and 
Muting from iHetatha. «»ne of •hr«. 
language* Iwtiti Fien. h or oetmau 

•Farm HutMlng*. Ian*d I drainage !**n.*|.<v 
and Hull*, <dirml*try. H» **k keeping, t*« of 
Uiiitl<H ami tenant. Mensuration, la* of 
Future*, lutaphlation* Ka*e*nent«, and 
IU|uniati Higiit*. Application and 1 ‘ar of 
' aluaUon Taidea. * iq.y h*»l.t*. Hratnage and 
Sanitation, surveying, hi riling, and Ele- 
ment* of 1'ligoO.anelry lull* of Ajuantltm*. 

1 .wtlntdlir amt M orilng I Hawing*, i ocn 
ami f*t'q*rrtle* .if Htone* ami 

1 rtwriiU 

•M*n», Agricultural Oimiiitre V aluatvm* 
ami law. Fiweatry. Tlmtarr Valuing am* 
Measuring, U*al TaiatUai, V aiuatnwi, law 
of lrWlr»U.a, EafTamiilarmeni .4 i\q»y 
h*M», A.i* ha Ownpulaory Purvhaar *4 
hvfwrtj law of Vendor* ami Purrhairr*. * 
Quantum*, t'orntmtiu amt M\aklng 
l Hawing* Uralnagr and HanitaUon. Iron 
and Timber Enh. SpeHftrwtawt* of Hut I- 1 
mg, Report 

•Same m Intermediate except ExAtiepig 
and Hnreeytng . with them addiUonai 
in their rtmerlln auldi ria x .ua ttnfran- 
e ha e twm t <4 I'uwfhiM*, A«H* fur tVunpui 
aun Nirlnw d Phprtb. Drnk yaaat of 
HuUdiwg KM ate*. ApwriReutk.ua of BuiM- 
inf, Iron and Timber Kwh, Report. 


I*UHio« Hu Ud iug AcU or Public Health Acl* c:t 3 n 
Two uf th<' following— Algehra, Animal f 
Ptiyakologi. iHkehpmetit of BuiMtng I (over 
Estate*. H)ttn*UUi* Principle* <4 Parte j 
chtal Amerament, Road Making. MccIuuihu I 
f law k4 F-uveet ! 


h»d.u Building Art* «w Puldhr Health and OS© 
h*al eminent Act* ,o«cr JM, A 

must hare 
prartAwd j 


1 iNrided Into l!tn* Aah-lNriakua. - 1 (M) Land Agency : 11. ttbcRy Valuathua ; III ChieRy BnOdhgr <t riirfy gaatiUa 



THE CHOICE OF A PROFESSION 


THREE cotroderatioos should guide the 
* choosing of » cursor — the taste and tern- 
wnment of the individual, the cost of pnpui- 
tfcm mud instruction, and the probable rewards. 
He first part of the Ssur-JSmxiAfoi con tains a 
tfthlo of shopkeeping careers ; the details which 
loBowwdl^depoaac psopiesndthsirpir^ik s 
In the ohoic s of n pfonHsion. 

pass a 



i fist sears 
a chaneced 
usually exacts a wenisn of 
front 100 to 500 guineas, part or au of which 
may be returned m salary. University graduates 
serve only three years in England, four years 
in Bcotland. An intermediate and final ex* 
animation must be passed. Most chartered 
accountants hi business make handsome incomes, 
often any where between £1,000 and £20,000, but 
qualified employees are not usually paid in pro- 
portion to the lees charged for their services. 
There are several other bodies of public ac- 
countants with different membership oualifi'*- 
tions. but without the prestige of the chartered 
accountant. 


16 to 18). He may go through the Militia 
for any branch of the service. The regiment 
chosen should depend on the fortune at command. 
The Household Troops are the most expensive, 
then the Cavalry and the Infantry, The Indian 
Staff Corps officer receives quite three times the 
nay of his brother offiopr p England, and can 
ttva aom forte My on hie salary .The West India 
Regimen t is • good one where economy is 

AtszC Lrrrrsh*. Usual indentured ams* 
tiosehip Is three years, premium at i to 1100. 
8mU Mbuy, lwghmtm •» «*. wamr, during 
appemtieeehip* Assistant kpqna^y begins at 
St. aweek.pl us commission qq^hnsinsaa he 
introduces TV> two principal e lasses of 
auctioneers are property auctioneers and agri* 
cultural auctioneers. The former demands the 
greater ability. The two are often combined 
A ready wit, a pleasant manner, and intimate 
knowledge of hts business are essentials to a 
successful auctioneer The profession is one 
where the right m%n makes mon*y rapidly. A 
modest start may be made on £200. An 
auctioneer's licence costs £10 annually, and 
full gold and silver plate license £5 1ft*. 


Architects nod Surveyors. A course 
of two years at an Architectural School in 
Ixmdon or the province* - average fees £40 
a year -is probably the best preliminary 
training, but a youth may enter the profession 
as articled pupil, improver, or assistant. A pupil 
is generally art iclrd for three or four years, or if 
he has had preliminary training, for two years ; 
usual fee 100 guineas, although 300 guineas is 
sometimes required. I*n»limmary examination 
of Royal Institute of British Architects is almcmt 
essential before apprenticeship. Three exami- 
nations are required before the title of Associate 
K.I.B.A. »s obtained. Fees for examination. £9U*. 
Improvers* salaries, about £ftO; junior assistants 
and draughtsmen, 30*. to £2 10*. p"r week s 
managing assistants, £3 3* to £T> 5*. Au archi- 
tect's principal remuneration is ft js»r rent on 
the value of works erected, or 10 per cent if 
buildings are small. Special charges are made 
for valuation. The salary of the architect to 
large trading companies dr local authorities is 
from £ft00 to £700 per annum ; assistant sur- 
veyor employed by local authority, £200 to £300. 
Average salary of a surveyor ranges from £500 
to £600. Home technical Civil Service com- 
petitions are open to men trained m architect*’ 
or surveyors* offices, with salaries ranging from 
£150 to £700. 

Army, Private means essential in this pro- 
fession, £70 to £80 minimum for the first few years, 
and £50 afterwards. This will cover expenses 
only and not permit extravagance. Boy should 
be at a public school where pupils are prepared 
for Army, or may be sent to an Army coach. 
For the Infantry and Chvalry. he usually p ass es 
through Sandhurst (limit of age, 19. with two 
eiammfttions). For Engineers or Artillery the 
eed^t is trained at Woolwich (age for admission. 


BanAoro. Hank clerks usually liegin as 
apprentice* after showing certain educational 
qualification*, and serve three or four years, 
r.H-eiving from £10 to £40 a year to begin. In 
large city bank*, director* nomination is usually 
neoesftarv. Some lumdon liank* take appren- 
tice* at £60 or even £80. Tlic work of the liank 
clerk i* bvum ng more and more systematised 
into mccluttiicid routine. l*romotion is usually 
by £ft or £10 a year, until the salary reaches 
from £2ft0 to £300. Cashier*, Account ants, and 
manager* get more Many Iwmk* forbid marriage 
unless ii|H>n an income of £150 to £200. The 
Banker*’ institute afford* opport unity of at inly- 
ing (tanking law and practice. Tlic chief rwom* 
mendation of the profession t* that, although 
the average remuneration i* modest, positions 
an- practically svun* for life, and |M*n*ions follow 
retirement. 

Chwmtsts. Apprent»c<-*hip of three to four 
years uith registered chemist and druggist, 
during or prior to which the preliminary examina 
tion should Is* passed, Some certificate* exempt. 
Minor examination of Pharmaceut cal Society 
(fee £10 10* ) gives the legal title ’* Chemist and 
Druggist ” ; a higher examination, the .Major 
(fee £ft ft*.), gives the title *' Hi arm aceutical 
(hcfnist.** and exempt* from juries. In Ireland 
the examinations of the I’harvnaorutical Biwioty 
of Ireland must fie taken. 

Analytic chemists graduate from universi- 
ties, technical schools, and pharmacies. The most 
useful degree is Fellowship of Institute of 
Chemistry, almost essential for appointments as 
public analysts, who are highly paid. Inde- 
pendently, a man may make his mark in special 
analyses, such as oils, fata, drags, etc., and be* 
come recognised expert. The B.Hc, (London) is 
valuable, fee £5, but Matriculation Examination 
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CfcoMfe. CmM Mm tor the Bstabliehad 
drank moat hold a UaHreceity <hgm or have 
jmeeed eerlcto oijmhrttoni daring mk h ow at 
one of tha Theological Colley* . An iner ea ein g 
number oC on are now ordained without 
university qualification. The total expense of a 
three year* cottne at a church college ( including 
hoard, tuition, and college charge*) ie usually 
£100 to £100 pew annum, hut KeU* College, 
Oxford, exact# only £*l a year. The expenses 
of a non-coUegiate atudent are, of course, less. 
At J>uUk| and Durham the course ia only 
two years Many living* are worth lea* than 
£00 a year, and a large proportion are under 
£100. Junior curate* cam from £00 to £140 a 
year, and aenior curate# up to £200. The 
average country living is worth £200 to £400. 
In the Army and Navy chaplaincies yield 
pension* on retirement 

In the Congregational tat Church the courac of 
■tudy ia usually live yearn, and atudent* con- 
tribute aUrnt £N0 a year towards their main- 
tenance during the course 

Student* for the Wesleyan ministry are 
selected by the circuit quarterly meeting and 
contirmed by Hvntwl They attend three years 
at a theological institute, and are expected to 
nay £50 to £70 a yaar. For poor students tho 
fee* are remitted 

Ttir training for the Haptmt ministry usually 
lasts four years, and students are expected to pay 
for their aupjiort and training if they can afford it 

The IVrebyferian ministry involves a training 
of three to five years. A !*nit entity Arts degm* 
is practically e**en tial as a preliminary qualifi- 
cation Kach year of the t lithological course is 
divided into three terms, and the terminal 
charge of £15 j»er term cm or* residence, U»ard 
anil tuition )ty sinning scholarship a atudent 
may work his say through a theological college 
without personal outlay 

Dentistry. Time years must l m paused 
in mechanical dentistry under a qualified 
practitioner, either in pm at* practice or ui a 
hospital Ihremiums for apprenticeship in private 
practice range from 50 to 150 guinea* At 
the London dental hospitals and college* the 
fofuiiosilftoa ftt of £100 include* three years' 
mechanical pupilage and two years' hospital 
practice and lecture* I Venial student* pass 
same preliminary examination a* medical 
student* and must register as dental student#. 
By making martian cal practice and study run 
concurrently the course of dentistry may be 
condensed into four yearn The degree of 
Licentiate m Dental Surgery is granted by Ex- 
amination Board of Ro»uJ College of Surgeons. 
The Scottish and Irish diploma# are cheaper 
and easier to obtain than the English degree. 
Various degrees are given by recognised dental 
hos pi tals and school*. 
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ImS 

rs-«-rt y « *!«■• ims ** 

rmj tnm M to C1W. Dutag *• fa* **» 
hm of training the hdrsota is dnUtf tor 
whatever variety of «g»aer Is in the mMktog 
The railway companies take tpftmttom nradhr 
for five years at a premium of from £16 to ££fi» 
and give small wages during tho tornuMany 
private firms demand premium# ox £900 for 
articled pupils. The wet course is to study 
for a year at a technical college near the works 
of a good engineering firm, afterwards becoming 
apprenticed and continuing study. The cost or 
this course is from £300 to £000, including 
premiums. The cost of training can often be 
reduced by scholarships. In the three main 
branches of engineering — civil, mechanical, and 
electrical — prospects are fairly good all over the 
world, and the expenses of technical training 
are much the same in each. The highest paid 
posts are in gold mining engineering, where 
salaries occasionally rise to £10,000 a year. 
The rank and file of the profession is usually 
recruited from " unpremiumed ” apprentices 
who, during their five years of service, earn 
from 2i Ga to 10* a week. Hard study and 
application often bring the prizes of the pro- 
fession within their grasp 


Insurance. Conditions and salaries at 
the hrgmmng are much the same as m banks. 
The post* for senior clerks art* not so numerous 
as in Ivinkmg. and tho maximum salary is not 
so high Then* an* however, many good 
jKisitions, such as inspectorships and branch 
managerships, to which a clerk with a capacity 
for pushing outside business may aspire. 
Branch managers make from £300 to £1,000, or 
even more A young man with mathematical 
ability may pass the examinations and become 
art actuary*, which will enable him to n*o more 
quickly in the life department. 


Journalism. Journalism, if it offers great 
reward* to those who suc<*ced in it, demands 
great mental vigilance and physical endurance. 
The prize* of journalism will go more and more 
in the future to those who begin at the bottom 
of the ladder. Shorthand, typewriting, a sound 
knowledge of history, literal ure, and grammar ; 
a working knowledge of French, with German if 
possible ; an intelligent appreciation of public 
affair*, with a special interest m. sav. European 
or American politics ; some practical knowledge 
of printing conditions ; observation, concentra- 
tion. lucidity in expression --alt these are factors 
in the making of the journalist. The boy should 
begin, for preference, in the reading room of a 
newspaper office, then becoming a junior reporter, 
either by apprenticeship or without it. As an 
apprentice he may be paid from 5s. to 10«. a week 
on a provincial paper, where training is easier to 
get than in London. Reporters may earn from 
£2 to £5 a week or even mote in the provinces, 
or from £3 to £8 in London. Every journalist 
should have sorae experience in sub-editing* 




hi kfr vmk viaolki dinppokM 

Law* The hgil pnWon It much over- 
ctoi dx L Ton of vtitini may be neorssiry 
before bumncas cornea, end the would-be barrister 
•hottld hove ouiUL TVew ore four lane of 
Coori — Uaoobi Inn. Middle Temple* Inner 
Temple end Grey's Inn. Preliminary examine- 
tkm ie necessary, but numerous unimtity 
qualification* entitle to exemption. Students 
must “attend twelve terms,” which means a 
minimum period of three years — they must 
eat a specified number of dinners. The fees 
paid in Graves Inn are the least expensive — on 
the student's admission, £39 13s. 64. ; and on his 
call to the bar, £89 2m. Ad. Additional charges 
are the dinners, coaching with a barrister— which 
is usual, but not compulsory — and the living 
expenses during the years of study. The law 
does not yield enormous incomes except to 
those at the top. The average legal income of 
qualified barristers is less than £50 a year. 

The youth who would be a solicitor must 
pass a preliminary entrance examination— -from 
which, however, certain university diplomas 
entitle to exemption. Apprenticeship is for five 
years, except for J/mdon University under- 
graduates, who serve four years, and graduates 
of London, Oxford, and Cambridge, who servo 
only three year*. Usual premiums for appren- 
ticeship £100 to £300, with stamp duty, £80. 
For intermediate and final examinations the 
fees are £3 and £5 respectively. An independent 
•tart as a solicitor should only lie attempted if 
there is capital or a secure small income at 
command. An ordinary country solicitor should 
earn from £500 to £800 a year. 

Msdlcins. Students must pass a pre- 
liminary examination, unless they hold Univer- 
sity certificates exempt mg them. The minimum 
length of study is five year*, and class, hospital, 
and examination fees reach £100 to £200. A 
student may, with economy and hard work, 
go through a medical course for £400 at some 
universities. Poor men should utilise the 
medical schools where bursaries are numerous. 
There are many congenial openings for the 
medical man. Medical officers on the chief 
ocean liners earn £120 to £150 a year ; 
resident prison and asylum doctors, £200 to 
£500 ; ana non-residents, £50 to £250, the latter 
being allowed private practice. Police surgeons 
are paid usually 5s. per man attended. Poor 
law medical officers receive £20 to £200. Medical 
officers of health average £400 to £500 for whole- 
tune officers. Other poets yielding regular 
incomes are thoee of consulting medical officers 
to insurance companies and government depart- 
ments, and medical inspectors of ships. Army 
surgeons hem at £200 per annum, and navy 
surgeons at £200. The largest incomes in private 
practice are earned by' specialists. 


mil Iff 

reach £21. Fires a* the Royal Veterinary Go&sfi, 
aggregate £80, paid in four in s talme nts, 
loyal (Diok) Veterinary College, Edin 


la the Royal * 

burgh, matriculation and dam fees 

£80 16s. Veterinary surgery oilers good , — , 

to young men fond of outdoor life and animals 


only 


liueldaae. Exceptional talent Is neces- 
sary to reach eminence m the musical profession. 
The musician should begin early. Many of our 
prominent musicians were distinguished as 
children, and \ here can be no doubt that early 
training •* tells " in music more than in meat other 
professions. Private tuition ranges from 20s. for 
twelve lessons to any fee the teacher can com- 
mand. The Royal Academy of Music in London 
charges five guinea* entrance fee and 33 guineas 
annually, payable 11 guineas per term, but as 
there arc many scholarships, clever pupils often 
complete their ourriculum almost free of cost. At 
least one year must be passed in study. The 
Royal College of Music gives three years* in- 
struction at 12 piineas per term. These colleges 
and several universities give degrees in music. 
The biggest school of music in the w orld is the 
GuildhaU School in John Carpenter Street. 
Ixmdon. The chief provincial school* are Royal 
Manchester Uttilega of Music, and Royal Irish 
Academy of Music (Du Win). In the Pans Conser- 
vatoire education is free, but entry is possible 
only by examination. Students at Leipzig 
Conservatoire study for three' years, except 
. where able to join tf»e advanced classes at onoe. 
Expense, including taiard, lodging, and fees, is 
usually reckoned at £90 a year, i irdinary church 
organists earn from £20 to £100 a year, I nit 
usually have the right to toot h upon the church 
instrument. Private engagement* are profit- 
able, evening “ At Homes M yielding from 10*. 64. 
to 2 guineas up to £tiO or £100. (in hintrsl en- 
gagement* yield from 4.5*. to 6 guineas per week. 
For other music, common rat*** are 25*. to 42*. 
for bandsmen, and 30*. to 50*. for principals. 

Navy. Naval cadets must pass entrance 
examination (foe 10*.) between 13 an l 144 years 
of age. after having obtained nomination from 
First I»rd of Admiralty. Examinations are held 
half-yearly— June and Deoem l>cr -in London. 
Two years* service on the “ Britannia,** costing 
£100 a year inclusive, follow the paas.ng of 
this examination, and there is an examina- 
tion at the end of each term. Then the boy 
is a midshipman, and rises, if following the 
executive side, through the grades of sub- 
lieutenant, lieutenant, commander, captain, ant 
perhaps to rear-admiral, vice-admiral, admiral, 
and Admiral of the Fleet- Other branches of tbf 
Service am the engineermg.modical, paymasters, 
and Royal Marines. The naval officer may 
follow his profession without tha private means 
necessary for an army officer. 
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ttoto at mt rt as a emir Bofe day and 
evsltng taftmetkm Is given •* the ait school*. 
The aiW London school la ths Royal CoUege of 
Art, South Kensington, where laaa range from 
da. to £5 par farm, and under certain con diti on* 
stodsnU am admitted free, la South Ken* 
station comfortable board and lodging mav be 
had for £80 per annum. The Royal Academy 
school* ate difficult to enter, Competition for 
•tudenUhip hi keen, and more than moderate 
ability ia matured to mourn admission Inatruc- 
ttan, limited to three yearn, hi free. The age 
limit for painter* it twenty-three and for sculp- 
tors and architect*, twenty-five. Other art 
school* include the Polytechnic Institution, City 
of London College. and the Birkbeck. Camden, 
and Lambeth School* of Art. In all of them 
day tuition met* a few guinea* per term, and 
evening tuition a few shilling*. At London 
University ( College, in flower Street, fee* are 
from 3 to 1A guinea* for nine months ; at Royal 
Female School of Art £1 to 13 guinea*, and at 
Herkomer School of Art, Bushey, Herts, 
IA guinea*. There are numerous provincial 
school* of art, «uch a* tho*e in Livcrjxwd, Man* 
cheater, Birmingham. Nottingham, Sheffield, and 
Glasgow. Study abroad is lea* costly than study 
in Great Britain, In Julim’s Academy, in Pan*, 
fee* are from £1 to £2 per month, and the total 
eo*t of living and study in Pari* not'd not exceed 
£7 or £8 per month, and may well he less. 
Student* in Antwerp often get along on £1 per 
week. The chief fields for the artist are in 
painting, in black -and white work for news- 
paper* and magaxines, and in teaching. 

Sanitary Inspectors. The profession 
it beat entered after pausing the examination of 
the Sanitary Institute ; fee, 4 guinea* ; ex- 
pense* of coach usually A guineas. Whole time 
officer* receive £100 to £250 a year, and occa- 
sionally more. 

Stags* The stage is the most heart - breaking 
of professions. Preliminary training may begin 
in the elocution class of a local institution, with 
membership in an amateur dramatic society. 
Deportment, elocution, and dramatic action are 
taught at l^ondon School of Music and Royal 
( Villege of Music. There are several dramatic 
academies in I/ondon, a course of lessons costing 
4 to 12 guinea*. Male “ super* *’ are paid 
I*, fid, to 2*. fid. a night, rising to 30s. a week. 
In Itondon they are usually soldiers from the 
barracks or reservists. Ladies employed to 

walk on M receive 20*. a week. In London, 
ladies of good social position are preferred. 
Fur a speak mg part £2 to £3 a week is 
paid ; for moderate talent, £3 to £A a week ; and 
for stars up to HID a week, Those who rise 
higher are the very few exception*. 

In M musical " theatre* the voice trial must be 
peered, and 35*. a week ia an average salary to 
begin, 

Salaries difler much in travelling companies. 


KwXk iff* **3^^ 

etuo* «*. a London), wbiob tb* pmUmtl 
•zobaafM follow, a new rate rtipnUtea that two 
mil a, bom* dork and two yearaaa MtUrag 
room clerk m»y coortitnte oulifieotum far 
membenhip. After four jwmf *>rnoe m tbo 
House, a clerk may become a member by com- 
mittee nomination or by purchasing a nomina- 
tion (price £100-£120) if he acquires at same 
time one Stock Exchange share (value about 
£230). Employes frequently earn only £80 a 
year salary, but by commi**ion* on business 
introduced to their employers often aggregate 
handsome incomes. Capital is essential to 
beginning business of stockbroker, as much 
business is financing. Practically no limit to 
possible income of successful stockbroker. Some 
London brokers earn not less than £50,000 a year. 
The physical and nervous strain of the work is 
very great. 

Teaching. The teacher in an elementary 
public school usually begins as a pupil -teacher 
at sixteen. Apprenticeship lasts four years, and 
includes part-time teaching. Boys receive A*, 
to 1 2*. per week ; girls, 3*. to 8*. a week during 
pupil - teachemhip. Examination* are held during 
the apprenticeship. The King** Scholarship 
examination must follow immediately on com- 
pletion of pupil- tear hersh ip or later. Two or 
three year* in a training college usually follows. 
Tuition and lodging cost £25 to £30 for the two 
years, hut not less than £5 a year is necessary 
for hook* and other expenses. After passing 
from college, and after eighteen months* pro- 
bation in an elementary school, the teacher 
receive* his parrJimrrtf. and is trained. The 
assistant master in a public elementary school 
In the provinces begins at about £85, and rises 
to £150. In Lon Ion the minimum is £85 and 
the teacher can rise to £200. Teachers in 
(hurch Schools receive much smaller salaries, 
the average being only about £70. Public ele- 
mentary school male teachers average £130 ; 
women average £80. Salaries of headmasters 
in London Schools vary from £175 to £400; 
those of infants' and girls* headmistresses be- 
tween £140 and £240 or £300. Provincial salaries 
arc on a somewhat lower scale. Under London 
County Council scale an untrained teacher can 
commence at £80 and go up to £160. In the 
provinces an untrained teacher's salary is about 
£20 or £30 lee* than a trained teacher’s Un- 
certificated teachers are not now appointed under 
the London County Council, but are numerous 
in the provinces. 

In Secondary Schools a university degree is 
necessary, ana the highest appointment# are 
usually given to Oxford or Cambridge graduates. 
Assistants in secondary schools earn from £100 
to £700, the average being from £200 to £380. 
The headmasters of the chief schools, snob ss 
Eton, Winchester, Harrow, and Rugby, receive 
from £3,000 to £8*000 a year with residence, 
la others, like the City of London, <th* salary is 

f rom £1,000 to f&QQOi 
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THE PLAN of the vegetable kingdom 
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IT fon a i no port of the plan of this conns to 
1 fin elaborate details regarding the classi- 
fication of planta* and students who wiah 
to find out the namea of common forma are 
advised to consult the ordinary systematic 
treatises. We moat, however, even at the out* 
set, acquaint ourselves with the main sub- 
divisions of the vegetable kingdom, beginning 
with the highest, as three will form convenient 
heading! under which the facts to he considered 
may be arranged in an orderly fashion. 

Each of the Urgent subdivisions is termed a 
phylum (or m&Jnngdcm), the further sub- 
divisions being sub- phylum, doss, order, tub- 
order, genus, and specirs. With the last five we 
am not at present concerned. It is also con- 
venient to use the word group in rather a loose 
sense, where plants that are not necessarily 
closely reUted am associated for some special 
mason, facilitating their study. 

PHYLUM 1, FLOWERING PLANTS 

[Phanerogams or 

This phylum includes the great bulk of familiar 
plants, whether trees, shrubs, or herbs. They 
all possess /totters, which are commonly, though 
by no means always, conspicuous. These may 
broadly be considered as special arrangements 
which hare to do with the production of sends, 
and a seed is a reproductive structure containing 
a dormant plantlet, which under favourable 
circumstances is able to grow into a new plant. 
The seed is, so to speak, a special device for 
tiding over the unfavourable season of the year. 
The plants of this phylum am provided with 
roots, stems, and leaves, all of which are vascular , 
t.e. they am traversed by tough strands 
(aggregated into vascular bundles), which serve 
as a supporting internal skeleton, and also 
conduct sap. The so-called “ veins '* of a leaf 
am good examples of such bundles, and the 
stringiness of old beans is due to their presence 
in an unwelcome degree. 

Sub* Phylum 1 , Pod*ptants \Ang%o- 
sperwu\ Tne large majority of Seed-plants 
belong to this subdivision, in which the seeds are 
protected by being enclosed in some sort of case, 
?ueh as the pod of a pea or broom f IS].* or the 
large hard capsule of a poppy, such as may be 
seen in any chemist's shop. Other examples 
am affordat by the seeds (pips) of an apple or 
orange. 

Sub* Phylum 2. Nsl sd— s d Plants 

Gymmo*perm*\ Though sufficiently well pro- 
tected, the seeds am not here enclosed in a 
special ease. Of this we may be convinced by 
putting to p iece s the cone of a fir [f €1 pine, or 
larch, whm a eouple of seeds will be dtsoovered 
on the wpptr side of eeeh seek. 

• IPItpwi t is Usst Miami bmOphsa 


Am a matter of convenience all the remaining 
phyla may be collectively spoken of as eon* 
stituting the great group of Flowsrless Plants 
(Cryptogams), SrsdUss Hants, or Sport Plants 
(Simmphyb s), as they have hem at various times 
called. The second name, however, is the only 
ooc of the three which is not open to grave 
objections, as we shall subsequently see, though 
it is most usual to speak of Cryptogams, and 
them is no harm in using the word as a mere 
label Neither conspicuous coloured Bowers nor 
seeds am present, and the typical means of 
propagation is by means of spores. Everyone 
must have noticed brown patches on the backs 
of fern -fronds, and if these air examined under 
the microscope it will be found that they are 
made up of little cases tilled with minute grains 
113). These are the spores which are able, under 
favourable conditions, to produce fresh plants. 

PHYLUM 2. FERNLIKE PLANTS 

| Heridophytes\ 

The Femlike plants or Vascular Cryptogams, 
of which Phylum 2 consist*, are the highest 
(Yyptogam*. which agree with seed-plants in the 
possession of roots, stems, and leaves, traversed 
by vascular bundles. Ferns of all kinds are the 
most obvious example* of the phylum {IS), 
which also includes the club- mosses of mountain 
an 1 moorland, the horsetails of swampy ground 
[14], and certain other plants. 

PHYLUM 3. MOSSES. LIVERWORTS 

[liryttphylr*]. 

Neither root* nor vascular bundle* are present. 
The familiar mosses [12], though capable of *ur 
viving a large amount of desiccation, only thrive 
in damp place* or during the wetter parts of the 
year, and t heir lowly relatives, the Liverworts [11], 
are for the roost part markedly moisture-loving 
plants. In some of these there is no division 
into stem and leaf, the plant -body being a flat 
green expansion or thailus. Lit'er worts may 


Liver worts may 


often be noticed on damp earth in early spring, 
in shady comers near brooks or waterfalls, or 
covering the damp crannies of wet hedge-hanks 
with their sheets of green. 

PHYLUM 4. PRIMITIVE PLANTS 

(ThaU»phyU*\ 

Hem is included a vast assemblage of lowly 
form*, some conspicuous, but many microscopic, 
in which the plant-body is a thailus of various 
shape ; a group widely distributed all over the 
globe, from the surface of the polar snows to 
the gloomy abysses of the sea. This Phylum 


divides itself into three groups. 

Group L AlfMw Ure stt tbs plants 
above than in tbs reals, Utsse forms contain a 



very characteristic gram pigment (Mw oph gOy 
whtoh lender* it possible for food of very simple 
character to be boat op into complex compounds* 
which furnish the me'erial for the renewal end 
gr o wth of protoplasm. Ko»t of them lowly 
plants mv Mnutic, They inolode the green 
see-weeds [•]. net or threadlike, which abound 
in (kh'DOHii on the araebore, end their freab- 
we’er euies ihet ere often to be eeen m e green 
ecam or ee mas** of slimy threads in ttegnent 
pond*. Urn powdery green investment on the 
trunks of tree* or wooden poling*, or even In 
roof-gutter*, connin'* of microscopic green vt/ga, 
which ute Also AbtmdAni in marine or fresh- 
we'er mud. These Ust belong to A npecUl cUss 
(f)t smith), characterised by their elefpnt shape 
And of on by tbetr power* of movement [5]. 

Though mgtr always contain chlorophyll, it is 
often obscured by the presence of pigment of 
some other colour, as in the brown •©• weeds, 
which cover the 14 betwcen-tkle" rooks, or make 
up huge Hos<ing mssnon in oertsin parts of the 
ocean [yulf irtrA). We have also the beautiful 
red sea weeds cast up by storms upon the 
shore [6J 

From the artistic standpoint, by far the most 
attractive algo arc the microscopic Diatom* [4J, 
which swarm in the sea and in fresh water, and 
are of the most varied shapes. They possess a 
ttinty skeleton, often sculptured with regular 
geometrical patterns of the most intricate and 
beautiful kind, which reveal fresh marvels as 
they am viewed with successively higher power* 
of the microscope. Msnv a would-be scientific 
amateur, fascinated by their charm, ha* endod 
by becoming a hopeless M diatomaniac.” 


Group 2. Fungi* The plants *o far con- 
sidered ancon tain chlorophyll, and this is only able 
to exercise its peculiar function in the prtwrnc© 
of light . But as fungi are devoid of this colouring 
matter, they am quite independent of light, and 
host* of them live and thrive in perfectly dark 
places, feeding during the night as well as 
throughout the day. We may say. in fact, that 
these plants are aciap’ed to occupy places that 
would otherwise he devoid of plant -life alto- 
gether. To this (tower there is, however, as a 
general rule, one drawback, the food must 
iw of a mom complex nature than that of g reen 
plants, and we tind that fungi axe la ordinary 
cases dependent upon the organic matter formed 
by the death and decay of other organisms, or 
else that they prey upon the living bodies of 
these. In the former case they are known as 
saprophytes, in the latter as parasitss. 

Mushrooms ardToadstools [7, St These are 
the most conspicuous and perhaps therefore the 
most familiar fungi. What we call a muhoon 
consists of innumerable mioroaoopio threads 
compacted into a stalk bearing a rounded 
expansion, on the under aide of which are a 
number of radiating pink or brown plates known 
as gift*. If the top of a mature mushroom is 
pla c ed on a sheet of white paper, left for aome 
time, end then lifted up, we shell find on the 


detail, and inspection shows that the pattern is 
traced in a sort of impalpable dost. This dust 
const* 4 * of an infinite number of spores, which 
have fallen from the gills* and the ao-oalled 
mushroom is simply a spore -producing arrange- 
ment. The actual plant- body of the fungus is 
in the form of a branching mam of whitish 
threads which ran through the underlying soil, 
making up what the gardener knows as spawn. 

Moulds, Mildews, rra Food, leather, and 
many other things, if kept in damp places which 
are warm and dark, are apt to become M mouldy ” 
or mildewed owing to the growth of various 
fungi. One of the commonest forms of these is 
“ g re en mould ” [$}, such as may often be seen on 
damaged oranges, while 44 blue mould ” attacks 
some kinds of oheeee. In either case the plant- 
body is a mass of branching threads, from which 
special spore-bearing branches rise up into the 
air. Many diseases of crops — t.g. the well- 
known potato disease — are due to the attacks of 
somewhat similar fungi. 

Yeasts. The alcoholic fermentation of beer or 
wine is brought about by the presence of hosts of 
microscopic fungi, spheroidal or egg-shaped, and 
mostly propagating by means of budding, though 
spores may aUo be formed under some circum- 
stances. Any number of them can be seen in a 
drop of liquid yeast [2], or 44 barm,” placed under 
a fairly high power of the microscope. 

Bacteeia. These excessively minute fungi [ 1 J, 
which are of numerous forms, rod -shaped, spheri- 
cal, spiral, etc,, are dealt with fully in the course 
on Bacteriology. They propagate by trans- 
verse splitting l fission ) and also by spores, 
and play a very important part in the economy 
of nature. Many infectious diseasro— consump- 
tion, typhoid fever, cholera, leprosy, otc. — arc 
brought about by them, an 1 putrefaction or 
decay is due to their presence. On the other 
hana, they are of groat importance in the 
44 ripening'* of milk and the maturation of cheese, 
in the formation of acetic acid and the prepara- 
tion of flax, and so on. Many of t hem take part 
in the cycle of chemical changes which is con- 
stantly going on in the soil, and they bare much 
to do with the successful raising of crops. 

Group 3, Lftchsaa All are familiar with 
the grey and yellow incrustations on stooe and 
hark [2, 10], and the branching grey or greenish 
tufts on many trees, which go under this name. 
It is only n eoc ss ar y to say here that every lichen 
is a tort of compound or joint-stock organism, 
consisting of an alga and a fungus in intimate 
association. Tbs fo rm e r does the feeding, while 
the Utter is concerned with the production of 
•pores, which axe formed in flat or cup-shaped 
•true t or s e . 

THE SCIENCE OP A PLANT 

The meaning of the lavish profusion m form 
and other characters of the higher plants will 
best be understood if we first briefly review 
tbs ssswitial features of a typical example, 
endeavouring to find the use of every detail 
of every part, the p hy dologioal msaim^ of 
every ch aracter. Katom is eamatialiy utflitaasm. 
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aadnetnirii thisgi as the colours and anott of 
oar brovltt (b«m ire not to be interpreted 
m Merely mtnit'ermg to human taa ec, trot aa 
being of tbe greatest pmetieil importance to 
their posmsovs, 

Tiee Strand* for Exiateae*. Bonmaer- 
oo* are the aiffemw* between (be well-nigh 
mnamerebte specie* of seed -plan a— and the 
remark applies to the other phyla — that any 
attempt to find a doe to guide na through the 
mate would be well-nigh bopctees were it not 
for the fact that they are all constructed on 
one common plan, it being indeed a case of 
“ unity in variety.” This variation in all sort* 
of wave baa been brought about by the keen 
struggle for existence which everywhere take# 
place, and may he observed in any tangled 
hedge -row or rankly growing meadow, in the 
deep rece s ses of the tropical forest, and the 
dense covering of the heather-dad moorland. 
It is a struggle for bare foothold, a competition 
with o'her plants for food and light, a perpetual 
endeavour to resist the unfavourable influences 
of waa'her and the attacks of animal foes. It 
is not merely a struggle for the maintenance 
of the life of the individual, but for a continued 
exigence of the species, for the production of 
healthy seeds which may in their turn have some 
chance— albeit a small one— of carrying on tho 
never-ceasing warfare in their turn. 

Hence have gradually been evolved fsee 
Biology] all sorts of shapes and forms, differences 
in size and habit, diversities in colour and odour, 
and endless modifications in structural detail, all 
having to do with the maintenance of tho exis- 
tence of the individual or of the species. 

Fundamental Finn of Structure. It 
will therefore be apparent that our study of seed- 
plan* * may best be begun by considering the 
fundamental plan of structure which dominates 
the almost endless differences in detail. We 
have already made a start in this direction by 
enumerating the leading features which enable us 
to define the phylum. When* — ** in an ordinary 
course of Botany-theoretical and practical work 
are associated and co-ordinated, it is a usual 
and desirable practice for oertain actual common 
types of plant to be carefully worked out in the 
laboratory as regards form and structure. Here, 
however, in order the better to perceive the 
general plan, and to avoid being led into side- 
paths by comparatively unimportant matters, it 
will be well for us to consider a thecsretiral type, or 
pattern plant , mentioning actual species where it 
seems advisable for illustration. 

Lift of the Individual. In our pattern 
plant [ 19] we shall find an underground part, the 
roe*, and an overground part, the shoot, which 
consists of a stem bearing msmi. Both root and 
stem are more or less branched, each branch of 
the latter arising in the angle {axil) at the base 
of a leaf. The branching form is very charac- 
teristic of higher plants, and the reason for it is 
not far to seek. In order to live and grow, a 
plant most feed and breathe. Its food consists 
of liquid taken from the soil and gas from the 
air* to absorb which a Urge external surface 
is necessary. Breathing, on tbs other hand, 


involves tho abs o rptio n of oxy gen gas, white at 
the earns time carbonic sold gas p ass** oat to tho 
exterior, so that ten. agate, surface area Is of 
importance. It is obvious hat sa increase hi 
surface, so advantageous for bo h feeding and 
breathing, is conveniently brought about by 
branching of the stem and root, 

Tho Root. As the work of the root has to be 
done in the ground, it is not surprising to find 
that it reacts positively to * he ac too of gravity 
and negatively to that of light — *.«. i s direc ion 
of growi h corresponds wi h ihe downward pull 
of gravity, and it may be said to shun the liitr . 
The main root goes vertically downward, while 
the side-roo’s are more or less oblique. Moisture 
also exerts a strong attraction. During *he life 
of the plant a root eonmually donga es owing hi 
active growth at i*s tip, which is provided wi.h 
a gratnng point full of protoplasm, and covered 
by a thimble-shaped shea h known as the root- 
cop, which prevents the surrounding particles of 
earth from injuring it. 

The root anchors the plant in the ground, 
supporting the s cm and leave*. The branching 
form is clearlv adap ed to this use, while the size 
and extent of tho root -system are proportionate 
to the weight of the parts above ground which 
require to be held up. As a plant increases in 
size its roots not only become longer and mom 
numerous, but also— in many case* - gradually 
thicken. It also appears that from time to time 
they contract longitudinally, being »hu* drawn 
taut — which contributes in no smalt degree to 
their effect iveneas as means of ffxa ion. 

Kach root is traversed by a central cure. largely 
composed of longitudinal woody fibres of great 
toughness, and thus altlr to wi hstand the very 
considerable pull that is brought to hear upon 
them in windy weather. Kxatnmation of any 
Urge forest tree that has been tom up by a 
storm will at once show the size and complexity 
of the riMit -sy*' cm 

Tbs Food of tho Flout. Ordinary earth 
const*. s of par.iclcs of various sire to which films 
of water cling, and this wa‘er constitute* a Urge 
part of the food of the plan*. It contain* small 
uu Antilles of various mineral matters in very 
dilute solution, so much so that a comjiarison 
may lie made wi h ordinary drinking water. 

The nature of the food which is taken up 
from the soil can be readily de ermined by 
growing plants in artificially-prepared solu- 
tion*[90J. Water i f self isof the first importance, 
for not only is it abundantly present as such in 
the living plant, but it supphe* two of the chemi- 
cal elements— hydrogen and oxygen— which 
enter into the composition of protoplasm, and 
are also ess e ntial components of many sub- 
stances which are the product* of vital activity, 
e.g. — wood and starch. But a plant will not 
grow and thrive if its roots are supplied with 
nothing but pure water. There must also be 
small quantities of simple mineral compounds 
containing seven other elements, i.t. Nitrogen, 
Sulphur, Phosphorus, Potassium, Calcium, Mag- 
nesium and iron. At least the first three of 
these help to buikl up protoplasm, white tbs 
other* are of importance m various ways. 
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*tH &b*r kind* of food 
for tfor oowffofo well being. A will-known 
example li af f o rde d for «be yum jnri nding 
our reveal crop*— which contain * ecnekferaWe 
amount of Mly miter or silica (8tO f ) in 
their stem* ana lorn res, t«kiog thfo up from 
certain siliceous compound* in tfo eaU. 
Apart from on *e» Ufo thin, plant* differ coo- 
aiwnbiy among tfemrlvei w lo tfo exact 
composition of the food they rrauirv, which is 
one raaaon why it i* desirable for farmer* to 
adopt a rvdatUm o/ crops, tiutcad of growing one 
kina of plant continuously in the same fold, 
diner a firm *oil may from tfo first he deficient 
in on* or other of the essential kind* of plant- 
food. or may have ireome “ exbau*ted ” of it* 
supplies, the necessity for manuring *l*o fo- 
come* apparent. In such matter* expert advice 
I* efeaHy a desideratum [See AosMTt.Ttax ) 

Tkt Root mm Food Fftodor. The work 
of taking finid up from the noil i* done hy the 
younger part* of root*, especially their end*, and 
a few detail* on the •tructufe of root* here 
becomes necessary. All but the lowest plan** 
are made up of large number* of varimody* 
ahaped f ragmen * of protopU«m known a* cells. 
1W are u«ually of microscopic «ixe. 

A typical cell (tl) i* covered by a delicate 
elastic membrane. the composed of a 

aubafance (oMaw), with which everyone i» 
familiar in tfo form of rotten wool. Within 
the wall i* a layer of protoplasm surrounding a 
relatively Urge apace full of fluid, the cell •*«/*, 
and often travemed by pmtoplaiimir at rami*. A 
atnall part of the protoplawm i* sjiwialixcd in»o 
a rounded a uelrms, which id ay* a very important 
part in controlling the life of tfo cell, ft mu*t 
al*o lie noted that tfo living healthy cell i* 
turgid, i.r in a state of di*tcn*ton, ao that tfo 
elawtic cell wall »* on tfo stretch. An aggrrga- 
tion of simiUr wlU is s tissue. 

The outer part of a young root {cartes) i* 
composed of layer* of cells, rearm bling in 
essential particular* the typical one just de* 
scribed. Those making up tfo outer layer are 
drawn out into slender tubes externally, and 
constitute what am known a* tfo root hairs f 89). 
It is these which take up tfo food solution from 
tfo surrounding soil, by mean* of osmom, a 
name which mi applied to tfo well-known 
physical process of diffusion of liquid* through 
mstmhmmss. Or. in other word*, if two dif. 
fermt liquid* am separated by a thin moist 
membrane, each of them will soak or diffuse 
through the membrane. In (hi* cam tfo two 
fluid* am tfo food-solution outside tfo cell and 
tfo cell-sap within it, while tfo moist membrane 
is represented by tfo cell-wall. As tfo incoming 
fluid fore largely exceeds in amount that 
which goes out, tfo plant is a continual gamer. 
Tfo fluid thus gained, or part of it, now diffuses 
into tfo next layer of cells, and so on, until tfo 
central com of tfo root is reached. 

ttew tfo Ron! Fnnfla Itnnlt Tfo cell* 
•up, which diffuses out of tfo root by means of 
mm On % fe slightly acid, and helps to dissolve 
tfo partfcks of tfo soil aa assists In tfo 
prapumtioa of moss food. This b faaflitated 
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by tfo fact that tfo root-hairs eoma Into Tory 
doss contact with tfo particles in question. 
This “ self- help H on tfo part of roots is very 
prettily illustrated hy placing a polished dab of 
limestone in tfo bottom of s flower-pot n& wukm 
a plant is growing. After a time the roots will 
spread over and corrode tfo limestone, etching 
tbetr outline upon it. 

It will be convenient to speak of tfo watery 
mineral solution of food taken in from the 
exterior as tfo crude tap. This is conducted 

X ardii by tfo central vascular cart to whioh 
uon has already been made. The actual 
structure of this is very complicated, and it is 
enough to say here that part of it consists of 
elongated woody strands, formed by tfo altera- 
tion and elongation of cells. They have alto- 
gether but tfoir protoplasm. Some of them are 
continuous tulsw or t rss:U, made up from 
longitudinal row* of cell* from which the trans- 
verse party-wall* have disappeared. The exact 
way in which conduction of crude sap takes 
place i* imperfectly understood. It is partly 
due to capillary attraction, and osmosis pushes 
from behind, so to speak. A* the vascular 
bundle* of the root -com are continuous with 


those of I he stem, and these, again, w'ith those 
of tfo leaves, we have a definite path provided 
for tfo upward current of crude sap. 

Uke all living part* of tfo plant, the root 
breathe*, but a* the leave* are of greatest 
importance for this kind of work, it will be well 
to postpone consideration of the nature and 
meaning of thi* prtAces*. 

Thu Stem. The stem of the plant is charged 
with tfo office of displaying the leaves to tfo 
licst advantage, and of serving a* the means 
of communication lie tween them and tfo root, 
A* we might naturally expect, it reacts nega- 
tively to gravity and positively to light, growing 
away from tfo earth, and avoiding darkness. 
The mam stem typically assume* an erect 
position, while the branches are directed 
obliquely upward*. The positive action of light 
ir well seen hy cultivating a box of mustard 
and cress in a window, when the seedlings will 
be found to fond sway from tfo relatively dark 
interior of tfo room. 

The main stem and its branches continually 
elongate (SS). in much tfo same manner with 
the root, except that the delicate growing parts 
at tfoir Ups are not protected by caps, but by 
tfo undeveloped leaves, which are folded over 
them. When tfo life of a plant is indefinitely 
prolonged it frequently happens that the stem 
regularly increases in thickness, thus enabling 
it to bear tfo increasing weight of the over- 
ground parts. This is beat realised by examining 
tfo cut end of a tree-stump, when the wood wifi 
be found to be arranged in concentric 
rings, of which one is formed each summer, 
external to those which already exist. Tbs 
number of snob rings may amount to several 
hundreds, or even run into four figures. 

fltfuctyft ef the Stem* lotammatJon of 
a ctuee seoUon of tbs stem of our pattern plant 
[MA wfll ibow that It is oonresed by a layer offlaU 
turn ueOe, tbs ipfirsii, of whhm tbs ouflrwB- 





TYPE'S or PLANT LIFE 






m» tfclWwif M * omh of ywiimw. 
taw taw «HU> tM* w tall aw a tag 
If ugHfar ImmBu, mb of tM Moriitf 
totMMlly of «rA i»d externally of tmM, wfcfl# 
bH win I ho two there k » Borrow iom known 
0» fko o re ft fare. Tho wood io modo up of 
ikBOiti i w wihtot the woody fibre* ond to— ak 
of thi root, who* tho tat w aaareiiaUy com- 
pood of olongntod Uut' MM a k, forxnod by tho 
Bodiliflitkm of odk IMr walk oro not of 
woody Bn&nre* Tbotr moot import out noe is 
to ooodoot downward* tho prepared food or 
afotorofcd «op which to prepared by tho leaves, 
and they are coat tattoo* wt h similar domra** 
found in tho vascular core of tho root and the 
vascular bundlo* or rein* of tho leave* The 
cambium io a thin layer of elongated actively 
dividing cell*, with thin wall* and abundant 
protoplasm 

Tbo ft twin m n Manna of ftupport. 

Tho reot of tho »trm i* composed of more or 
leaa typical coll*, of which those in the cen’re 
make up tbo pt4h, thoae external to the bundle* 
tho cortex, and those hetween the bundle* the 
medullary ray*, by which cortex and pith com 
mttnieato The structure of a thickened item, 
is, of course, much more eom plicated 

Tho atom ia divided into node* -from which 
leave* and branche* an*e and intervening 
part*, the tnirmode* In order to hold up the 
leave*, imperially dunng windy weather, it t* 
dearly of advantage that the chief mechanical 
tlaatie, if the vascular bundle*, ahouki lie 
arranged in an advantageous manner Henc'e the 
ring like diapoNition arm tn the croa* actum, 
which give* much greater resisting power than 
would oo attained by a massing together in the 
centre Greatly increased firmness is brought 
about by transverse and oblique bands, which 
unite the bundle* girder faahton at the node* 
Nature thus e*ta Id i*he* her humble*! treation* 
upon foundation* more perfect than any which 
man can dev tar 

The po *a e*>um of a considerable amount of 
elasticity i» another important point deserving 
attention Some plant*. »ueh a* gra nan*, have 
intemode* w hteh attain the maximum of strength 
with the minimum expenditure of material For 
each of them contain* a large central apace, 
and the well known mechanical principle of the 
hollow column i* thua exemplified. A piece of 
bamboo ahowa this to perfeotton. In young and 
Juicy stem* the pith and cortex contribute even 
more to effective rapport than do the vascular 
bundka. Fbr the diatenaion of the walla of their 
call* by aap reaulta tn firmness combined with 
elasticity When such plant* wither their bmp 
condition ia brought about by the loaa of water 

TMLref. Leave* are flattened outgrowth* 
from the nod** of the atem, with which their 
tissues are completely continuous. They are of 
vanoua kind*, hut the one* with which we have 
here to do are the klwp frees*, to which alone 
the term lea/ m applied m ordinary language 

A fully-developed leaf [It] consult* of a fiaU 
tewed Made, borne upon a tali, at the brae of 
which there ia very often a pair of flattened out. 
growth* known a* Wip a la* . There la*t, however. 
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are often threat, aad many leaves are aktdreti* 
tote of stalk. In aonre cases, e*. freon* Jht 
attached part of the leaf k in the form of a 
sftraCl which wrap round the atom. Leave* 
present almost endless variation* m shape, pro- 
portion, and mode of arrangement on the stem. 

The leaf -stalk closely resembles the stem 
in structure. Turning to the more import- 
ant leaf- blade [M], we find externally a pro- 
tective layer of tpidermu, which is very tough 
and firm in some ores, a* in the leaves of 
holly and laurel A* the blade is horisontslly 
expanded, we can distinguish between uppr and 
lower epidermis It is characteristic of the 
latter that it should he perforated by a large 
number of mmute hole*, by mean* of which the 
interior of the leaf is placed in communication 
with the exterior Each such pore is known 
a* a rtoma, and >1 is Ixmnded by two guard-cells, 
whirh are capable of altering their shape so as 
to vary the size of the slit between them 
Stomata are also found in the epidermi* of 
young stems, nor are they necessarily confined 
to the underside* of leave* In the floating leaf 
of a wa*cr lily, for example, they are only found 
in the upper epidermis, which is next the air 

The Lungs of the Plant Between 
the two layers of epidermis there is a mass 
of green cellular h**ue, divisible into an upper 
layer of cells elongated at right angle* to the 
surface thus giving an appearance which has 
earned for it the name of paliMde foyer— and a 
lower 9p*mgy layer* which exhibi h no such 
regularity Between t ht evil* of the spongy 
layer are atr spate*, whif h form part of a con 
tinuous system of nartow dunks and passages 
by which the plant is traversed If the blade of 
a thick stalked leaf is immersed in water, the ex- 
istence of this continuous set of air passage* may 
lie demonstrated bj placing the tut end of the 
st Aik in the mouth and Mowing into it as hard 
as possible Minute hubbies of air will then be 


•een to come off from definite point* on the leaf- 
Made, having made, in fact, their exit through 
*touiata The cells of lioth palisade and spongy 
layers contain numerous specialised rounded 
particle* of protoplasm coloured green bychloro 
phyll Three are the chbtrt>phyll granule* [S7a] 
The vein* of the leaf Made are its ixucular 


bundle*, consist ing of wood above and bast 
below These bundlea are so arranged as to 
prevent the leaf from tearing easily, while at 
the same time they guard against the collapse 
of the delicate green cellular tissue, by keeping 
the tarn layers of epidermis well apart 

We have* seen that the food solution taken in 
by the root contains nine chemical elements which 
are essential to the life of the plant, but there 
ia still one other which i* indispensable — carbon, 
which is one of the components of protoplasm, 
a* well a* of cellulose, wood, and many other 
characteristically vegetable substance* The 
•ottroe from which this element as obtained » 


carbonic acid gas or carbarn dioxide [OO,]. which 
makes up a small percentage of the atmosphere. 
One of Uie ores of the stomata is to permit this 
gas to pare readily into the interior of the 



■rW*i 







umi pimi Umc 

Tbe food of the plant consists of the •unpfo 
mlcdnoii ilmdy mentioned, it ow» 
dfonfot, wafer, end email quantities of mineral 
waiter* These hare to be bttilt op step bjr 
step Into organic compounds till, in the end* 
tiring substanoe, or protoplasm, is produced* The 
early steps in this p roc ess— which bridge orer 
the gap between non-living and tiring matter- 
can only be effected — by protoplasm itself— 
in daylight with the co operation of chlorophyll. 
This is the most important duty of the green 
part o f the leaf, which is aided tn the wont by 
the green outer part of the stem. 

A chemical reaction takes place between 
tbs water [H t O] which the leaf reoeirea from 
the root and the carbon dioxide [00,] it takes 
in from the air, resulting tn the formation of 
an organic subs' ance composed of carbon, 
hydrogen, and oxygen, a formation which could 
not he effected were it not that chlorophyll 
enables flic energy of sunlight to he utilised tor 
the purpose. In other words, though tho proto* 
plasm of the leaf docs the up-building work, it 
ftas to use sun-powrr lor the purpose, and 
chlorophyll- how, is not clearly understood — 
alone renders this po**il4e. If kept in the dark, 
a green plant soon become* pale and sickly, for 
its constructive work is arrested. 

Starch. The further steps in the formation 
of plant substance are too complicated to he 
followed here, and it is enough to say that the 
first visible product is sfarrA, another compound 
made up of cartxm, hydrogen, and oxygen. That 
grain* of Ihis *uh*tanoe are actually formed in 
the leaf can lie proved by microscopical examina- 
tion, and also by a simple chemical test. It is a 
well-known fact that starch turns blue when 


subjected to the action of a solution of iodine 
fin pata**ium n*i*Ht (K\)], which can he 
obtained from any chemist. If we take a leaf 
that has been exposed to the sun for some time, 
and place it in this solution, it will rapidly 
become of a dark Wue colour, thus proving the 
presence of st arch. By pinning two round pieces 
of cork to part of a leaf [17*], one above and one 
below, we can keep off the sunlight and thus 
locally prevent the formation of starch. If a 
leaf of which part has thus been shaded is placed 
in the iodine solution, the part in question will 
not turn blue, thus showing that no starch is 
present. It may be added that the palisade 
layer of the leaf is of most importance in the 
constructive work just described. 

Oxygon bom tli Lsst When any 
erganic substanoe Is formed in the green 
parts of a plant by chemical reaction be- 
tween water and eerfcoa dioxide, a large part of 
the oxygen contained in these suhstanoes is not 
required for the purpose. This, as a sort of bye. 
product, passes Into the surrounding air, which 
we know is a mixture of gasee, about 21 per cent* 
being oxygen, an element which is oonstantiv 
being used up in tbs breathing of animals, ami 
also m combustion. 


A convenient way [MJ of demonstrating that 
o xy ge n Is given off during tbs feeding proomsss 
of grstn plants is to pul mm water-plants la a 
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glam vessel* cove rin g them with a funnel, and 
pl aci ng an inverted test-tabs full of wotsr 
over tbs stem of this. If tbs whole arrangement 
is now exposed to tight small bubbles of gas will 
soon be seen to riee from the plants, md&diy 
Biting the test-tube. By applying ibe usual 
tests it is easy to prove that this gas is actually 
oxygen. If, for example* a glowing splint of 
wood is plunged into the tubs it will be at onoe 
re-kindled. 

Tbs Organic World nt • Standstill. 

Were it possible to destroy all existing chloro- 
ana to prevent the formation of more, 
the organic world would soon be brought to a 
standstill, and life would become extinct. Kor 
no more plant -substance could be built up from 
non-living material, and the vegetable world 
would therefore soon oease to be. while, as 
animal* directly or indirectly depend on plants 
for food, they, too, would quickly die out. 

Quite apart from this, the breathing of plan s 
and animals, and the processes of combustion, 
continually exhaust the oxygen of the air and 
increase the proportion of poisonous carbon 
dioxide. The composition of the atmosphere is, 
in fact, only kept normal by the utilisation of 
carbon dioxide as food by green plants, with 
ooncomitant liberation of oxygen. A* we have 
seen, this process is absolutely dependent upon 
chlorophyll. 

Starch — converted into soluble sugar — and 
certain other organic substances, arc constantly 
being drained off from the leaves, a* elaltonUtd 
rap, to all parts of the plant, serving for the 
repair of waste and the furtherance of growth. 
They partly diffuse from one living cell to another, 
and partly travel along the bast* vessels of the 
vascular bundles. 

Transpiration of tho Loaf. The leaf, 

and the stem to a less degree, are constancy 
giving off water vapour—**.*., transjtiring. This 
vapour is continually evaporating from the 
delicate green cells of the leaf into the adjoining 
air-space*, from which it makes its exit by means 
of the stomata That transpiration actually 
takes place is shown by the way cut leaves wither, 
and may easily be demonstrated by placing 
several such leaves with their stalks in a glass of 
water, which is then covered by a glass plate. 
If the whole is now put in a sunny window 
moisture will gradually accumulate on the under 
side of the glass plate. 

An easy and pretty experiment to prove that 
transpiration takes place from the under side of 
the leaf, where the Momaia are situated, can be 
made by taking advantage of the fact that 
cobalt paper [prepared by drying Mot ting-paper 
that has been soaked in a 5 per cent, solution of 
cobalt chloride], which is blue when dry, turns 
pink on being moistened. A piece of tftus paper 
ts placed on a glass plate, and coveted with a 
perfectly dry leaf under side downward. A 
second piece of cobalt paper is then put on the 
upper etde of the leaf, and a second glass plate 
over alL After exposure for e short time to 
•untight It will be mad that the paper whieh 
has been In content with the under tide of the 



M hM JweoBM pink, while the other piece much ot thie ae pcMuhie, while the mutual 
^ _ arrangement of the lean* of the same plant la 

. t of Trunaptrnttqn. Hie promotion of of such * nature that they a ettw one mothir 
tAe upward current of crude sap is of the utmost from the light as little as possible. Hanot the 
j ™ an J 0U,lt DiineraJ matter origin of lenf mimic s, which art wall assn in the 

diasohrad in it is so small that a constant stream east of ivy growing on a wall* or the branches of 

is necessary to furnish the leaves with the many forest trees, such as beach or aim (IS), 

requisite amount for their constructive work. Examination of one of these plant* will show 

Some of the causes of the upward flow of sap that the leaves flt into the spaces between one 

have been mentioned in dealing with the root, another, so as to form a more or less continuous 

and transpiration would appear to be a sup- sheet of green. In tangled undergrowth the 

piemen t ary agency, for the loss of moisture by leaves often have to acoommodate themselves 

the leaves must promote the ascending current. to those of their jostling neighbours, which 
Organisms are constantly and necessarily partly accounts for the much divided form they 

undergoing disintegration, thereby setting free often assume. 

the necessary energy for the conduct of the Tho Unending Warfare of Nature, 
various vital processes. This down-breaking Many dominant plants secure part of the soil 

process is essentially one of oxidation, a kind of for their stde benefit by keeping away the light 

combustion, comparable in a broad sense to from other forms, which is tan ’amount to starving 

what takes place in a fire. Hence the necessity them out. Hut little can grow, far (ess flourish, 

for a supply' of oxygen, derived from the air. under the denim foliage of many forest trees. 

Breathing or Respiration is in fact the taking in while some herbs adopt aggressive tactics of 

of oxygen, toge her with the elimination of car- another kind. The daisy, dandelion, plantain, 

bon dioxide, which is one of the useless product* and many other ram pant* weed*, possess a dense 

resulting from the process of disintegration. rosette of leaves resting on the ground, seising. 

Breathing of Plant* and Animals, as it were, a small circular holding for their own 

It is very generally but erroneously imagined exclusive use [80]. The arrangement is due in 

that, while animals take in oxygen and give suppression of the intemodes. whereby the leaves 

out carbon dioxide in the primes* of breathing, belonging to a considerable number of nodes are 

the reverse is true for plants. As a matter of of necessity crowded together, 

faot, both breathe in precisely the same way. The dandelion, when growing in a meadow, is 
But, as we have seen, a green plant is constantly often in danger of bring itself deprived of light 

S iring off large quantities of oxygen during the by the luxuriant growth of the surrounding 

ay, as a bye-product of its feeding processes. grasses. Tncler such circumstances the leave* 

And this has been mistaken for a product of of the rosette abandon their horizontal position 

respiration. In reality, some carbon dioxide is ami direct themselves more or less upward*, 

also given out as the plant lireathes. To make the most of the scanty light 

During the night, when the evolution of oxygen attainable it has to convert itself »n:o what is 

ceases, owmg to the absence of light, it is easy to termini a shade jdant, though it is more usually 

prove that a plant breathes exactly like an found growing as a run jdtttU, in the o|>cn waste 

animat Place a vigorously grow ing pot plant at places which are i's favourite habitat. Not 

night in a cylindrical glass vessel just large only do its leaves turn upwards toward* the 

enough to hold it, and close the mouth of the light, but they liccotnc larger and more delicate, 

vessel by a greased glass plate. To prevent while the characteristic deep indentations in their 

access of light it is best to put the jar with its edges more or less disap|>car. 

contents in a dark cupboard. If, next morning, [Dehgriition or tiik Kkontihi ti.rr. The 
alighted taper is plunged into the jar it will be plate forming the frontispiece of this part of 

extinguished, showing that the oxygen of the air the HKl.V-El>t;CATOft is dealt with in the earlier 

has been used up and that carbon dioxide has part of this article. The contents of the plate 

presumably been given out. The latter point are : f. Bacteria ; several specie*. 2. Yeast : 

may be definitely established if a watch-glass full Sacekaromyc ** errtvisiw, after Vim**. 8. Liven 

of nine- water has previously been placed at the Mould : J*rniriUium glaucum (Vine*]. 4. lha- 

bottom of the jar, for the liquid will be found to toms : several specie*. 5. Ib**mid* : several 

have become milky during the night. This is a species. 6. Seaweed : MeUkceui jolymorrAa ; 

well-known test for carbon dioxide. Chorda lomentaria ; Dtlessrria rurrifolta ; H li 

Tbs F ig ht for Light Leaves may be seris pUypudioides ; Aeperococcus Turneri ; Fucue 

attached one or more at a node, those of two vesiculosus. 7, Toadstool* : Coprinus airtimes* 

successive nodes not being situated vertically tonus; Russula cmetica ; Agaru-u* muscarine. 

one above the other. They may be stalk less, or 8 . Fungus on Beech Stem ; Fidulina hepatica, 

else po ssess stalks of varying length, and there 9. Lichen on Fir Btem ; Parmdia panetaria. 

are all sorts of possibilities ss to the sixe and 10. Tufted Lichen on Fir Branch : Vtmea bar * 

shape of the blade, which may not be uniform beta, it. Liverwort : Marrhantia. 12. Mosses: 

even in the same plant. Polytrickmm commune , 18. Ferns : Polypodium 

There are several reasons for this lam amount pulgars. 14, Horsetail ; JSauisetum arvtnse. 

of diversity, one being the necessity tor ad van li and 16. Fir Btem and Fruiting Branch ; 

tageons display as regards light* The horixontal Finns sybestri*. 17. Beech Btem : Tagus 

position of the leaf-blade in ordinary eases has s pf ea f i os . IS, Broom and Fruit ; Cyttsus 

obvious reference to the necessity for getting as scop a rins,] 

To be con t inu e d 
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A SHORT DICTIONARY OF TERMS IN NATURAL HISTORY 

fee also A §•»*? &MV109A*? Of BfflMf 



A9*p«i!*~ The swollen part ol » mi* 
etrenUir eiwftl In the internal ««t o4 


with lb* totobwC 

Atavism Tb« aniwiMn nf n trait 
KHillU) Uw iniMiml# jmreaU. t«t re* 
«m*Uliag n tour* r«muu im-wtor. 


OmoIUm btimho fd • 

IlMfltAVI H’dlow on UXh sides lift# 
to* vertebra of • ||*|t. 

Uvtlvt Tint shell uf • mulltMc »hco 
*muK«M«l of tow )a*ru. 
l oo # pamatlsm a liairft of **»* 
animals, iw4i a* the raekoo, «f placing 
tb«*»f /»» uug with other }«roin. 


OAAVHTh* uvutmcnt IrftVM or ft 
flower 


CfphftlODOlf ' The cot tie fishes, and 
their afW 

Cm ft— ft The tmltrr of twuniult « hkh 
tmliulm tli* 

CM'OptWft The order of munmAli 
which luclud** tli* tot* 

Chelonta An older of reptile* which 
Include* lb* UxUittr* 

Chordata All annual* which )«**>»* % 
iMjftorhonl. 


Chirr— lift The oh at f i Hi 1*** pupa of but- 
terflies ottd Hiotll* 

Chyto The fluid which result* from tli* 
actbm of dtgrHbHi uiaoti ft*M| 

CftOftyX The end «f the ipin»l column, 
COMOm Th* l»*dy ttovU) 

Cello Id aubetamw* which »lo not read- 
ily |i*m thnsigh tnc mnrai tc t*»w 
Cttltrld Term applied to < « rt*ln fl»ti 
•ewlr* with tit* hinder margin* fr1>u*<d 
Cyoloid A term applied loth**' m ales 
*»f ftsltr* which have ft dirutar, or 
elliptical, out line ft tth »u even margin. 


PMlPUOUt Alnicturee which are 
*hn»l ftltrlm U»r HI* nf ftl! nfuftltlam 
Dlphyodont *- to mammal* 

which have two set* of Iwtlu 

CkYTM A lieetlr * anterior wing*. 
Bntomophflou* flower* which ar* 
fertilised by Insects, 

BoftOlft The earliest geological period. 


FUNIA Th* jilfttit* nf ftit y region 
Furculum 111* merr)U>*»Uftht tone 
of Whit hr»w4 by tli* union of iti* two 
clavicle*. 


OAMOiD Tluw* l r»U In Ash which 
haw ftn inferior tony aver 
Gastrin a A t*rm *nH»rd to that stag * 
of the «wl*rjw which exhibits ft doutde 
layer with month twl dhnwtfr* cavity 
Qirmlnftl due Th»i i«rt of th* r— 
which develop* Into th* ««t»t W/n 
OtllmVfF Tnr flap Which overlap# 
th* trtH silt* lit It ah**. 

OMOphert A tod In which th* tfg 
ewlU, ur sperm*, nr* product 

HfTIflOCCIIOAL - Th* annually* 
Mewl Ull In dthct 

B ock Th* ankle In ft hMwt hind tlcnh 
— — ml- Equal tylobed tot tftlhk 

mmomm a cu** otuwi^ 

Uwuft 

hmot ltort An order of nwimwih 

— MW—- 1 V moot wn w l f w iiu fi- 
—I ifftA 


LAMMTIUA-Tto utoee ftl iwptlka 

tostotog U» Uftwh 




l— O fWr ct 


in moll uses 
Into which 

the Mcntory organs feofttU/ Open- 
lAflu—U- An order of miniMli 
Med asm — The ea produdn* stftft* of » 
jftfly tot, n— ftilf fr** »wti»nimg. 

M— O70fc> The ceolfjfticftl epoch which 
prerwded tlie kftlnoeolc. 

■of)?rtl A cnm between two tirte* 
tie* of the Mm* epecUw. 

Manc—lous — Tboee Indirl Ittftki Ut 
which th* two ***** nr* w It d. 
Menophyodont— M»mmiU which de- 
vrhip ofll> •«* wt of teeth, 
lionolremeft — The lowe*t order of 

mftrnfUftU 

Morula - An emhryonk st—e in wbkh 
tit* Mftmented ovum 1* not hollow, hut 
•nl hi. 

Mute Acroaa l>rtwr*« e horn* end en fte*. 
Mute)# A definite)/ *ltftfied piece of 

MutuaJUm Tli* ftmocifttion of two 
orfrfthUm* for lb* benaflt uf both. 

NAfUNA F)> vicknca* ; ft ffttft) diaefteo 
of Imraca rauacd h jr • imnudte whidi 
U cftTriid t>> th* tact**- fly. 

N— rctlc Rftxtoa -The northern pert 
of th* New Uorld. 

Neuter Ifevlnv no fully developed »*x. 
Normal tonfurmlng to the ordinery 
at*nd*rd. 

Nuoiftfttftd- fuae wl m • uttcleu* 
NuelftOlttft A minute body bi»)de a 
milieu* 

Nymph Thr Active pnna of certain 
inaccta , thv aU^e which hfttebe* Iron 
th* cgif. 

OOOWTO^HOftR Tlte mm*Ucatlnff 

oruait ill tnoiiuac* end rutilc-Aahra. 
Opercu'um Th* till cover In manr 
flahoa, ftlao Hi* Tnmiy piftt* Which 
lime* the ahrll uf aome nmlluar* 
OpUthoealouft - Concave behlud, at 
In worn* %*rt*l*ne 

Oriental ref^on- Southern A»U. to* 
(r*tli*r with pert of the Kftnt Indbw, 
i hr Philippine 1 about*, and formoM 
OtOOyftt- A vralrl* QlUd with fluid con* 
tftliduf aomc aolld particle*. A «lnt|»le 
h>nn uf iHuoing eitperaUu, pruhaidy 
ftlao a bftlftiu'lntt orw*n. 

Otolith— A Imrd eubadanee ln*id* the 
heart lift orfftu. 

Ovlpoeltor An or— n at the hituler 
rnd of th* laaly of a female Inarcl by 
mean* of which hole* are made la 
fdanU for reecfdlou of th* eft— 

Ovuift Tbe |MtrUon of a plant which 
beoooMw * wad after frrtJtiaatfcm. 


which eaehle U»etr jo ang. 
MaoU#-aawUy~The epaoe I 
which euwtftlM the ftfu. and 


F ALMONTOIOQV Tba achmoe 
wltlrh deal* with fm*U* 

P ftr il i Odftfttyla Hoofed qtiadrnped* 
which have an udd number (one or 
three) of toe*. 

PtnaaJ tody - A etmetaiw in the roof 
t4 th* vertrbrate brain which proimtily 
w pfwa cU th* remain* of a dunal eye 
tu memo* reptile*. 

PtnnaU tor H»MtlfDrai>~F«eUftb 

ehat^ftdL 

fl i ae i The el*** of ft* he*. 

Piftlfbrm A Mtta I round wtHI too* 

Pta—nta- lh* orpnn ia th* higher 
mammal* whteh eetatdlahe* the vw- 


eular connection between the mother 
and the totm ; the aftee-Mrik. 
Ptneotd- Imeito thick, tony i 
hkA »» found ta mut» and ray* 


tom 

lm—ftf atr breftOd— 



ProMioUlfl- A I t fint, «* Jftkto « A 

rmmtS^Theaetcf turning Umpata 
of the band downw ar d*. 

P y r tfb rm Peur-ehaped. 


ItAPTOMS— The Wrde of prey. 

BnenpItaUUon" The repeat!— of the 
inooemiee umaUtl stag** la t ho to 
vdouMDt of — organism. 

Barmin- A ferment ta the gaetric Juice 
which cordlee milk. 

Rn*ambkunea — ueneral : a harmony 
with ■arroandiuff*. causing the 
or—nbim to be tnoonaptcuoua Tt may 
be protective or iggrwMilve, or both. 
Anecial : a lUencea to some particular 
of.ject ta the environment. 

Rftlculum ~ A network; the second 
division of the complex stomach of a 
ruminant. 

Retractile— An organ which I* capable 
of toing drawn bark. 

Rodnntla — An order of mammal*, 
guawera. 

Roitrum Thc suctorial organ formed 
by the appendagvs of the mouth in 
certain Insect* ; any kind of lieak. 

Rotlferm The wheel animalcule*. 

Rudimentary organ — A structure 
whidi Is not fully developed. 

Rumen— Tli* first division, or paunch, 
of the complex stomach of a ruminant. 

Rumination - Process of cud chewing. 

BACnUftfl The part of the liaeklione 
w ith which th* pelvic arches unite. 

ScolftX- Rmbryoulc stag* of tape-worm. 

Sessile- Not supported by any stalk. 

>OU*-Kri*tles. 

Spermaofttl liquid fat obtained from 
the sperm whale, contained In a deep 
depression in th* side of the sku L 

Spinner* is- Hmail t»ro)*ctiotM on the 
under side of th* abdomen of spiders, 
on which silk glands o|wn. 

Sptraelft The apertures of the breath- 
ing tube* In insects; also th* single 
mistrll. or blow-holc, id cetacean*. 

SuptnnUon-Tlir act of turning th* 
Stalin of the hand upwards. 

Sutum— The line of union tot ween two 
immovable starts, as in skull Umea. 

Swim-bladder An outgrowth from 
the alimentary tuto of srun* Ashes 

Swlmmarftts The limbs of crusUcean* 
which are adapted for swimming. 

Symmetry -“Regularity of structure, 
which may be either radial or bilateral 
(having right and left skt«*V 

Sy rnph sis— The union of two tames In 
which there is very limited motion. 


TANIA- An order of tapeworm. 

Tftleostfti -The order of the bony flahea. 

Tptrmdaetrl- Haring four digits. 

Tortolew-ehwll- A product id the horn) 
plate* obtained from certain turtles. 

Tr>*toeyit - Minute rod* found In mum 
I nfusorian* which are projected trots 
the outer layer of the tody for dcfenca 

Tuaieatn Th* sea equina. 

UMWAAVI - The shell of a moUwM 
com posed of only cos piece, astatb 

OPOfttylU- The hladmoet portion of th 
backbone of a frog. 


- Th* shell money of tie 
North American Indiana 
Watur - vmneuftar system — An ai 
rsngvmrU of tubca. as In atar-tol 
eoneemed w ith Ipootefttlon and veepki 
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BUYING, STOCKING. AND SELLING 


Three gin I MfHak. Biwt and Extravagance ta Beytag. Slock 
to Avoid Terms of Pi ymit Important potato to boor ta obi 


By W. B. ROBERTSON 


THERE art* many pointa which are peculiar 
* to certain trades, ant the*® will be duly 


discussed in considering the depart menu to 
which they apply* but the broad principles which 
enter into successful business management are 


general, anl capable of application to any 
branch of shopkeeping. 

In every retail business, no matter how small, 
there are* three departments. In Urge store* 
these departments may be divided : in small or 
medium concern* they are united. These* depart' 
iQfHU are hutftng, dueling, and telling. Each of 
these, even in a small concern, may be reduced to 
a system. The more the shopkeeper introduce* 
system to facilitate work, to prevent waste of 
time, spa-e, an J money, the greater will be the 
accruing profit . The statement may lie a self- 
evident truth, but the small heed given to its 


teach'ng by so many shopkeepers in their daily 
practice is sufficient apology for its enunciation 
Ik* re. bit us go deeper into the subject, an 1 
apply our principles of system to the three 
business departments we have mentioned. 


Buying. Tlie most prominent quality in 
the man who hut's should lie caution, ft is 
much easier to buy than it is to sell. ’Hie suc- 
cessful buyer is he who has the talent of selecting 
for his stock not primarily the articles he himself 
thinks best, but those which his customers and 
the general public will buy most freely. The 
ability to divest himself of per-mnal predilection 
or -what is, in its result, much the same thing 
— the ability to make his own taste coincide with 
the tastes of his purchasers, is a gift difficult to 
acquire. It is largely intuitive, and is allied to a 
distinct type of mini. Experience gives the 
ability only in a measure. We have known 
business men. successful as salesmen, whose 
judgment in buying was so little to be trusted 
that their only safe course was to refrain 
rigidly from any interference in the buying 
department. Sometimes the ability to choose 
saleable merchandise may exist, but the person 
may still be a comparative failure as a buyer. 
He may have the inability to resist the tempta- 
tion to buy far beyond his immediate needs and 
beyond the absorbing possibilities of his district. 
How often the commercial traveller makes the 


confession, “ 1 have got something here I want 
to sell to Meson. A and B. 1 know that A won't 


buy it, but I shall touch B about it, and am 
Mie of placing a few gross with him.” 

The traveller who is wise in bis generation to 
this extent exhibits one of the most successful 



working upon that power to his own purposes. 
But our hi mediate conce rn in this place is for 


the purchaser. whom we would warn of the pit* 
falls in his path. 

Extravagance In Buying. With many 
men the passion for the appearance of doing an 
enormous trade is strong, and some have ruined 
themselves by a course of conduct into which 
the weakness has led them. We haw in mind 
a case in point. In the Bankruptcy (Viurt 
recently a retail chemist appeared for exam* 
in at ion. He was a competent pharmacist, punc- 
tilious in attention to his business, which wa« 
large, and should have been profitable. When his 
stock came to lie realised for the benefit of Ins 
creditors it was found that his cellars contained 
unopened j me k ages of goods to the value of a 
war's turnover. Them* package* had accurou- 
latiKl during a perio I of years, and had been 
collected solely through the man'sdesire to acquire 
in the eyes of the w holesale trade a false impor- 
tant as a buyer. In tins |»art icular case, however, 
the man was totally incapable of business, and 
his case is an extreme rather than a typical one. 
Not often, fterhapa. is the consequent of the 
temptations of buying so din* in its results. 

In trades which chang - with the seasons the 
need of a buyer who can gauge the buying power 
of bis customer* is supremely essential. The 
group of clothing trades is the most prominent 
in this class. We find that nearly every draper 
has his annual, semi-annual, or quarterly clearing 
salt. In some measure* these an* genuine sales 
of end of season goods and remnants, such as 
an* unavouUtilc in any business. But much of 
the turnover of the sale consists of articles 
bought for the purpos* of the sale itself. Those 
who buy these things m the tsdief that they an* 
genuinely reduced goods UUmr under a delusion 
which the salesman finds it no part of bis business 
to n*move. Home |s*ople may bold that the 
moral problem enters into such proceedings, and 
upon this question we make no pronoun cement 
But the point we wish to make is that th< 
smaller the quantity of ordinary merrhandtsi 
thrown upon the sale counter and cleared off a 
less than cost price or at less than proper sellini 
price, the higher is the ability of tbe buyer ii 
estimating tbe purchasing power of his market 

Errors In Purchasing. Sometimes th 
• ton made in purchasing ate almost beyon 
belief, ani indicate a negligence that is eulpab! 
and deserving of overtoiled shelves of bs 
or unsaleable stock. We may point a moral ar 
perhaps even adorn a tale by citing an instan 
of what we mean. Them are in England ar 
Hcotiaad, at tbe time of writing, many iro 
mongers to whom it is dangerous to mentis 
the name of a certain inexpensive knife-clean* 
Tbe manufacturers of tbe particular article 
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which w* mfac succeeded in persuading letnilem 
to p«vb« grosses of (Mr speciality ***** 
doeens would have satisfied an needs. Simple 
calculation would here «bo«n the mwchmt that 
he me baying t nough knife-deaner* to proride 
one for every men, women, end child in hie town, 
end reflection would he to proved the folly of 
buying in eucb quantities, Three men here been 
sufferer* from tbe persuasive rloqwna of umert 
salesmen end from their own inability to take 
into consider* Ik n the factor* which should 
goretn eny projected purchase. 

Slock to ovoid Buying. A iu«w«ful 
buyer ie he who conducts hi* business upon the 
smallest stork in reletion to ennuel turnover. 
Many trader* have e dreed of being asked for 
anything which they do not have. Such men 
have a mistaken sens* of responsibility toward* 
the public. Their notion* of bu*inc«* tend them 
to cumber their warehouses with good* which are 
aaked for only, perhaps, once in a number of 
year*, and tlie profit gained from the sale of 
euch article* i* m no way commensurate to the 
espenar of buying and atorkmg them. It mu*t 
he remembered that every ten pound note spent 
m storking the ahelve* with slow -selling article* 
curtail* the possibilities of outlay m direct ion* 
which might lie more profitable. 

Every Stiver, m whatever trade, ought to lie 
thoroughly lamiliar with the feature*. qualities, 
uaea and price* of every article for which them 
i* a possibility of request. He fthould have a 
collection. a*' nearly complete a* possible, of 
trade li*t* arn n/cxl for immediate reference, 
and ahould lie able to tell from tl»c mark* 
upon three bat* the dincount* or net prw'C*. 
and allow the enquirer the detailed particular* 
regarding any out -of -stock article. In moat 
cam a properly organised *y»tem *uch a* thi* 
will effect a sale. One advantage pertaining 
to the ordering of article* of infrequent re- 
quest, only after the cuatomer ha* placed a 
definite order for them, i* that they may 
lie delivered freah and untarnished from thj 
maker*, where**, if they had been atocked 
for month* or year*, they might have Iwvome 
•oiled, or he otherwise deteriorated. The ex- 
pen** of special carriage upon goods in occa- 
sional demand i* u# ually lea* than the internet 
on capital sunk in atorkmg them, plua the value 
of the room they occupy, and the frequent lues 
through deterioration of breakage. 

Friendship In Bunlanan. An oft- 
quoted maxim atatea that there i* no friendahip 
in buwnes*. 'Hit* i« a hard saying, and it is not 

S uite true. There i*. there must be, and there 
I way* will he friendahip in business. The 
relation* of buyers and seller*, their obligations 
towards each other, and their frequent inter- 
course begin in mere acquaintanceship, but, if 
founded upon mutual respect and esteem, often 
ripen into friendship. But there is a half-truth 
in the statement that there is no friendahip in 
buahMO*. Ko man should let his business suffer 
by re sson of friendship. His liking for a fin a 
or for its travelling representative ought not to 
cause him to eont nue his patronage of it if hit 
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business interests would be better se r ved by 
changing hie market. Other thin gs being eonak 
business pre f er ence should, no doubt, follow 
personal preference, but to purchase from a 
friend at a price ten per cent, higher than that 
demanded by another house is equivalent to a 
gift of ten per cent, of the price of the package, 
unless there are compensating advantages in 
credit terms, delivery conditions, or quality of 
grxxU. 

Terms of Payment. There is another 
department in merchant buying, or, indeed, in 
private or personal purchases, to which there is 
urgent need of attention. We refer to the terms 
of credit and payment. Some shopkeepers pride 
the marl res upon having no outstanding obliga- 
tions. They pay for the goods they receive 
whenever they have hewn placed in store. Un- 
fortunately. *uch men. as every manufacturer 
and wholesale merchant know, are relatively few 
compared with the total number of shopkeepers. 
Error too frequently lies at the other extreme in 
the manner of payment. We shall consider the 
laggard* later. To the 44 spot cash 41 men, the 
men who believe in immediate payment, we may 
put the query : 44 An? you sure that you always 
get value for your promptne** ? ” When the 
terms are three months' credit , the man who pays 
cash for hi* purchases without a special cash dis- 
count is not acting fairly to himself. He is 
unduly gincrou*. Money is worth something. 
Even the use of money is worth something, 
and it tdiould lie the business of the alert shop- 
keeper to get that value in return for money 
pah! before the laUwt date allowable under the 
contract of sale. Very often tho inducements 
offered by manufacturers in tho way of cash 
discounts an* inconsiderable. Especially is this 
so when the purchaser is of established credit, 
an i the scllt r ha* more than enough money at 
command to serve his immediate needs. In such 
a case tho purchaser should take his legitimate 
limit of credit. Only when the monetary con- 
sideration makes it worth his while ahould 
a purchaser pay liefore the account is properly 
due. 

Thu Value of Cash Diacounta. The 
vast hulk of commercial business is done by 
those buyers who have established themselves in 
the confidence of their merchants, and who run 
accounts varying with the respective customs 
of trade. 

We do not at this moment dissM* the body 
commercial and investigate the credit terms 
usual in the various branches of shopkeeping. 
We merely urge the principle which ahould decide 
the mode of payment when them is an option on 
the part of the' debtor. 

Let us assume, for the purposes of Qluttratkm, 
that a merchant purchaaes goods to the average 
value of £50 per month from a certain manu- 
facturer. He runs an account which he settles 
regularly ones in three months. These am the 
usual terms in tbs trade, recognised ee con- 
venient by both partita. But it may happen 
that by paying monthly the porrhsam could 
•eeum per cent, higher d i sco unt . The Inrun 


MftTfal Ml Arm mom ko md 31 prr crmi. m mMy, 
or for eomL 0 $ Arm momtkf mccomoi sad 5 per 
<ML mmmtMf, Both pncticM ptvnil in several 
cUiei of pood*. In either cm* the man who 
aooepU the monthly term* pari 24 per cent- 
lam than ha who take* the full three month* 1 
term*. 

In the cam we selected for illustration — an 
account averaging £A0 a month— the extra die 
count received during the twelvemonth would 
be £15. What ha* the buyer done to earn this 
money ? He ha* merely employed £100 in what, 
divorced from the aaaociation which led up to it, 
would constitute a simple money-lending trans- 
action. Consideration will show that more than 
£100 is never employed at one time. The result 
represents, therefore, 15 per cent, upon the 
money employed. This is the actual cash value 
of the earlier terms of ftayment. The cane sv 
have considered is a modest one — an account of 
£600 a year. If the business purchased, say, 
£6,000 worth of merchandise per annum, and 
the system of earlier payment with its accom- 
panying higher cash discount were made to 
supersede the longer credit over all the accounts, 
the saving in hard cash would be £150 per 
annum. 

In a modest provincial centre many businesses 
purchasing goods to the value of £0,000 a year 
are run on a rental of £150 per annum, so that 
in such a case the introduction of paying for 
higher discount will pay the rent of the premises. 
Even if hankers' arcomnu slat ion wen* mi'esoary 
to give the ability to adopt the system of enrliei 
payment, and, sav, 6 |»er rent. liad to tie paid 
for the advance, die gain would still lie with the 
buyer. Experienced buyers are often astonished 
when they make a scientific examination of the 
subject of credit and elicit the real fac ts. 

Laggard* la Payment, The one thing 
the student of this course should set his face 
against from the beginning is the habit of the 
laggard in business, particularly in the matter of 
payment. For one who lags tichind by misfor 
tune then- must, of course*. Is* profound sym 
pathy. Sometime* the circumstances under 
which he pursue* his career art* beyond his own 
control, and non -success is his misfortune and 
not his fault. Often, however, them is some- 
thing wrong in his system of business. To 
the laggards who are in straitened circum- 
stance* through trading l«eyond their means we 
can only point out the risks they are running 
The higher the flight the greater will he the fall ; 
and much genuine business ability has passed 
through Carey Street merely through misjudging 
the strength of wing. When credit is always on 
tendon, it is nearer the snapping point than when 
it is carrying only a normal strain. The outer 
side of the wall of busiraws success is strewn with 
the remains of ** vaulting ambition which oVr- 
leaps itself/' and is hurt by it* fail. For the 
l**M*rd» from choice, those who can pay hut 
who put off the hour of reckoning indefinitely 
or altogether, we have no word. We reserve 
onr advice for those who are their unfortunate 
creditor*. 


Stoct4s»plfi| The second great depart • 
ment of shopkeeping which we set out to discuss 
is stock ^keeping, TTie general principles which 
ought to apply to the keeping of stock may he 
summarised in a few rules, upon each of which 
a commercial sermon might be written Every 
scheme of stock -keeping should consider — 

1. The accessibility of the articles. 

2. Their display when desirable, 

3. Their arrangement, so that when stock is 

low the shelves do not look unduly thin, 
nor when big are they confused 

4. Their arrangement so that shortage* may 

be seen with the least ponstlile delay and 
trouble, and so that stork may he takes) 
with the bast possible laltour. 

When a stock is large and varied, spreading 
itself over several warehouses or flats, it* arrange- 
ment is a difficult problem. The difficulties are 
greatest when the business is too htg to tie handled 
conveniently as a small concern, and yet not 
large enough to arrange in distinct department* 
An arrangement which gives immediate acceaai 
bility to stock is also difficult when the business 
is one in winch both wholesale and retail trailing 
are carre-d un and such businesses are nume- 
rous in the provinces. When the retail depart 
ment is so small as to lie almost negligdile, and 
the locality not promising for its development, it 
may sometime* U* well to leave stock keeping 
under the system most suitable for tho wholesale 
trade. ltiii where the retail side is important 
or deserving en courage ment, mqiarato st«sk for 
the retail trade should Is* kept 

Spoiled StocK. The fundamental differ- 
••nee U*tw«H>n wholesale and retail stork keeping 
im that in the former displayed *t<*k is 
unessential, even undesirable, while in the 
latter displays! stock or samples of 

strs k are a most im|s»rtanl factor in inducing 
sales In a retail trade, further, the different 
article* should Is- stored so as to be ready at 
hand. The particular traile rnnfvmwl, the 
nature of the stork* and the limitations of the 
business premise* must determine the c*imt to 
which this ideal principle call be carried into 
practice. 

The tarnishing of stock constitute*, in aome 
tnsloi, a considerable burden on the husineas 
It arise* from several causes as, for instance, 
the natural dampness of the premises, which will 
make iron ami steel artichw rust, brass goods 
ts-rome Mark and many fabrics rot ; the too 
long exposure to the sun, which will spoil dyed 
dres* stuffs, chocolate, confectionery, and many 
other article* of merchandise ; and even the mere 
action of light, which will perish india-rubber. 
How the dead charge for loss by shop-soiling may 
be reduced depend* entirely upon the nature of 
the trade. N'o royal receipt can \m given for it. 
Constant vigilance and forethought must lie 
brought to hear in attempt* to keep down this 
charge, and, so far as concern* the general prin- 
ciple* of the question, that i* as much as can be 
said. Several of the cautions applying to parti- 
cular depart menu of trade will I m set down as 
we consider the various trad** themselves. 
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trade* thwe arc time© at 0*© jwar when stock 
in hwivy, and other periods when thin 
wv the aim of tb© ©arrful buyer nod stock 
keeper. Particularly m those trade© subject 
to g reat variation in th© quantity of stock, 
attempt* should 1 m* mail© to obviate th© evil 
effects of the MtrriDH, If accommodation be 
arranged on the tower banis, the periods of 
heavy stock* bring confusion. Th© shelves, 
bin*, drawer*, or other receptacle©, cannot 
expand, and odd to mem must be found for 
surplus atork away front goods of the aame class. 
At the other extreme the emir objection ia from 
the point of appearance, Thin ahetviw have a 
poverty-stricken aspect that repel* a customer. 
Kven if the atork is. perforce, thin through 
straitened fund*, it i* well to disguise the fact. 
M Annum© a virtue, if you have it not " in often 
a legitimate piece of counsel, and oliedienee to 
the precept a proper proceeding. Tlic accommo- 
dation for stock nhould lie framed on the larger 
seal©. One may get a email bov into a man'* 
garments, but the man cannot (tide lumnelf in 
the boy’s clothes. JClaM irtfy in any system of 
ntock 'keeping tn something which nhould lie 
nought. Them are several mrann to itn attain- 
ment, although every man, in applying the* 
principle to hin own needn, niiint In* the judge of 
the individual factor© requiring consideration. 

Shop*flttlng. I«ct tin take the buninean of a 
CJentlrman’n Out fitter an typical A nelection of 
stork l»nxen or drawern tilling the shrive* in the 
moat convenient system of stocking Jt in never 
apparent whether the tm*©* an* full or empty, 
no that the thinness of the Mock in never evident 
when it in low, and if the boxen or drawer* are 
numeroun enough for full *tf*ck© we have 
elasticity to itn ideal extent. Tlic orionsihtlit v 
of ntm'k, ii|k»»i which we have already hud stress, 
tn another feature of nueli a scheme. T1m>jv are 
nutuoroun other trade© to which the name prin- 
ciple may hr applied, though unually in a It*** 
degree. Tlie drajier. for instance, the iron 
monger, the boot maker, and many other shop- 
keepers. are modifying the ahelf- arrangement hv 
the replacement of pareeln by stock box©© or 
drawer©, ami the l«en©fit© of the improvement 
redound ujnm l*>th the purchaaer and the 
merchant. More rapid attention may lie given, 
a amaller numlier of counter aaleamen if adequate, 
and the stock »» better kept. 

Stllltlf. ‘Among the qualification* which 
go to make a successful merchant that of wiling 
i* the chief. Tlte functions of buying and of 
stock 'keeping, however excellent m their systems 
and conduct, are barren of profitable result unices 
they arc rendered complete by a soooeasful selling 
department It is easy to buy, but even if the 
right gooda be bought at the fight price*, an m- 
sufticieatiwhtng croon isaticn will rob th© buyer and 
thestock keeper of the proper fruit* of tbeirUbour. 

Naturally every merchant desires to obtain aa 
high prices a a passible for the merchandise he 
handle* without unduly curtailing sale*. He 
strive* tn do aa large a trade aa he can without 
inviting custom by sacrificing hi* legitimate 
» 7 * 


profit awl Mrttnderiag the principles which 
should guide him in determining hi* prices. 

There is greater danger in eeUtng too eheapty 
than in framing prices on too high a scale. 
Young merchants and young firms are too often 
prone to M slaughter M prices, to the annoyance 
and loss of the competitors whose custom they 
arc trying to alienate, and often to their own 
ultimate undoing. There is a limit of cheapness 
below which business is not worth having, and 
every merchant should find out where this limit 
is in his own case. 

He should be able to tell exactly what are his 
working expense* or dead charge*. If he buys an 
article at 20*. and sells it at 20*. he has not only 
not made a profit — be has incurred a loss. It 
should lie an invariable rule in business that 
every sale should represent in profit not less than 
itn proper proportion of working expenses. 
Working expenses vary in different trades. In 
a large gitxvry business they may eaual only 5 
per cent, of the turnover. In a small chemist’s 
business t hey may be fit) per cent. And here we 
may consider what are working expenses. 

Working Expenses. We must draw a 
clear line lietween the cost of goods and the 
working expense. The former includes the 
money paid for the g<*ods, the cost of carriage 
and of package*, and loss by deterioration. 
Many merchant* consider as cost price only the 
money actually jwid for merehandim*, reckoning 
the items of carriage and deterioration loss as 
working expense*. Tin* i* wrong. Merchandise 
is often purchas'd carnage j»aid to warehouse, 
and other good* are bought carriage forward, the 
amount of carnage depending upon the nature 
of the good*, the classification under which they 
come in the Kail* ay Companies’ regulations, and 
the distance they arc transported. To art upon 
the principle that this charge is a working 
rxprn*** ik to as****© twice over goods that have 
l*'cn purchased carriage paid. ami to release from 
part of t heir projier share of the charges for tran*- 
imitation article* upon which carriage ha© been 
paid upon delivery. Carriage should invariably 
tie reckoned in cost price, ami for goods that are 
marked on the shelves or in the drawers, the 
carriage should be included in the cost price 
marked upon them and the selling price arranged 
with this as a basis. 

Apportioning the Cost* Assume that a 

clothier receives a consignment of cloth, the 
invoice price of which is £50, and that the 
carriage has cost him £2. Assume, again, that 
tbs price of the cloth per yard is 4*. 2d. It 
has cost 2d. to bring each yard in the rolls 
of cloth to his shop, and the cloth ought to be 
marked as having cost 4s. id. per yard. The 
ideal system of apportioning carriage-cost 
should also take into consideration differmoet 
of balk and weight in individual articles. 
Where the package of goods received is sc 
mixed up the system of adding the absolute!} 
corre c t proportion of carriage charge bccomci 
impracticable Some of the articles may tx 
bulkier or heavier in relation to value than other 
and ought, therefore, to he made to carry i 



Wft of flit tm»|»ofUtk« chirjr- But 
to work out the proper proportwo U» it* comet 
mathematical olor m not possible, and it U 
well to tieot the content* of one consignment 
a* if the difference* mentioned did not exist, and 
to ** *** * each article upon the carnage expense 
in regard to its money value to the « hole package. 

We hare mentioned lens by deterioration a* a 
charge which should be reckoned in # costing 
This depends upon th' particular trade. When* 
the loss by pemhin^. tarnishing, or going out of 
fashion is fairly uniform over the whole stock, 
it may he reckoned as a working expense. As 
typical of the justice of treating dete rioration as 
part of coat price, we may instame the straw- 
torriea r-nd other fresh fruit sometimes sold by 
grocers. Should a stork of this fruit be left on 
hand on Saturday night, it will probably U* 
unsaleable on Monday morning. It woubl not 
be iu*t to spread this hiss over all the groceries 
wild. The fruit should he sold at such a price 
as will, after paying for the* loss by perishing, 
leave a profit on the whole quantity of fruit sold. 

Working Expnnaoa Do fined. Work- 
ing expense* may Is* defined a* the cost of 
running a business. They include w agt** of sales- 
men and other rmjtbty/^ rent, tnx«*a, light, heaK 
paper. string, office expense*, tuul debts, pos- 
tage*. ail vert is mg. inter***! on capital, and 
salaries of principal or partners. Thm* last two 
items — interest cm capital and salaries to owmers 

are frequently omitted from the reckoning of 
working expense* by private trailers, but they 
should always be included. The money invested 
would, if invested clscw here, have earned money, 
and the service rendered by principal* in a 
business should also be remunerated apart from 
the interest upon capital. 

If the business be one in which the working 
expenses amount to 20 per cent . of the turnover, 
the cost price of any article should Is* increased 
by 25 per cent, to ascertain the gross cost prut* 
total cost, including working expense* 
There is frequently disaster in business from the 
practice of reckoning percentage* upon cost at 
the same* rates as percentages on receipt*. It 
may lie argued that the term profit correctly 
means profit on cost, but danger lurk* in adopt - 
ing cost as the basis in practice. Kxpcnncs are 
calculated on turnover, and the difference 
between a given percentage on cost and the 
same percentage on turnover should bo clearly 
recognised and allowed for. 

In some trades a considerable business is done 
in articles which are not put into stork, but are 
merely ordered from the manufacturers direct 
for customers, or sent direct to purchasers when- 
ever they reach the merchant. These do not 
build up the working expenses as ordinary stock 
does, sad it is reasonably considered that they 
may be sold even if the prices received for them 
do not re pr esent in added profit the average 
proportion of working -ex pease charge. This 
practice is permissible, bat it should not be 
indulged in except when necessity demands. In 
any case it must not be forgotten that the sale 
of such art trios without the addition of the full 
proportions of working expenses raises the work- 


ing-expense charge, which should be added to 
goods sold from stock in the regular way. 

Sailing hist hod a. The shopkeeper who 
would make his w ax* to sucre** must ini press and 
attract the public.* and the methods by which 
this is attempted ait* as diverse as human in 
genuity can suggest. In the window of a shoo 
keeper in a London suburb there is prominently 
displayed this legend--" No order too small for 
our attention, none too large for our execution.” 
This is calculated to impress the stranger, and. 
if the shopkeeper who exhibits it is ss syste 
matic ami elite rprismg a* the sign would lead one 
to suppose, his success »* not a matter of doubt. 
The announcement i* much more than merely a 
catchy advertisement. It expresses in thirteen 
words the fundamental principle of busimws 
success. The man who i* " sii)s*nor " to attention 
to smalt thing* i* frequently surprised to discover 
that lit* i* considered too small for big things 

The methods dcvi*rd for attracting stronger* 
to the counter include shop and window di* 
plays, price-cutting, the marking of oil good** 
with plain figures, jienndical salt**. catch |s*mty 
lines, press advertising, and circular dmtrihutiun. 
Some of the*e subject* are so large in t bruise ) vcm 
as to deserve *|**eial treatment Shop and 
window display* and advertising will Is* dt* 
cnaocd at length later. The other matter* we 
may deal with in a few word* lien*. 

Price-cutting. Tim practice of prune 
cutting has Uthiiio so general and so vexation* 
that Hhopkec|**r* have re Mini No trade i* 

sufficiently united to suppress it, but action 
in attempts to overcome the evil has U*en inani 
fested in two ways 'Hie first is 
The cutting of price* is practised chiefly m 
widely ad vert i *4 h I articles of large soli* jartent 
medicines. for instance Suletitntc* os nearly 
as jasouUu resembling the . dvcrtiscd articles 
an* manufactured and sold msfcod of them 
whenever poM*i)»le. 'Die merchant cannot. Is* 
Mamed for attempting to provide substitute* 
provuhsi that then* is no deception prorti*cd 
anil that the customer knows what he is buying 
Both the public and the manufacturer are rather 
given to consider the n*tail trade as a oh i lan 
thropic institution established for tlieir Vsnefil 
and not to yield livelihood* to its meml*<rw. 
The other result of price-cutting is the spread 
of tlu< principle of price mantirnanfe. Tin* 
means that manufartun*rs sell their sts*cialitie* 
only on condition that a minimum wiling price 
be maintained by distributors. Naturally, mer- 
chants encourage manufacturers to adopt jiricc 
maintenance, and would be foolish in their own 
interest* if they did not neU price* maintained 
articles in place of those m which there is un- 
bridled license to cut prices. 

Price -cut t ing is acarcrly defensi l#U» . Whether 
it be a magazine or a box of pills, the retailer 
deserves his profit for the part hr has played in 
acting as intermediary between the manufacturer 
and the public. Retailers suffer from cutting and 
retailer* only are responsible for it. rnfortunatcly, 
it is the irresponsible members of the merchant 
class who have given the practice its strong bold 
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THE PLACE AND INFLUENCE OF ART IN LIFE 

By P. G. Konody and Haldane Mac? all 


THERE is no entirely satisfactory definition of 

• the ns tun* of Art. Hiilosophcrs, writers on 
SSI the tic*, and art histormits have tried times 
without mitiiU'r to confine its functions within 
narrow limits, or to express with scientific pre- 
cision tiie essence of art in a simple phrase. 
Others, like tVnmt Tolstoi, have devoted whole 
volumes to the question, “ What is Art ? " 
without arriving nt a satisfactory conclusion. 

The most widely-spread fallacies a re, that art 
is exclusively concerned with beauty, and that 
it is necessarily a transcript of Nature. It is, 
in fact, a language for expressing human 
emotions, hut this definition doe* not com- 
pletely cover the ground. The creation of a 
true work of art entails a state of exaltation, a 
pleas urs Mr thrill, in its originator — a thrill 
which is communicated to the tiehoidor and 
produces an equally pleasurable sensation that 
raises his mind into spheres far hevond the 
matter of -fact details of everyday life. The 
function of Art is, therefore, to introduce pleasure 
into the life of everybody, and a knowledge and 
appreciation of Art is necessary for the complete 
enjoyment of life. The more the student 
advances in this knowledge, the more intense 
will be his enjoyment. 

The Laaguift of Emotion True, 
much that, whilst lie was in ignorance, left 
him unmoved, much even that he liked, will 
commence to jar on him : but there m ample 
compensation in the thrill, the incomparable 
delight, that result * from the appreciation of true 
art. Thus the untrained ear may < erive plea- 
sure from the tunes of a barrel-organ. Musical 
education will turn this p l e a su re into veritable 
pain, but the enjoyment of a complex orebe* 
tra! symphony is eo immeasurably increased, 
that musseal education becomes a very distinct 
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advantage The loss of enjoyment is only in 
quantity, the great gain in intensity. The name 
may be said with equal justice of painting, 
sculpture, poetry, or any other method of 
artistic expression. 

If Art is defined as a language for expressing 
emotions, it must lie borne in mind that at its 
lswt it is a vague language, a language which 
suggests far mo c than it actually says, and in 
con-^quenoe stimulates independent thought 
Hence its educational influence. It helps ns 
even to appreciate the beauties of Nature, and 
here, again, increases our powers of enjoyment. 
Even things ugly in themselves are glorified by 
the painter's emotion and selective power, and 
hu can teach us to regard them from his point 
of view. And the increased appreciation of 
Nature reacts again upon our attitude towards 
the work of Art. 

Art mod Human Progress. It is 

unnecessary to enlarge upon the part played 
by Art in human progress. It has always had 
a relining influence, and it is almost impos 
siUe to imagine any great civilisation that does 
not tally with an equally great advance in Art. 
At a time when the knowledge of letters was 
practically confined to monks and a very small 
minority of students, the painted picture and 
the carved relief had to serve as educational 
instruments. The great religious truths, as well 
as history, were taught to the ignorant miHierr 
through the direct appeal to the eye of works of 
Art. 

The exercise of Art is of an essentially social 
character. In the dark ages of the prehistoric 
past man made his implements for a distinctly 
useful, personal purpose. He embellished them 
by the introduction of Art in a primitive Iona, 
to please or to imprest his fellow men. Thus, 
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Alt has ihrtjs boon of n mm ibtnei mid ideal 
dMnettt tun thr mm lit ftHaiian pursuits of 
kttsaaHf* and ha* played an enonnomly uc 
portent function in the development of social 
Ufe and human culture 

Hm artist's life, compared with that of Urn 
prof— ions! man. ie ana must be a preoarion* 
om. But if the youth decides with the reck- 
k— a which ie the splendid courage of youth, 
to be an artist, who shall turn hie cyee from the 
▼iaian ? At least, he sets foot on a career where* 
rich men and poor start with equal chances and 
no favour. But if be would realise the beet that 
is in him (and bv no other means can be achieve 
distinction}, let him st the very start set his goal 
before him ; let 

his goal be high ; 

and let him 

move every step ^ _ . 

of hi* career s 

towards it. lx*t / 

him, above all. . f jT 

not stumble / f j>LU0 

along towards M . * 

vague end*. It ft 

i* necessary to | _v/ 

have, at the very { ■ f vn 

beginning. » ^ # ' v " 

firm grasp of f ? • 

what Art »«;>'• 

only then can we J* ^ * 

discover and 1; ; . 

practise the 1 

simplest wav to 

erv ate it. • A ^ " 

ThsHumto '\Y / k 

Need of Art. ^ " 

The common 

mind thinks of * 

a work of art " 0* . r 

*Iwmh as a pic ’ | 

ture. painted in 1 

oils, and framed 

in gill. But Art ; . J‘ * 

is not a hand ; 5 

some toy for the .* * 

rich to pi ay 

with ; it is a far 

wider and deep- ’ . % 

er thing than m f' > % ^ 

that. Art is al 

most as great a ", 

human need as f . f v. 

Speech. Why ' 

the term arti«t ‘‘ 

ha* come to b • V ’ 

associated with * ’ 

painting in liar- » V . 

tirular it is difft- s 

cult to say. since 

a painter is not . 

in any way a 

greater creator 

of Art than mi a ** ' 

sculptor or a 
musician, or a 

poet, or an tituk’s “ 

architect. Wo Showing Uw Puwcr <4 CcsspoMik 


have here to do with tba Art which moves us 
through our sight* the art of painting, sculpture, 
architecture, and the crafts. 

Whatever be his rsUgiou or hl» phtlosoiAy, 
the most interesting thing to Man is Life. The 
desire to know all he oan know of Ufa is the 
beginning and the end of all hie questioning*, 
of all his acts, of all his adventures, of oil In* 
hopes and fears and sins— nay, bsyond the very 
grave his eyes are fixed on everlasting Ufa. 

The Necessity for Clssrsssa. 

There are two ways in which wa may know 
about Life. We know it by living it ourselvoi ; 
we know of it through the exjiertenoe* of others. 
Now it is clear that even though wa should go 

through tho 

---» — most romantic 

and adventur- 
>>S X nun career, like 

~ ^ "X. a tawnr, a fob 

\ J <t iimbti*, or a 

\ \ Napoleon, we 

£; \ \ shall not know 

\ \ even then, in our 

' '*\ y own selves, a 

hundredth | wirt 
of life um it m. 
v ’e can know 
what the rest of 
the world know* 
and feel* only 
> through some 

means by which 
men can com- 
municate sen 
*a t ion* ; and 
r just aa the great 

[ thinker convey* 

* his th ou g fit 

H through lang 

„ iiagr # «u the artist 

''tjv ‘ ' convey* h memo 

j‘ tion* through 

, ! Art Art, then, 

« i* the mean* by 

$ ^ ^ which trnn* 
h*r emotion to 
other*. 

? „ f * ' Now, it ix not 

? ' L'* j enough to utter 

t * £ ■**.1 a thought to 

j# ! account it 

L ^ ' S|irech ; in order 

J' to give it forth 

i to our fellows 

we must put it 
into such clear 
language as they 
will understand. 
Nor is it enough 
to create an 
emotion to ac- 
count it Art ; 
* ' we must state 

it in a way that 

dUmmri ^ arotMQ 

‘ Asaotmo* spouse in others. 

Showing Us M«r ut C omp o dt km to mxptwm lagan sad Ktattat km whether by the 
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Now, if the student has grasped Hie truth that 
Art in the Emotional Statement of Life, it fill 
■are kirn from two actions mistakes about which 
he must be very clear : Art is not Imitation bat 
Interpretation ; and there is a vast but subtle 
difference between Art and Craft. 

We are all aware tha the common mind 
thinks always of a work of art aa being an 
- attempt to paint things in an exact imitation, 

ho that details in the painting “ look almost aa 
if you could pick them up.” 

Difference Between Art and Craft. 

k Hut this realism has really little to do with Art; 

a photograph may do as much. It is neither 
* lor nor against its Art that the imitation should 

he so perfect as to deceive the eye ; the artist's 
only concern should be that he so painta the 
object as to convey the general sensation that 
the object gave him. and the student will find 
early in his experience, for instance, that very 
often this detail and care spoil the general sense 
#»f bis picture to a strange and uncanny degree, 
and that he has fogged the whole scheme in 
order to be true in little things which, at the 
end, have an untrue relation to each other and 
to the general idea. He has tried to imitate a 
thing instead of suggesting an impression of it. 

It is ini(Jortant to Is* elear as to the difference 
between Art and (Vaft. We have seen that, as 
Njieeek is the statement of our Thoughts, Art 
is the statement of the Emotions. Wo have 
seen also that it is not enough to have uttered a 
thought to account it Speech ; it is vital that 
the thought should be so perfectly uttered as 
to arouse a responsive thought in the listener. 


H*nf**n*l 

1H K HAJKSTIC t SK or LINK IN AHT 

* A >'-«••! »l#‘l |ImOv.** l«)r \«>iftJM|Ur« thosilis ihtf IMS' ftC 
llnr to (itc » tmitr of v 

m*e of words in prom* or verse when we call the 
art Poetry, or by sounds when we call it Music, 
or bv. colour when we call it Painting. Art is 
the language of the emotions, the vehicle by 
which we transfer an emotion to others, so that 
they feel it as we have felt it Thus, by Art we 
can tie math* to feel fear or love or pity or hate 
even if we have never l**en l*rought into per 
sotial touch with mum* of tliem* human m'lisations. 
When Dtcketi* takes us through the mradoww, 
and we walk with Little Nell, entering into the 
child's heart and feeling akin with her. we an* 
experiencing teal emotion conveyed bv Art. 

Tht Un of Colour. As, in musk*, certain 
sounds produce melancholy and others pleasure, 
so in Art wv use gay colouring to give a sensation 
of gai t v. sombre colours to give solemnity, and 
so on. We can use these colours in majestic 
lines to give a sense id dignity, or sv can use 
them in a demeaning way to give a sense of 
littlenc*!. And thus, by usingt colours in their 
most proper way, to fit the idea we wish to 
express, and by using them in their most telling 
forma, we can paint on a canvas so that others, 
looking at the painting, can be made to feel the 
am of a thunderstorm, the pathos of tears, the 
joy of the hunting *M& or the subtlest sense of 
dm haunting sadness that links in the twilight. 
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Otherwise we an bet in * lower of Babe*. And 
bi the mam way it ie not enough to have ut tried 
an emotion lo account it Art ; it m vital that the 
emotion should be ao ottered as to aroiwr a 
rrsponeivc emotion in the onlooker. And* just 
aa thought ia the more easily understood the 
more simply it is exp ressed* so* the emotion most 
simply e xpre ssed is the most likely to have its 
effect 

Mastery over Tools. This perfection, 
or beauty of handling, by which Art w 
expressed, we call (YafUmanahtp. It must 
he abundantly clear that the greater mastery 
the student acquires over the tools of hi* 
craft the more easily and the more beaut i- 
fully will he he able to express the emotion*, 
whereby he will create a work of art. Still, ho 
must never forget that this beauty of handling, 
which is craftsmanship, is not anything else hut 
craftsmanship, and ha* not produced Art of 
itself. Art mtud create ; it must transfer the 
impression of a 

sensation or an r- — 

emotion to others. 

A woman may lie 
very beautiful ; she 
is not Art. Beauty 
is not Art, nor Art 
beauty. But a 
(winter may paint 
a beautiful woman 
so that her picture 
affects us emotion 
ally with the same 
sense of charm a* 
the woman herself ; 
then his painting is 
» work of art. CYaft, 
let us understand, 
is that beauty of 
treatment which 
creates a work of 
art, but Art itself 
is not necessarily 
the creating of the 
sense of beauty any 
mom than the creating of any other senna lion ; 
it is as much concerned with ugliness ; it hat 
as much to do with tragedy as with comedy, 
with laughter as with pity. 

A Mischievous Ides. There is one 
great blunder against which the student should 
fternly set his face from the stArt — the 
widespread and mischievous idea that Art 
is a luxury and only for the rich, that the 
rich and the elaborately educated have some 
peculiar understanding of Art that is denied to 
the ordinary person. Art is not a luxury ; it is 
a need of the human being, and only in propor- 
tion as Art is simple and Urge and widespread 
in its appeal can it be great and far-reaching. 
Let ns take the art of words, and the best known 
example of it in the world The 
Je ua are among the noblest works 
appeal cooes to the prince and the peasant — nay. 
to the very child We are swayed, indeed, a 
damn times in the day by our emotions and 
htftinrta» as against a single act springing from 


mir reason. The power of Art is prodigious 
compared with the power of reason. Let us take 
Another example front the art of words. If a 
writer conveys to the world a thought, such as 
that "sailors and fishermen, being by their 
t ailing in near relation to toe powers and myste- 
ries of Nature, are impressed with the works of 
the Orator," he gives utterance to a plain fact 
which leaves the world cold and is narrow in its 
appeal compared with the statement of the same 
fact stated in a picture which reaches us through 
the emotions in the beautiful pasaage : " They 
that go down to the sea in ships, that do Imam*** 
in great waters ; these see the works of the Lml 
and His wonders in the deep.” Here the solemn 
use of the wonts seems to conjure up into the 
senses, a* at the stroke of a magician's wand, 
the mystery and fragrance of the sea and tin* 
hcaman's calling. 

Tbe Prowtncw of Art. Schools and 
cliques have tried to narrow the province of Art ; 

but t he st udeti t 

- - % . must tieware thnt 

the province of Art 
is as vast as lift*, 
whose servant she 
is. The (Ircekft set 
up beauty as the 
ultimate goal of 
Art ; they mill> 
meant that the sole 
object of Art was to 
rreate Is'auty. In 
sculpture Hreeei 
earned this idea n* 
far as human (lower 
could take it, yet 
whilst she created 
supreme beauty m 
th« human form, 
splendid as was her 
achievement. she 
never reached to 
the majesty and the 
grandeur of the 
Sphinx, the won 
drous masterpiece of m nipt ore which stand* on 
the sands of Kgvpt head and shoulders a!*>ve 
the art of (Jreee** For the genius of Kgvpt did 
not concern itself with beauty ; it *|*»nt itself 
upon the majesty and mystery of life, and it 
reached thereby a greater and more majestic art. 

Tb# Illimitable Plaid of AH. Art. 
then, concern* itself with the team and ugliness 
and the gre vne**e* of life a* much as with 
laughter an<f beauty. There is no limit to 
human emotion* ; there i* no limit, therefore, 
to Art. Tiie higher and nobler and more sublime 
the emotion* created by the artist, the higher and 
nobler and more subtine will be hi* art. Shake- 
speare sounded the wide gamut of the emotions, 
from the heroic ambitions of man to hi* moat 
contemptible jealousies ; he reached to the 
topmost heights of Art. What Shakespeare did 
in the art of word* a painter may some day do in 
the art of colour. It is well for the student to 
search the schools and styles of painting for the 
beauty of craftsmanship whereby he may give 
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THU GREEK IDRAI. OF BEUTY: 

utterance to hi# art and bring running to hi# 
craft ; hut hr must atwiyv» rvmefitlicr that in«* v 
lieauty o( painting \t ill not raise him to high 
achievement in art ; It i# only n* 1 m* sucerc*!* 
in setting on canvas the sensation* Nature 
arouses in hitn m all her vwvinn tuomi# that he 
may hope lor name and fame in the yearn to 
come. 

No school of psinfer* i* wholly right ; none 
wholly wrong. Art i# m» narrow garden to lie 
fenced round with little hedge# of style. hut a 
yaat realm of the imagination ; and whether the 
artist attempt to give Utterance to the great 
emotion# that awake him to the majesty of life, 
or whether he a happier in the tender mood# 
that arise like ghostly whispers amid the misty 
reaches of the river at twilight, when the factory 
wharf and dingy warehouse of the workaday 
world change into a way of (airy palace# in a 
mystic city ; whether he be more delighted to 
give utterance to the heroic emotion* or i* more 
stirred b? the beauty of women or the tender 
charm of childhood — he ia an artiat indeed who 
doe* any of them thing* exquisitely or well, eo 
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TWO EXAMPLES IN HCtfLPITRE 

that when we look upon hi* work vm* are mnvot 
by the emotion he saw and felt, which he throat* 
by hi* akill into our understanding. 

Let the student take thin mod serious fact 
to heart. The schools are teeming with young 
men and with young women who hare gone intc 
them with a vague notion that at the end o 
three or four year* they will emerge fully* 
Hedged artiat*, just a* our universities and hos- 
pital* turn out men equipped for the professions. 
The result is that for one man who become* mr 
artist a dow*n sink in the Hood of heart- break m, 
failures. The school* can give us training in thi 
craftsmanship of Art, and they do it well 
though it ia a nice question whether the atuden. 
cannot learn as much by his unaided study. 
Hut whether he go through the school* or not 
he cannot lie an artist until the day that he 
creates — until the day he shows ua how he a ear 
life through his own cyea. No tricks of thumb, 
no scraps from the old masters, will make him 
master. He must have something to say tha 
be can put into the sensitive vision of hi* fellow 
men. 
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The Articles required for the Dressmaker's Complete Outfit 
Materials and Quantities. Drafting; Bodice, Sleeve and Collar 


By AZELINE LEWIS 


’"THE articles required for a dressmaker's 
* outfit are : 

Sewing Cotton. A gtx*d make in needed for 
machine and hand work. No* *24. .to. 40. :*>, 
and HO w ill be required m black and white. 

Siuc. For ornamental stitching and machine 
work. This should la* firm and good, and alxuit 
] |rf. a reel in the price to give 

Tacking Cotton and Tatk Meihcrk. 

Tailor‘8 (,'halk. For marking seam*. 

Twist. For buttonhole* to match the 
material, for fixing hone* and steel* into |st*itioti 
hv fan stitching, cross *t itching on Isinds, etc 
lliat aold on reels i* good for buttonhole* 

Xkkdlkm. From f> to 9 an* useful numlwr* 
for all kind* of work conn eted with tin***- 
making. Xo. 4 "Between*'* for ls*nmg. 

Hooks A \I> Kykh. Tlieae an- required of 
various kind* and sire* for fastening front* <>f 
bodice* Small mantle hook* an* u*ed for 
waist l Mind*. These, like all other ww-wirn-N 
Should lx* gtx*l. a* tho*e sold in cheap packet* 
arc almost invariably uncle** 

Hooks aM» Bars. Them* an* sometime* p»« 
ferred to hook* and eye*, a* the bar* an* easily 
put on. Thev should' hr buttonholed o\er with 
silk, so a* not to show when the Uxlice i* 
fastened 

Placket Fasteners. Them* arc small spring 
fasteners for plac ket owning* in tarunis make* 
Small spring hook* and rings or *ilk hs»p* an . 
however, preferred by many good dressm ikers 
and tailors, a* they are neater and less notice 
able than the former. 

PlNti. Get gixxi ones— short whites an- the 
best. Steel pins or lillikm* are required h»r 
velvet. 

Thimrlr. Whatever this lx* made of it i* 
necessary the indentations should not he too 
•hallow, as if to the needle will he constantly 

^SSwig, Large for cutting out, and small 
sharp pointed ones for buttonholes. A g'*>d 
pair of nail scissors will do for the latter purjxwe, 
Ifa punch be used for the hole. 

Roller. For pressing •earns and A 

cricket bat, round stick, or rolling-pin, of a*h or 
beech, will do for the purpose if covered. 

Single Tracino Wheel. For marking out 

Skirt Board. For tacking skirt lining and 
material together, pressing seams, etc. 

Flat-irons and Ironing Blanket, Iron* 
stand and Holder. For pressing generally. 

Sewing- machine. See Part I. 

Ptnch or Stiletto, for buttonholes. If 
buttonhole scissors are not used, one of these is 
necessary. For the punch hare No. 5 point. 


But tings For the tight inside Ixuid of 
IhkIicc, either *mgle belting, webbing, or satin 
fwvd txdtmg u* used. For skirt hand*, single 
or double Petersham, wide or narrow-, sha)wd 
or straight, and Mitin f«»H«d 1**1 1 mg may l*’ used 

I a te KtiutoN of various width* for lining 
uatMlumd. new teiiing lurtimg*. etc. 

! *Kt S.HI AN B|NI»IN<„ oh (UmoM, For Isine 
casings, skirt loop*. Ac 

WllAl KflONK, lUl.KINETTE, FRATIIEIUtON K. 
Bonk, on Coxekki* Stkkij* For stiffening 
NiMini* of I* si ices, and ho preventing wrinkle* 
Whale lame and fen therf Mine are somewhat ex 
prtlKi\e, but, of course, an* the lx**t. as they 
art- mure pliable and give to the figure. Although 
l hr Mtl*titutc* may !*' made to do g»M*i servile 
if projs-rly prepared Steel* are much used, a* 
they are easier to put in. 

Kim.k Bone The* is very narrow, and i* 
tmed fur e\ eimig or Ineed Issliees, and edge to- 
edge fastenings. 

Skirt Binding. Then* are mnnv makes for 
tin* purjx»«e. but braid. bia* Veliitina ot 
brush binding are the most u*«*d The latter 
is jH*rha j»* tie mi l it can I*’ had til alnewt 

any roloiir ft wear* well, and dirt di*** not 
fling to it a* to brawl 

Jil rK I K*. For the tighl skirt Isold*. instead 
I,f h<x«k* and eyes, if preferred Their use, how 
e\er. i* a matter of taste 

A liftEHH St imi A tires* or l* slier and skirt 
stand, while desirable in the ease of the home 
worker, is quite iieeessary t<» » dressmaker's out 
tit. The expanding dre** ami Ixsliee stands are 
the Unt for the latter, hut an* somewhat rxpen 
*ive Tlic home worker, however, can make 
herself an efficient substitute for a bodice stand 
out of a discarded Isslice, or even a Ixxlice 
lining which fit* well. Sec that the seam* are 
firmly stitched up, clow- front* together securely 
after having removed all hiitbm* or anything 
like) v to make a ridge, sew a pi«*ee round m*k 
ofiening, and proceed to stuff the inside thus 
made till it is firm and well fdled A stick of 
the right length for the middle will make it 
stand better. Sew a piece of cloth or material 
firmly to the bottom and th^n dose armhole. 
The sleeve can also be stuffed in the same way, and 
will lx* found useful and helpful a* an arm-stand 
for ascertaining the length and fit of a sleeve, 
especially if gathered, puffed, or of the orna 
mental kind now so fasnionaMe, and as sleeves 
alter so constantly, it is well to he prepared to 
meet the changes. 

Drear Preserver*. Those will also be 
needed, whilst a pinking outfit can be added, 
but, though uaeful, it »» not an afaaolute 
neomaity. 


Ififi 



Material*. tknmtorkUof the d re s smaker 
mm «o many that a foil lilt a impossible, bat Use 
(©’lowing is a fair average of Use width* of thou© 
non in tee : 

8efge f Fries©, Qsshroere, Voile, and double' 
width good*, 44 to 48 inch©* ifi width. 

Fine-faced Cloth, 48 to 54 inch©*. 

Fancy Flannel*. Delaine and 
Much 'like goods, 27 inch©*. 

Flain Milk, 22 

Washing, or Pong©© Silk, 27 to 

M IfSCltCM. 

Kilk (very good make*), 42 
incbea. 

IMnta and (k»t ton good*, 27 
inch©*. 

Ordinary Katin, 22 inch©*, but 
some make* for mantle*, etc., an* 
double width. 

liberty Katin at-crag e* 48 to 
80 indie*. 

Velveteen. 24 to 27 inch©*. 

Velvet (ordinary for trimming*, 
etc.), 18 to 22 inche*. 

Lining*, lining* ahould 1m 
good. It i* not worth while 
making up a Imdtc© on a poor 
foundation, a* thi* Ntretche* and 
loae* it* *hape, and will never lie 
satisfactory. In thi* *©rtion of 
dr©** making. however, a* in mat- 
erial*. fashion ha* to lie *tudied. 
and of Ute the special make* of 
aateen are largely used for both 
Ixsliec and *kirt lining*. Those 
are now known under various 
name*, *uch a* Roman Satin, etc. 

Tlie lining* which are mo*t 
commonly uned. and which are 
recommended for wear, are : 

BoDICg LiNINON. 

For Serge material* : g*H»d 
Silesia, 38 inche*. 

For !*nnt or Cotton : 

For ( loth : Sateen. 

Ooth. 54 inche*. 

For Muslin, !>elaine : Sateen or (Cambric. 

For Kilk or Katin : Silk t* lie** to use, but 
the better make* of Sateen or fancy 
Sateen, if good, will 
do equally welt For 
light material* the 
light hack* ahould lie 
u«ed. and for dark 
good* black or dark 
back*, according to 
Use colour. 

Him Lumen*. 

For Serge : linenette. 

Sateen, or Alpaca. 

For Velveteen : Alpaca, or ailk-fimuhed 
Linenette. 

For Silk : Sateen, Kilkette, or any other 
corresponding make. 

For Oota : Italian Cloth. 

The question of akirt lining ia, of course, one 
that is answered more or leas by Dam Faehion 

lit 



10 . bodice 

MEAMt'KKM KXTS 


Calico or Silesia. do. 
30 inch©*, or Italian 


Sometimes the Airtt are lined throogboot ; then, 
again, she decrees that they s h al l be made on a 
separate foundation, secured to the skirt at 
waist. For transparent materials, voile, and 
such like goods, the latter is by far the most effec- 
tive. Cloth sad other materials may be unlined, 
but in the Utter case many tailors and dress- 
makers prefer to line 
the front width. Some 
materials, like silks 
and good woollens, 
should be cut some- 
what larger than the 
lining, as they shrink 
slightly when cut. 
Ordinary sateen, if 
used for bodice lining, should be out 
the reverse, and not the selvedge 
way of the material, as by so cutting 
it brings the selvedge or warp 
threads aero** the pattern, and it 
will not stretch quite so much as 
when cut in the usual way. 

SnrrKNiBO Materials. 

Oinoline Muslin : A coarse, 
strong muslin for washing 
materials. 

Buckram and Tailor's Canvas : 
For stiffening collars and cuff 
part of sleeves. The Utter 
is the most used. 

Horsehair Ooth : For skirt 
liotlom*. 

Bias CVinolette : For stiffening 
bottoms of dress and under- 
skirt* according to fashion. 

Average Quantities. It often 
happen* that a dressmaker is asked 
the quantity required for a costume, 
bodice. Mouse, etc., and the follow - 
ing list of quantities required for 
the plainer garments may be found 
useful to the beginner : 
plain dress of print, 27 inches wide : 




For 

10 yards. 

( ashmen* and double- width goods : 6 yards. 
30 and 38 inch material : 0 yard*. 

For a plain walking skirt of material 44 inches 
w ide : 3| to 3} yard*. 

CircuUr skirts, 48- inch 
good* : 3 yard*. 

Pleated skirts, 3] to 4 
yard*. 

Bodice with basque, me- 
dium sise : 2 to 2} yard* 
of double width material 
Bodice without basque: 
1 1 yard*. 

Bodice lining, 36 inches 
wide : If to 2 yards. 

Plain shirt- blouse, 27- inch material: 3 yards 
Blouse with full sleeves, 22 or 27 inches wide 
material : 34 to 4 yards. 

Gathered with full do., do. ; 4 to 5 yards. 
Eton coat, da : 1| yards. 

Fnmisn Moose, or c oat ee, do. : 2f yards. 
Not*. Materials with an ep and down. 


('oijlas neasiskmextr 



either of pile or pattern* cannot he an 
noonomically a» those without* as the pattern 
cannot be termed, and each 
piece must be the right way up 
of the material. In the caae of 
re! vet or velveteen even more 
must be allowed, as each piece 


usual 


% 


it separately 
r. is fully she 


This 
ully shown in a 


must be cut 
last* however, 
later diagram. 

Prills akd Ploi-ncrs will add 
to the quantities given above for 
skirts, these depending on the 
number, style, and width of 


For Kilting about three times 
the width of skirt is usually 
allowed, and as this is cut on 
the straight, the necessary addi- 
tion is easily arrived at in this 
wav. H » /our- inch wide kilt i* 
to Ik* tie* ornamentation, then* 
would Is* nine strips to the vacd, 
giving about 10| yards for kilting, 
and the width of the skirt will 
decide whether this is too much 
or too little. 

Gathered Frills an* a little 
more difficult of calculation, as 
these are cut on the cross, but 
27 inch goods will give a ort***- 
way strip of alsnit one van! across the 
w'idth. The corners, however, ean all 
used, but 
the short *r 
lengths 
should lie 
joined in 
with the 
longer ones, 
so as to avoid // 
many seann 
coming to. 
getlier. 

For Cross- 
way Frills 
one and a 
half to twice 
the width of 
the skirt h 
usually al- 
lowed. The 
quantity, 
hotrver, de- 
pends very 
much an the 
material 
used, and 
for thin or 
flimsy stuff 
even more 
may be al- 
lowed. 

For Box 
Pleating, 
about three 
timea,andfor 
Double Bor 
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full 

Is* 


Drafting 
Collar, h 



DRAFTS no TH* a nnex 


The Balayeuee, or silk frill, is 
generally cut on the cross and 
gathered. If straight it is kilted, 
me edges being pinked in either 
case. If kilted, it is cut on the 
straight of the material, the make 
of the latter deciding whether it 
should be cut selvedge ways or 
across, but it usually wears out 
quicker if cut the former way 
About two yards of silk will 
make a cross way frill five inches 
wide for a skirt three anti a half 
to four yard* round. In this 
every little 1st of the silk can 
Is* used. 

When ail the pieces an* joined, 
unite the whole in a circle, l**»ng 
can* ful it is not twisted and t lint 
all seams an* on the wrong side 
Press them, fold in four, and tack 
the four thicknesses together Sts* 
that all the edge* an* perfect tu- 
reen. rutting tiff unevennesses ; 
it can then Is* pinked at a charge 
of about Id. for thn»e yanls 
I'ndrr takers usually do this, but 
it rail Is* done at home with the 
necessary tool*. 

of flodlct, SImvc, and 

iw so easy nowadays to buy a 
4 pattern of 

( t /\ any sure, or 

/ to get on * 
rut , that 
many know 
n u t h i n g 
whatever 
atsmt elraft 
mg one from 
It) *’M ii r e 
meitts. )mt 
the ability to 
<h» so is al 
mo tt «Hww*rt 
ttal toanyorir 
aspiring to a 

( trotierknow 
edge of 
dress mak 
mg 

There an* 
many sys 
terns of laid* 
ice drafting, 
but the fob 
\R lowing is 
1 adapted 
from x 
French one, 
which we 
have found 
to answer 
perfectly, 
both in cut 
an 1 fit, with 
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the Addition*! advantage of being ewy to 
understand. It t* based on the following pro- 
portion*! division* of half the bust measure- 
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mrnt. via. : 
third, tuxt 
mix (h, end 


hnf/, one* 
third*. r»n# 
tmr tuy Ifth. 
the others Ijcuiji BihhIwI 
to obtain correctness of 
outline and fit. 

Wry few figure*, 
however, ivrv Absolutely ^ 
symmetrical, the Juno V 
like tyjMi existing mon* 
often m the halls of 
»tat uary, or in an art ist V ^ 
imagination than in real ^ 
life ; but the dev iat ions C* 
from tlie aIkivp pro 
portions of the mess, 
u cements, which in most 
esses should he very 
slight, sre easily surer 
tabled and arranged for 
In this shape the hsrk 
edge of the second dart 
comes more or less on 
the cross, the difference 
being clearly seen in 
diagram 29 [See also 
TaIUMUKU.) 

A good dressmaker, 
however, whether ama- 
teur or professional, 
should study vdl the 
figure she has to deal 
with, so as to note any 

m 


peculiarities which may assist her in drafting 
and cutting out s bodice, either from measure- 
ment or from a pattern, and so do much 
towards obtaining that desire of a modiste, 
“ a perfect fit.” 

The Messursmsntft. For this 

the following are needed : 

1. length of Back. 

2 Bust measure. 

3 Width of Back, continuing measure to 

elbow, thence to wrist (the two last are 
for sleeve). 

4. Size of Waist. 

:» length of Front to Waist, also marking 
Bust line. 

fi. Neck measurement. 

7 Hip measurement. 
k length of Front Seam of Sleeve. 

1». Size of Klbow. 

10 Size of Hand (closed). 

T}»e two first may be called the primary or 
cMsential measurements, a* within the rectangle 
formed by them tin* bodice is drafted. 

Take these measures, 
as shown in the accom- 
panying diagram [19]. 
No. 2 should be taken 
rather loosely. No. 4 
closely. No. 6 should be 
easy. To get the waist- 
line, fix a tape (or a 
second measure ) securely 
round the waist, when 
it will fall naturally into 
the proper line, and 
will thus give a definite 
measure for Nos. 1 and 
5, which are both very 
important, and the ave- 
rage eye is not reliable 
enough to be trusted 
for the purpose. 

Before proceeding 
with the drafting, have 
the measurements 
clearly written out for 
reference, also the vari- 
ous divisions of the 
bust measure under con- 
sideration. 

The bodice in the dia- 
gram [ 19 ) was drafted 
to an lK-inch measure- 
ment. the necessary 
division* of which for 
drafting and explana- 
tory purposes ate — 
J » 9 inches ; J = 6 in- 
ches ; ) « 12 inches ; 

1 » 3 inches ; and A * 
1} inches. 

Remember only ho// 
the bust measure is 
used, as only half the 
bodice is drafted. The 
above would, therefore, 
mean a 35- inch full bust 
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mtmmi. Half Urn 
waist ndnuck mmmmm 
also would be uaed. but 
the full imfth of bark 
most be taken, u will 
readily b» understood. 

The Drafting. 1 a 

the following drafting 
the proportional line* 
am marked in their 
alphabetical sequence; 
those for the shaping 
of the bodice are num- 
bered in the order in 
which they should be < 
taken and drawn ( 22] 

Line* A-B and C~l> 
are formed by length 
of bark, plus half an 
inch for neck curve of 
hark. 

.4-7) and B-C are 
each half bust measure. 

B-F and C-K : 
Length of basque. 

The length of the last 


Cut Edges 
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Ttw length of the twit It " ^dt EdfffS 

lines depends entirely 

on taste and fashion. * 26. ctrmim thk hi.ekvs 

B-C : Waist line. ^ n 

A-H and H~l are each j of ^ ^ ^ • 

Inert measure. ^ • 

A -*7 , | of do. \ w, ^ "**" \v 

/-A', 4 of do. \\ \V> 

L~M. I of do \\ S | J 

The last, however, should .1 | — — . 

not be drawn till the front 11 | | fj 

shoulder is done, as it is deter- |I ''“’’jvf 

mined by the position of this. „* ^ ij j /\ jV 

A ~G, 4 of bust measure, less \ ^ / #1 

\ an inch to allow for curve. \\\ ** I /| V 

.1-1 is 4 an inch. ' \ . A . 1 / i 

ff to/: Width of back (f of ^ 1 * A i * /| 

bust measure). I / A / 

/-2 » I } tix-h. V 1 / / I I I /I 

This measure, however. . I / J f I ' . 

varies, according to the die- * I. . J I * /I 

tales of fashion with regard / /. | I 

to long or high * shouldered y // .1 I I 

-fleet-* /// /\ ,1 f 

*2-3 is 4 an inch ; draw back \ l/ \ / | 

curve, then from 3-f? for ^ ^ ^ vtl -luJ . 
shoulder (hollow this out J of **" *—■ — «• • 

an inch afterwards, as shown 26. bamtcco MWiao ami material 
by the broken line). together 


_ i?-4 Is If inch; 

7 mark this and draw 
7-4. Measure 1 inch 
itt centre of this to the 
right (to assist in draw- 
I ing back curve). Draw 
f back from 7-4, cun’- 
I ing through mark just 
I made in centre, as in- 
dicated by the ertwa. 

Front 8houldar 
I and Armhols. 74 

f ^ is | of an inch longer 
' # ^ than 7-2, the exact 
• centre being marked 
} ^ by a X ; 6-5 is drawn 

at right angles to give 
the shoulder • line of 
front. Draw 0—7 1 of 
an inch less than 3-ff, 
placing the centre on 
the mark in thnt of 
J- 7. 

Tl»e front shoulder- 
, line should always he 

lo mm than the hark, as 
^ it must lie stretched 
to this ; in some cases 
it can be J of an inch 
less than lawk 

At angle formed by A' and 
A“*. mark ^ of bu*t measure 
(this is merely to assist in 
obtaining armhole curve). 
Form armhole from 6-3, 
passing through marks made 
in angle A' and A'*, round- 
ing well as it approaches 
brick curve so as to continue 
t bis. 

4 11 is 2 mclies, the amount 
to lie suppressed at. waist 
I** tureen back and side body. 
Mark this on first waist-line, 
then curve from 7-9, taking 
it { of an inch to right of 
line /-4, and pass through this 
opposite the centre market 
by a X. (Tlie curve at upper 
part thus givm will allow 
room for shoulder Made, and 
enable the side -piece to fit 
easily and to set closely at 
the armhole.) 


grlvfrtm at 574«xrh VHrrWn 





on I be craft. 

Ana L draw M (| of hat mhm). «ad 
final tfU* dmv nutbr ttw M right wad* to 
moot liaa ZM7. la the raotaagl* thus formed 
drew front seek. 

The Me Pieoee. To obtain Sad wiwt- 
line, lower 9 } of an inch below J9-T, measure 
length of front, from neck mark ihts, also buet 
line ; on line D-C draw real waist- line from 9 to 
length of front Juet marked 

This lowering of waist line 10 to allow far the 
inch taken out in back curve, and to bring it up 
to wamt tme of thie 

On thie 2nd wniet line mark 9-10 , 11-12 ; and 
13 for side-piect* 9 10 may vary from 2) to 
4 inchoa, according to sixe of waist , m the cams 
of larger eta es, however, it » better to have 
three smaller aidr mace* than two very large 
one*, [See Large Stxe Bodice] 11-12 should 
always measure } an uu h lew* than 9 10 , 10-1 1 
and 12 1*1 each measure 1 mdi for wamt sup 
press ion Draw II ID and 12 12* before 
10 II* and 13 The rraaim for thin in that the 
Underarm piece should lie straight, and it is 
easier to get the right inclination of the other 
lines b\ so doing 

FroaDflttlng Lins and Darla. Mea- 
sure neck and bust, and add on in front the 
amount taken in side pieces and back (usually 
from I to 1) imbes), and draw 14-15 for front 
titling line He careful not to " bow ** this out 
at file bust, nor make it tight For the darts, 
measure from H 4, 9-10. 11 12. and 13-#, 
subtract ha if t tie waist measure (remember, only 
half the measures are used) from this, a hen the 
remainder will have to lie suppressed in tlie darts 
Mark 10. a huh may % ary from 2 to 2f inches from 
front fitting line , * draw line fm centre, then 
mark 17 an I 18 at equal distances on either 
side and draw thesr lute*. ( From I to 1 1 uu h< s 
is the average amount to be taken in this dart, 
which is olwavs the smaller of the two ) 

For hack dart mark 19 1 tmk to right of 18, 
then 20 on bust line, which may hr from If to 
2( inches from top of front dart Measure and 
mark off amount to be taken in back dart on 
waist line, and draw 20-21 ( Remember, in this 

cut of bodice the front edge tif bark dart should 
be nearly straight, and the bark edge almost, if 
not quite, on the crons.) The book dart also ts 
always the higher of the two 

Mow divide and add on the superfluous inches 
of hip measure equally an the various basque 
portions, and draw these as sketched. 

Lastly, go over the measurements carefully, 
earn pare them all with those taken, and make 
any alterattons nece s sar y before tracing and 
rutting out. 

The under-arm piece may be traced out 
separately, to avoid cutting off the basques of 
190 
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yhf Collar [IQ. 

A-B; C and D are formed by' size of neok a 
lower nart. 

and B~C each measure 3 mob*. 

A~B, sue of neok far top of ooUar. 

/3-n 9 moW 


B-F the same. 

The depth of collar, however, varies with the 
length of neck. 


Tito Sloovo. Line A-B is J of bust 
measure less | of an inch (this wQl be taken uj. 
by the curve) [21] 

B-C ts length of sleeve, from width of back 
to elbow [nee diagram 19] 

I)-D, midway between A-B. is entire length 
of sleeve 

A-K is 4 inches , B-Q If inches. 

K-F , length of front seam 

C-C, size of elbow 

The alcove drafting gives a plain coat sleeve, 
which is the foundation of all other sleeves, and 
from which any kind of shape tan be evolved 
The untlor-sloevo can be anv si/c desired, pro 
vidod the amount taken from thin lie added to 
(he upper sleeve, or tn proportion ah fulness may 
lie required at the shoulder part This is indi 
cated by the broken lines, whilst the next 
diagram [ 22 ] shows the evolution of a “ gigot,* 
or leg of mutton sleeve, from the last shape* 
mdu ated 


Making the Bodice* Having thus re- 
viewed the preliminaries, the stitches, the 
materials, ondf their uses, the method of obtain 
mg a pattern from measurement, we will now 
turn to the more interesting side, that of 
dressmaking pure and simple We have chosen 
a dressmaker s bodice to begin wnth, rather 
than a blouse, because it may be described as 
the basis of a sartorial education 

Cutting Out the Lining* Before placing 
the pattern in position, press out all creases 
in the lining with a warm iron Mow arrange 
the various portions of the bodice pattern just 
drafted and cut out to the best advantage on 
the lining, which should bo douUc (24] Vliow 
for the turnings 1 inch on the shoulders 
and under arm seams, and from ) to | of 
an inch on all others for alterations Curve 
the neck and shoulder outwards to allow of 
possible alterations hem The front fitting 
line must be placed 1 1 inches from the selvedge 
and even with this. Place all want Imes. except 
those of front* on the straight of the material, 
then phi the pattern to lining. Trace the waist 
base carefully, also the bast line, front fitting 
hoc. darts and inset mark Keep the lining end 
drafting ousts smooth, then trace all round the 
outline of the pattern with a backward and 
fo rw a rd movement- Remove pattern and pm 
together before cutting out to prevent slipping 



DoSS^w^h ttfeltciat ahoold b kept fbldad if 
whs* tmfh(; Mag)* width*, varying from 27 
Um to 30 should \m folded advidp to 

«M|». hoed doth* with the up running 
do wn word* , satin. velvet, aad wl wt w* (with 
the pile naming upward*) redab each p iece cot 
wptrileiy, the eeme way — the pile [17]. Piece 
the lining pattern on the materiel, arranging the 
piece* carefully. Pin in position, keeping the 
waist tines of back and curved side pieces on the 
straight of the material, and the selvedge of the 
lining of the bodice front to the selvedge of the 
material. Then cot out the same as the lining. 

Banting Uaiaiaad Malarial Togathar. 

Croat care mutt be exercised in basting ; if 
this is imperfectly or carelessly done, the fit of 
the bodice will hr impaired. PUee right material 
front on its corresponding piece of lining, stretch * 
ing the material slightly across the waist tine of 
the limns ; pin above and U'low this, turn over, 
and with a coloured cotton run lining and 
material together at the waist line. Turn it over 
so that the material is uppermost ; take the pins 
out and place a weight (a fiat iron will do) on 
the bodice just below the waist line ; smooth up 
towards the shoulders and pm in position, then 
smooth across the bodice towards the front 
tilting line, also towards the outer seams. Pin 
again here iuid there, the lining to la* loose ami 
the material tight. See that the Utter is quite 
smooth at the neck and armhole. 

Move the iron as required. Baste up (mm 
the waist line, vrith a stitch 4 inch in length, 
outside the front fitting line toward* the neck, 
outside the shoulder line, armhole-curve and 
down to the waist line ( 36}. Remove the iron and 
baste the basque below* the waist line, keeping 
the lining and material smoothly together. Ifiace 
the iron on the bust tine, and with the fingers on 
the Lining and thumb on the material, case the 


1 *6 H* mum 

buquuatUbtokk 

• m Urn right front Ik* other 
purl* of th* bodice am penned. arranged. *ad 
burned in the nunc way, lairing grant cam not 
to stfutoh either the curved woe piece* or the 
curved side of buck* 

Outline with coloured cotton *11 waist tinea. 



front fitting lines, neck tine, armhole curve, 
meet mark, elbow and wrist line* of sleeve. 
In basting the sleeve take care not to stiuteh 
the material. 


Tacking. Pin the various portions together 
with fine pins, removing these as the bodice is 
tacked ft tart with the centre back pieces ; 
place the waist lines even and heginn ng from 
there, tack up to the neck, then from waist line 
to the edge of the bamiue (using smalt stitches), 
and always putting a double stitch at the waist 
line to hcJd it firmly. Be sure and tack in the 
wheel -marks or the bods'* will be too Urge. 

Next take the curved side- pieces and tack these 
to the corresponding part ot bark, starting this 
from th** waist line as before. The curved portion 
of this can lie very slightly cased by holding this 
part over the hand when tal king together to set 
smoothly with the corresponding part of back. 
The armhole lines should meet all round Now 
join the under arm piece* to the curved aide- 
piece*, also the fronts at the under arm and 
shoulder seam*. When joining the shoulder 
seams, U’gm at the neck and slightly stretch the 
frtmt to I he Itark shoulder. Tack down the darts, 
starting at the top and working toward* the 
basque 

NVitk. If the darts are cut on lb* French 
system, the bock one will have to Is* rut Ufore 
tacking bigetlier, allowing | inch turnings. 
Be careful that the point is even, and stretch 
the hock edge a little to the front, which, liemg 
very nearly straight, allows this to lie done. 


To hr cemiinuod 



«"•»’ the office boy with a future 

CLERKSHIP k 

ACCOUNTANCY The Btfiuinp of a Commercial Career. Firet Step s ia aO Depart- 

a m “‘*- Corr *»P ood «* ce - T «‘*P ho “ e - Ste * ** kto *"* 

By A. I. WINDUS 


Conotroitti Lady Cl«rlU. Commercial 
lift*, in it* motion 1 development*, offer* many 
cairns tor women, though, fortunately, the 
economic conditions which have forced women 
into business competition with men have not 
lowered the average age at which young 
ladle* enter the arena to that of the office hoy. 
A boy usually panne* straight from iichool to 
commercial life, whereaa a girl on leaving nchool 
generally allow* two or three yean* toelspHC before 
making a wit nation in an office. This interval 
will have it* dutiew, it* devotion* and it* 
recreation*, hut time mu*t be found for study 
also. 

The field for lively clerk* i* an ever- widening 
one, but we in ny *um up the attainment* 
required of them thus : Shorthand. tyjieuTitmg. 
commercial oorresjmndenec, nu*dem language, 
double entry l*M»kkecpmg, acting a* desk 
cashier Other flection* of tin* work an* appro 
printed to the wtudv of the thn** first -named 
ftiihjoct*, but thi* i* concerned almost imme- 
diately with double entry bookkeeping. a know 
ledge of which i* lirenming more and more of a 
necessity to the feminine applicant for a busi* 
nes* post. When, in addition, she i* a hie to 
take down shorthand note* from dictation, and 
therefrom produce a typewritten letter in French 
or German. it i* easy to ***e that *he i* m a much 
U’tter |KM*itnm to command a satisfactory price 
for her labour than her less studious sister 

Tho Boy* a Career. We come now to 
deal with the buy a!»out to leave school, who 
contemplate* with mingled hopes and fear* a 
career in commerce. It would be well for him 
at this «twge to try and make sure that he has 
the qtmldication* essential to success. In the 
first place, is he fond of study, and especially 
of arithmetic, geography, composition. mental 
arithmetic and handwriting ? 1* he willing to 

recognise the fart that hi* education, so far from 
twtng completed, has only just begun, and that 
the experience of business he will gain by 
practice must tie supplemented by the theory 
to be learned from teat books and professor* ? 

Again, a youth should consider the direction 
of hts own Inclinations, and the nature of any 
talent his youthful modesty may have allowed 
him to discover. If the" carpenter's liench 
po sse ss more attraction for him than the office 
stool, let him not lie ashamed to say so now ; 
otherwise the day may come when be will curse 
the false pride which kept him silent This 
framing »* the more necessary because many boys 
make their choice of a career solely on the 
ground that it is one which ha* been adopted 
by a friend who baa left school a few months 
previously. The beet of friends may have very 
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different tastes, and ao a lad of a free, roving 
nature may become tied to a sedentary occupa- 
tion in which his chances of success ana content- 
ment are small. 

Attention must be paid also to the matter 
of health. This, no doubt, is a question rather 
for parent* ; but an intelligent boy should use 
some discretion in the matter, and it may here 
be said that he should endeavour, by taking 
exercise in the fresh air as much as possible, 
by regular and correct habits, and by having 
good and sufficient meals, to maintain and in- 
deed to improve hi* health. Again, a reasonable 
ambition i* most essential. It will show itself 
in a persevering desire for improvement in 
attainments as well as in position. It will con- 
cern itself not with short hour* and large salary, 
but with moral w'orth and business capability. 
Lastly, to ensure success, a boy should have 
laid the foundation* of a good character. This 
he will have to build up as the years go on, and 
b«* may lie assured that, m spite of any contrary 
assertion, a reputation for integrity, fairness, ana 
attention to duty will stand him in good stead. 

The Boy ClerK. Assuming that he ha* 
decided uj>on his vocation, and upon the nature 
of the business be wishes to enter (in regard to 
which circuniKtanco* will probably limit his 
choice), the intending clerk must seek an opening 
w ith a good firm. Possibly this may be obtained 
for him through the influence of his father, an 
adult friend, or a teacher. Failing such help, 
the advertisement columns of a newspaper 
should lie studied, and written application made 
m likely canes, while letters may also be sent to 
local firm* in view of a vacancy occurring. 
Great care *hould lie taken with letters a* to 
the writing, the composition and the spelling. 
Boy* are apt to make mistakes in the last-named 
which they could easily avoid even without con- 
sulting a dictionary. "Mention should be made 
of any public examinations the applicant has 
(ia*s ea, such as University Locals, Society of 
Art*, Scotch Leaving Certificate, College of 
Preceptors, L.C.C. certificate, etc., and copies 
of testimonials from schoolmasters or others 
enclosed. 

Some little time may elapse before a situation 
is found. In the interval a candidate should 
endeavour to continue his education, especially 
taking pains to make up leeway in any particular 
branch. If be already known a little shorthand, 
this should be regularly practised. Attendance 
at a business college'' is not recommended at 
this stage, but the opportunities for improve- 
ment afforded by the evening continuation 
schools and other evening classes should he 
Ukan advantage of. A good style of hand. 



wnUfeK should be itrim fort that known m the 
Qri S er vic e head is dear, end is likely to meet 
with the approval of employer*. 

Bo Punctual. The time of waiting may 
be ended by a request from some firm for a 
youth to attend a personal interview. Little 
advice can be given in respect of this, beyond a 
caution to be strictly punctual in arriving, 
Frank answers should tie returned to such 
questions as are asked. The interview' may 
result in an engagement. Salary and hours of 
work will be named, duties briefly indicated, and 
in a day or two the youth will find himself 
installed as office boy. 

In a Urge office there may be several boys ; in 
a comparatively small house one will probably 
be sufficient. The duties to be undertaken will 
accordingly vary somewhat, but many arc com- 
mon to all offices. The necessity for oUwlwncc 
must be earnestly impressed on the beginner 
This does sometimes, although not always, 
mean that he is to lie at the lieck and call of 
all and sundry in the office. Frequently, how- 
ever, he will be “ told off ” to one person, and 
orders from him must In* promptly and cheer- 
fully earned out. It should be recognised at 
once that no office can Is* effectively conducted 
without a certain nmasurv of discipline ; and 
this is as necessary for the well-being of all the 
staff as it is for the good name of the house, 
in which its youngest member should early tiegin 
to take a pride. 

Copying and Dispatching Letters. 

Th© office boy whose duty it is to get letters 
ready for the post is often known as the |H»*t 
boy. He will have to carry the letters when 
tvped or written to a principal for signature, 
then to copy them in the appropriate letter 
IsKiks. wTite the addresses on envelopes, and 
stamp and post the packets in time for the 
mads. Anything which is put into an envelope 
in addition to the letter which has l>een copied 
is termed an enclosure, and the nu tidier of 
enclosures is marked on the letter: thus UK 
means that there are three other things (usually 
papers of some sort) to go with the letter into 
the envelope before it is seated down, and it is 
the duty of the post hoy to aw? that all enclosures 
are properly dealt with. It is not promised to 
describe the various methods in vogue of copying 
handwritten and typewritten conrspofuicnce. 
Practice alone will make perfect, and there am 
very few instances where the office lx>y or post 
lx>y will not be able to call on someone to show 
him just how to perform the operation. It 
may also be noted that printed instructions as 
to copying are to be found in some letter* books. 
For an explanation of special methods of proas* 
copying, and of multiplying facsimile documents, 
consult the section of this work on BrsiMss 
Maxagemkxt. 

Ittdnxtag Lsttsr«books. A word or two 
as to indexing the letter- books may not be 
oat of pUee, The object of keeping several 
letter -books going at the same time is to facilitate 
reference. Take, for instance, the simplest ease 
where the letters from the Counting House are 


copied in one book, and those from the Show* 
room in another. It is dear that the indexing 
has begun from the moment that a letter Is 
copied, because by that very fact it has Ism 
indexed to a certain book, although the name 
does not ss vet appear in the index. U, them* 
for*, a letter to William Brown, Esq., is copied 
on page 240 of the Counting House book when 
it should have been copied on page 975 of the 
Showroom book, the object of keeping two 
books has been defeated to this extent. 

The best way to remedy the blunder would be 
to index th* letter in the Showroom book, thus : 
Brown, Wm. 240 (Mi Book. 

But stop a moment to think of the wholly 
unnecessary trim We to w hich everyone concerned 
is put by a fault of this kind, and he more careful 
next time ! 

Indexing the Boolla, The indexing of 

the letter- hooks is carried out daily or weekly. 
Kadi letter is entered alphabetically by flame, 
the nu in tier of the page on which the letter 
appear* tiring also noted in the same line. 
Sometimes there may he a doubt as to the 
rorreet arrangement when a Oirtstian name 
form* tiart of the hmi-name, os John Smith A On. 
Should this I* Smith A Co, John, or Smith. 
John A Co ? Reflection will convince the 
enquirer that the second method is ojien to 
misconception, a* it is quite {xwtsiblc then* 
might lie a firm actually trading under the style 
of Smith, John A Co., and if we were to have 
dealing* with both these firm*, and were to 
index letter* to each of them under the caption 
Smith. John A Co , confusion would rc*ult. 

The system of cross references m indexing 
should always I** adopted, as affording additional 
convenience to those who *i*h to took Up letter*. 
It consists in blue |M*ncillmg at the top of each 
let ter copy the nearest backward and forward 
page* respectively on which letter* to the same 

I sthoh or firm appear. Thu*, if there wen* 
el ter* to .Messrs Jones A Rohlfisot) on )Xige* 
H. Hi, and 24, on jiage H wouhl be written 
on page H* would Is* written * and on imgc 
24, The Inst entry can only lie completed 
if and when a further letter to Messrs. Jones & 
Robinson i* copied. 

Latter-filing. Lpttcrw received also in- 
quire to be indexed. Tins may lie done by 
means of one of th * many tiles 
now tn use, such as Stone s, 
the Shannon, etc. Incoming 
letters are often numbered, say 
from 1 up to 10,000, and then 
they can lie indexed and cross- 
referenced, as in the copy 
letter-books. Instead of being 
filed, correspondence is often 
• # Pigeon-holed. 0 In this case 
the letters are folded to one 
convenient sue, with opening 
to the right, secured in bundles 
and placed in the alphabetical 
compartments of a wooden 
frame or cabinet. In order to 
save time in referring to letters 
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wfcsn pta soi i A n ted. they an “docketed ” or 
mkma outside with tie jeer, writer’* name, 
end dele, *o that the letter featured is easily 
ptoked out, Cere should be taken that letter* 
bought out for r efe r e n ce are replaced in the 
proper bundle without delay. 

The feet Office Guide* The poet boy 
will acquaint himaetf thoroughly with postal 
regulations, both a* regards letters and paresis, 
fie will know the hours when mails are dispatched 
to town and country, the rates of postage for 
home and f ortngn letters, the particulars as to 
regietration, late- fee letters, dispatch of tele- 
grams, etc. He should aim at being considered 
act authority in the office on these matters. 
His teat- book will lie the Post Office Guide, 
issued quarterly, or the local handbooks pub- 
lished by the Postal authorities in larse pro- 
vincial towns. Where small parcels are 
frequently sent by rail, the office boy should 


The amounts received from Pbtty Owh iaJ 
lakl out in stamps sre entered in the left-hand 
column, and postages on the right. The difference 
in the two totals at any time represents the value 
of the stamps in the stamp box. The balance 
should occasionally be tested by another clerk. 
The person actually posting the letters should 
initial the postage book. 

The Telephone. The office boy will have 
to attend to the telephone occasionally, if not 
indeed regularly. When giving a message, he 
must be sure that it is clearly understood, and 
when receiving one he should see that it is 
delivered at once to the person for whom it is 
intended. If he is out, a carefully- written note 
of the message should be placed in a prominent 
position on his desk. In some offices a telephone 
message form is in vogue, the systematic use 
of which will minimise mistakes and consequent 
annoyance. A specimen is as follows : 


TELEPHONE MESSAGE. 

No. fit Time 1045 

Date Oct. 15/05 

From J. W . Mamm 

To Us 

Enquiry. 

Reply. 

Can he net our Mr. Cray • / he rails here Yes. 

Mr. Cray wiU he in until noon. 

in half an hour t 


K"*' v " d _ llv " A 


Sent 



learn how to proceed in the mAttcr. and know 
the ordinary rale* and charges. 

Tho Postage Book. It is probable the 
post boy may Is* required to take charge of the 
stamps, perhaps also of the petty cash. Every 
stamp used and every item of petty cash paid 
must be entered immediately in the books 
provided for the purpose. There must be no 
trusting to memory. For most esah payments 
a receipt or voucher should lie obtained. This 
should he read through to see that it corresponds 
with what has been done, and ts correctly dated. 
It must then h* filed sway in the manner in use 
at the office. A common form of postage book 
is as follows : 


The telephone in the general office is some- 
times connected with others in different depart- 
ment* or in principals' rooms, in which case the 
method of using the * 4 switch-board " must be 
learned. The card of instructions issued by the 
Telephone Company to its subscribers should also 
be studied. 

Bo Choerful. We have by no means 
exhausted the list of duties, sometimes menial, 
often petty and humdrum, required of pro- 
bationers in commercial life. Since, however, 
each house of business has its own conception 
of the uses of the office-hoy, it must suffice to 
mention in a general way a few of the matters 
which may demand his attention, and to point 







out that At man ner it w h ich hr Adbya tri> 
s ome fc s sh* to often taken into wwat by »u pcrion 
when the time comet for the itluy schedule to 
be formed at the end of the jeer or half-year, at 
the cate may be. If. therefore, you are required 
to clean out an ink-well or to duet out a cupboard, 
do not be satisfied with half meaeuiea, but, 
because “ Cleanliness it next to godliness." tee 
that the work it done to that no ctoe can And 
fault with it. If you have to make a copy of a 
document in your own handwriting, let it be an 
exact copy, not with a comma misplaced or a word 
spelled wrongly. If tent on errand* he sure that 
you deliver your m e t tag et correctly. If, at 
tometimet happen*. you should act at an 
" enquiry " clerk, always lie scrupulously polite 
and obliging to callefw, who are quick to judge 
the tone of the establishment from the behaviour 
of the enquiry clerk. 

A Safe Rule, Cheerfulness and pains- 
taking in the fulfilment of the "daily round and 
common tank "are indispensable factors of worldly 
success, l^earn to take pride in all honest work. 
Banish from your mind the distinction between 
important and unimportant matters, liecati we. 
as a matter of fact, there are no such things as 
trifles, or if there lie, you an* not wise enough 
to be able to discern them. The safe rule i* to 
put first -class work into everything you do, and 
it may help you to know that the world's great 
men have always paid gn*at attention to detail. 
Genius has been defined as the capacity for taking 
infinite pains. The groat captains of industry, 
who marshal the forces of production and dis- 
tribution and control the vast movements of 
world- wide commerce, are men who combine 
executive ability and organising jxiwer with a 
capacity for grasping the smallest detail of busi- 
ness administration. 

It should be unnecessary to state that 
betting, drinking, bad language, smoking and 
loafing ought to find no place in the category 
of a junior clerk's accomplish menu If. un- 
happily. he become addicted to evil habits, it 
does not need prophetic inspiration to enable 
an observer to predict a sad end to the usefulness 
of such a clerk. He will ultimately, unless a 
worse fate overtake him in the meantime, drift 
into the class of unemployed whose mournful 
cry is, " Too old at forty ! ’ 

Bn DiUftot. Solomon said, " Seest thou 
a man diligent in his business ? he shall stand 
before kings." How true this is may be proved 
by citing one example, that of the great 
banking house of Rothschild, whose influence 
for peace or war has been felt in all the 
Courts of Europe because the attention to 
business of the founders and their successor* 
has made the Rothschilds the controllers of 
millions of pounds sterling, and without money, 
which is the “ sinews of war," war cannot be 
carried an. 

Diligence, then, must be our watchword as we 
pass up from the ranks of office boyrf to the grade 
of junior clerk. 

The diligent office-boy will discover one day 
that his s tat u s — that is to say, the estimation in 
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which he is held by his fallow clerks and others— 
has been gradually Improving. Having settled 
down to the office routine and acquired a certain 
degree of business method, it is more than likely 
that he will be able to spare an hour or so dally 
from his own duties to help someone else —the 
ledger clerk, it may he, who, for the sake of the 
assistance rendered, will readily give him an 
insight into his own move complicated work. 
Presently, when the ledger clerk’s work [nervism 
brvond the point where he can cope with it 
single-handed, he will ask for a permanent helper. 
What more natural than that the youth who naa 
assisted him from time to time should now be 
appointed to the post of assistant ledger-dark T 

Thn Junior Clerll. But, in whatever way 

promotion comes, the first step upwards cannot 
hr taken until a proper aptitude for office life 
has liceti displayed. Thero is s case within our 
recollection of n young man who had performed 
the duties of office-boy for some years, only to 
discover at last that he was not suited to clerical 
work, and would have to begin hta career again 
in *om<* other sphere of activity. Surely a sad 
waste of time ! 

The change from office boy t<» junior clerk is 
likely to tic a gradual one. but, as we have indi- 
cated, it will often show itself by opport unities 
for more advanced w'ork. To recognise oppnr 
t unit ics and to tie able to seise them are the 
signs of business cajiaeily, but there are some 
men who an* said to create opport unities Those 
ls*long to the highest rank in commerce, and they 
an* one and alt students of (took* and men. Mr. 
Androw ( amegic is a conspicuous example of this 
claws, and it is partly brcimwe he made such good 
use of the free library in his youth that be has 
the means to endow #o many froe libraries to day. 

Booh -Keeping. dearly, then, we cannot 
affonl to rest content with the amount of book 
knowledge w*e already possess Two, three, or 
four nights a week might be devoted without 
injury to health to the study of commercial 
arithmetic, modem languages, ! si tin. or any 
other branch of knowledge m which the clerk 
may be specially interested, or which he thinks 
might lie useful to him tn his career. A 
knowledge of bookkeeping is considered indis- 
pensable to the vast majority of clerks, and it 
is hoped that our study of it may he profitable. 
It is but fair to the student, however, to explain 
that our treatment of the subject will not heoon 
ventional We do not think it ne ces sa r y to 
begin by defining the uses of certain books and 
forms which are fast becoming obsolete. 
These, undoubtedly, have practical as well 
as historic value, but it cannot be too earnestly 
impressed upon the mind of the student that the 
principles of double-entry book-keeping are 
always the same, although there is great 
diversity in practice. It followi, therefore, 
that if the student can get a clear notion of 
but one of the many up-to-date systems of 
double-entry book-keeping, it will pay him to do 
so rather than to spend time in learning how 
to keep books by an old-fashioned method, 
and how to adapt it to modem requirements. 
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PHYSIOLOGY 

2 


SYSTEMS AND ORGANS OF THE BODY 


How the Homan Frame k i Built Heart an 
The Six Syst e ms of the Body and their Vital Unity. 


By Dr. A. T. SCHOFIELD 


U A VI XU taken a broad and oompreben- 
• 1 sire survey of the plan of the human 
body, we may now look at the general con- 
struction of the holy and its organa, and the 
materials of which it i* built, reserving for 
later attention the minute and exact formation 
of these materials and their chemical composi- 
tion. In addition, we may consider that change 
—or, a a it is called, Metabolism —in which life 
consists, with the manufacture of body, ^ _ 

heat, and the general gain and loss of s** \ 
the liody. Hv the time these things 
arc understood we shall he in a p<i*ition * 

to follow intelligently the physiological 
and vital actions of the various systems 
of the body. 

How the Body la Built, In a 

building such aa the body it is well 
to Iwgin with the unit the building 
unit. In a house tins is a brick or a 
sbme ; in all living structure*. animal 
and vrgetaMe, it is a cell. Just as all 
brick* are very much alike, whether 
used to build a palais* or a pigsty, so 
arc all cells, whether they an* built up 
into mice or men. or even into fruits 
or flowers. 

AH living structures, therefore, 
whether animal or vegetable, are built 
. up of cell* {which we shall consider in 
due course), and these cells arc grouped 
together for different pur(»o*c* to form 
different tissues. The tissues are the 
different materials of which the hody 
is made ; just as clothing may be made 
of silk, cotton, or woollen tissues or 
materials. There are eight principal 
tisanes in the body : hoar, gtirtle, 
munch, nerve, whs, fiat, fibre, and row- 
netting tissue. 

I, The Osseous, or bone tissue, is 
the framework of the body. Tins 
material is found, of course, in every 
part of the body and forms the 


important tissue in the wall of the abdomen 
and the floor of the chest. 

4. The Nervous, or nerve tissue, is the 
moving power of the body. It is the chief 
constituent of the brain and the spinal 
cord, inside the backbone or spine. It also 
forms the nerves, which run like white threads 
from the brain to all the muscles, and gives 
them power to move. 

^ 5. The Epithelial, or skin, forms the 

outer covering of the body. This 
tiwiue is the skin that covers the body 
outside, and lines it as mucous mem- 
brane inside, and also forms the teeth 
and nails. 

fi. The Adipose . or fat, forms the 
under covering of the body. This 
tissue is the inner protective sheathing 
and padding of the body, beneath the 
skin, and round the internal organs. 
It consists of drops of oil, enclosed in 
separate cells. 

7. Tlie Film nut, or film* or sinew*, is 
the tissue that forms the cords and 
hind* of the body. This tissue makes 
the strong tendons that fasten the 
muscle* to the bones, and forms the 
covering or sheath of the bone itself, 
and the various organ*. 

8. The Connective., or cementing 
tissue, joins all the parts and cells 
of the liody together. This substance 
is found everywhere, all over the 
body, and is like the mortar in a 
house, fastening all the bricks together. 
It is a sort of network of cells and 
long fibres. 

Special System*. Those eight 
tissue* are combined together into 
various groups of organs or systems 
for special purposes. These groups 
are sir in number, and include : the 
circulatory, respiratory, digestive, excre- 
tory or secretoru, locomotor , and nervous. 
There k also the reproductive, which is 
& Hie CarHhg*mm*,or gristle, forms ft. tub muni abd considered in the section on Bioumy. 
the joints of the body. This tissue htikal conn We may divide these six into three 


covets the ends of the bones to form 
the joints ; it unites the ribs with the b rea s t- 
bone i It forms the rings of the windpipe and 
the lid of the larynx at the back of the tongue ; 
the lower part of the note, the upper eyelid, 
and the ear. 

1 The Muscular, or mmole, forms the 
machinery of the body. Thk thane corns all 
the h one s with flesh. which k muscle, and k 
the chief pert of a number of machines by which 
k performed. It k dko an 


groups of two each. Them are 
t wo in the chest : 

1. The Circulatory system k that by which the 
blood or liquid food k distributed all over the 
hody to all the tiny cells. Thk system includes 
the heart or farce-pomp, and the ar te ri es, 
eaptliaries* and vetaa, or the three torts of pipes 
through which the blood travel* 

2. The Respiratory sy stem Is that by wttkh 
we breathe, and by which the bodyk fad with 
oxygen, which gives the Hood Ha ht l gf ri red 



eolowr. Ikii lyiwi includes the nostril* and 
aontk, da windpipe and da Itmg*. 

Then then are two in the abdomen* or 
stomach: 

3. The IhgeMit* system. by which all the 
food in made into liquid an 1 changed no an to 
nouriah the body and pass into the blood. Thi* 
tjftem includes# the mouth, gullet, stomach, 
liver, pancreas#, intestine*. and other organs. 

4. The Seitreton/. or excretory, system (for 
they are beat grouped an one) manuf act urea 
the various fluids of the body, such a#* bile, 
urine, sweat, saliva, gastric jui<*\ etc. It con- 
sist* of various glands* or secretory organs in 
different parts of the body, such as those in the 
skin, the kidneys, the fymphatic glands, the 
spleen, etc. It also gets rid of the refuse of the 
body. 

Lastly, there are two in the head and limb* : 

5. The Locomotor system, by which all move- 
ment is effected. This includes the bones, 
joints, and muscles. 

6. The .Vmwiu system, by which alf the body 
»« controlled, directed, and regulated. Thi* 
system includes the brain, spinal cord, and the 
special senses, such as the ear. the eye, and all 
the nerves. 

We have considered already the division of 
the body into f»rc tube*. the jwurterior. which, 
with the limbs, is the seat of the engine, or the 
animal lifr ; and the anterior, that of the boiler, 
or vegetable life of the man. 

Man's Brain. We shall first consider 
the head, including the face, and the spine, or 
the engine (the posterior tula*)- Then we may 
look at the ckeM, or upper |>art of the lioilrr (the 
anterior tube), whew the steam is made, and. 
lastly, at the abdomen, or lower |>art of the 
anterior tube, where the fuel is burnt. 

The head and spin e contain the principal 
nervous system* of the body and four organ* 
of special sense —sight. hearing, smelling, and 
tasting. 

The brain, which fills the head, consists of 
two parts: the Cerebrum, or greater brain (9|. 
and the Cerebellum . or lesser bram. placed 
behind and below the larger om*. The greater 
one is at* »ut the six** of a melon, anti the leaser 
om* of a small orange. From this brain nerve* 
run to e% f orv muscle of the laxly, enabling them 
to mo\'e the limbs and body as the mind 
directs ; and another set of nerve* run from 
every part of the body and skin to the brain, 
enabling the mind to know and feel all that 
goes on. The brain is connected with the spinal 
cord by a flat band of brain matter, that lies on 
the inside of the occipital Ism-, called the 
Medulla Oblongata, or the Oblong Marrow . The 
*jm nal cord [0J runs through a large hole in the 
occipital bone and right down the open tube 
formed by the spinal vertebra*, to the bottom 
of the back- bone, and all along its course nerves 
leave it and enter it. as in the brain. 

The organ of sight conaiata of the two eyes* 
which receive every image that we we, and 
transmit it to the brain. The organ of hearing 
consists of the two earn, fay which we receive all 


the waves of sound that we hear, and transmit 
them to the beam. The organ of smell fat in the 
upper part of the nose ; the organ of taste at 
the binder part of the tongue. 

The organ of the voice is contained in the 
larynx in the neck, which joins the bead to the 
btxlv, Just under the chin in front of the neck 
you can fed what is called the Adam's Apple, 
which is the front of the larynx, or voice-bnx, 
by which the air com mg out of the lungs is 
formed into sound* The sounds am formed in to 
word* by tlie mouth, tongue, aiul teeth. 

Thw Chwat. The Cke*. or Thorax [tOJ, 
forms the up^ier part of wlmt may lie termed 
the human boiler. In it the blood, which t« like 
the steam of the body, i* purified and cmnilatrd. 
The tkorar is dowt al*ove and Mow : above, 
by the nerk. through which the wtndpt|w* enters 
it m front, conveying air to the lungs ; and by 
the gullet l^chind. conveying hnwl to the stomach. 
B«*luw. the tl<H»r, dividing it from the ahdomrtt 
laeneath, is formed by a v»»ry large muscle 
stri'tehmg right acros* the Iscly, called the 
Om ithragm. or partition wall, also culled tlie 
Alianfl. The thorax is walled in at the suies 
by the rib*, and Udtmd by the liackbottr, m 
winch is the other tul** that contain* the spinal 
cord. The thorax contains the tw*o organs of 
respiration and circulation. 

The lungs an* the organs of respiration They 
an* like two s)M>ng«*s tilling the right and left 
hat vis# of the idlest. Wherever you can fe*d a 
rib tliiift’ is part of the lung underneath Knelt 
of these lung* is contain'd in a bag. like a skill* 
that scfmratc* it from the rils#. tuid is called the 
fdeuru (from plrunm a rib), hut the lung is Hot 
inside the Isig 

Von wdt understand how this is powsiMc if 
you take a pn|s*r big an 1 a *|M»nge, and. instead 
of putting the siw mg** m»tdc the b#g, |4 imv it 
against the outsiue. tol ling the empty bag round 
it The Spoil gr will then Is* wmp}trd Up tw UlC 
Utg. yet outside it, covered by /mo layers of 
|M»j**r. 

The outer layer of the pleura is fined to the 
side of the chest, the tutor layer to the lung, 
and tin* two layer* move on each other like a 
joint when we breathe 

The lungs are full of smatl air <*ell* with minute 
tul*** leaiiing from them The** gradually in* 
crease tn unset as th'V join together, till at last 
they unite m one U^g'* tul**, or bronchus, for 
each lung. The** two lirondn join together, 
and form the windpij ». or trachea, whieh conveys 
the air through lh« larynx into the mouth. The 
wind pi f** in kept stretched widely open by a 
sene* of elaatic rings of gristle. Behind the 
windpipe is tlie gullet, leading to the stomach. 
These ring*# in the trachea, it is interesting to 
note, are incomplete behind, where tin* trachea 
lies against the gullet, or oesophagus They thus 
form springs rather than rings. The reason for 
this is that the walls of the guild, lietng quite 
soft, if the cartilage ring* rented against them, 
would form a series of k*ige* on which food would 
inevitably lodge, and thus interfere with de- 
glutition* or swallowing. Here we get one of 
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thorn minute point* on which the physical 
comfort of Ufa depends. We Uke sir mto the 
ItMf* to pees thence into the blood* end thus 
he carried** ell the end* of the body to enable 
them to live end breathe. 

Til# Honrb The heart is at the lower part 
of the chest, between the two lungs. It is a 
jUshf f or muscular organ, 
about the six* of the fist — 
flat above, and pointed Mow 
tike a sugar-loaf. It lies in 
a slanting direction behind 
the breastbone - the broad 
part, or the bast, of the 
heart being upwards and 
partly to the right of the 
breast-bone ; the point, or 
apex of the heart, being down ■ I 
wards and to the left, where l 
it can often be seen besting } j 
against the chest- wall. The 
heart is hollow, and sets 
like a pump, furring the Wood 1 1 
all over the body through the 1 * 

C t vessel that leaves the A 
t at the upper part The \ 
heart, like the lungs, is en- 
closed in a double layer of v 
folded bag, called the prricardium, because it 
Is round the heart 

The gutted runs right down the back of the 
thorax, and passes out through the diaphragm, 
which forms the floor, into the abdomen. 

The abdomen ft!] forms the lower half of the 
trunk* and is often cams! the tomarh, Many 
parts of the body are called by more than one 
name, which frequently causes confusion. Thus 
the trunk, which is made up of the thorax and 
abdomen* is sometimes called the body, of which it 
really only forms a part. 

In the same way the word 
stomach is often applied to 
the whole abdomen, of which 
it only forms a very small 
portion. The trunk , as we 
have seen, is composed of 
the thorax and abdomen— 
which together form the hu- 
man boiler, in which, by 
means of food fuel beneath 
and air above, steam is gene- 
rated to work the engine, 
whiob in the body consists of 
the brain and spinal coni. 

The abdomen, which forms 
the lower part of the body, 
m full of organs belonging 
tei the dtffdite rgdrm and 
mentor* system, by which the 
fuel or food is rendered lit for 
use in the blood and the body. 

The trails of the abdomen are not protected 
by ribs like the thorax, but are all formed of 
flesh or muscle. The principal organs they 
contain are the stomock, the liver, the panerm* or 
mmdbrmd* the epleen or task, the kid asps, the 
itggira, and the M a dde r. We shall reach them 
all in due course. 
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framswork. All these organs 

and sys t ems are held together and formed mto 
one body by means of a framework, partly 
fixed ana partly movable, partly rigflks and 
partly flexible, partly hard ana partly soft. 

The skeleton *art of the framework is made 
of bone ; flexibility is given to certain parte by 
means of joints, which are 
simply smoothed and ibunded 
ends of bone covered with 
gristle to avoid friction, and 
joined together by fibre and 
ligament for strength. This 
forms the rigid and hard part* 
of the framework. The flex- 
iblc and soft part, which 
everywhere covers organs and 
muscles, is composed of a 
layer of fat to preserve the 
warmth, as fat is a non-con- 
ductor. and an outer covering 
of skin. 

This framework is ex- 
quisitely adapted to give 
strong protection to the vital 
parts so that they cannot 
readily be injured ; and the 
whole of the organs are so 
arranged and stowed away that, as we saw in 
the last chapter, a perfect human body is a 
beautiful object, full of symmetry and graceful 
curve* and lines 

Th# Vitnl SpterK. But more is needed 
than this for a living body ; there must be a 
vital unity. So far. all we have is a picture of six 
systems, constructed in different proportions of 
eight tissue*, ami held together in bodily shape by 
an elalsirate framework, and containing a targe 
number of com plicated organs. But all this iB com- 
plexity, not unity. Where is 
the centre, where the direct- 
ing power that starts the 
engine, and moves all the 
machinery in perfect rhythm, 
all unconsciously to it* Owner, 
who has, as we all know% but 
scant power to interfere with 
any great vital processes, and 
none at all to direct them ? 

This is the very point on 
which so many of our text- 
books are silent, and there- 
fore fail to give us, in all 
tbeir descriptions, a true 
conception of a human being, 
and aw wearisome and dry. 
because the living soul, the 
vital spark, is absent. 

The Mind tend th# 
Body, Any student of s 
modern medical text-book on 
physiology can well understand how the mass of 
dead material facta, which fill it* pages, would 
be " vitalised *’ if their dependence on the central 
directing force were laid bare, and the unity that 
underlies diversity in man demonstrated. “ The 
mind so act* on the body/' a well-known authority 
has put it, “ that the body p er fo rm s only a 





range of ita fmfftiom without intelligent 
(wmweiottft) direction." 

Soae governing centra moat regulate, control, 
counteract, guide, and arrange and unify the 
action* of the human organism with regard to 
the continual s uc cess i on of differing events, 
foods, surroundings, and conditions which are 
ever affecting it in endless succession, and in 
constant variety, enabling it, amid this bewilder- 
ing multiplicity of changing influences, to hold 
on its steady course of growth, health, nutrition, 
and self- maintenance with the most marvellous 
constancy. 

It is quite clear that this governing centre is 
mental in nature and unconscious in charac ter, 
and whether we call it 4 * Nature ” or the •* Uncon- 
scious mind " matters little, so long as we recog- 
nise that it is this mind that not only vitalise* 
but unifies this wondrous body, and Mends all 
into one living personality. 

Soul mnd Spirit. But a man. as wr have 
seen already, is even more than an animated 
and unified body. He has not only his person- 
ality and his bodilv vitality to maintain, hut 
also his relation with this world and the next, 
and to this end he is endowed with a soul and 


b en efi ce n t sway of the all -powerful autocrat — 
the unconscious mind. This is no fancy picture, 
but sober fact ; and every fresh detail of phy* 
stology that come* to light confirms it. The ce 0 
[til (forms the basis not only of Physiology, but 
of Biology ; for it is the Kmbryologtcal (the con- 
struction of life). Morphologies! (the form of life), 
as well as f*h ysiological (the process of life) unit. 

This fact w : a* first established by Schwann, of 
Germany, whence most of our facts come. This 
cell consists of two essentia) parts, the Mf, 
and a darker part inside it called a muds us, and 
sometimes of cell wall, which makes a third. 
Every part, not only of animal, but of vegetable 
organisms, is built up of cells, which consist, 
therefore, essentially of a nucleated moss of 
protoplasm, varying in wise in the human body 
from inch in the blood to inch in the 
brain 

Protoplasm. Protoplast^ i* a living, 
transimrent. viscid. insoluble, unstallc «utwl*n<v 
of a proteid nature. containing TO jw-r cent, 
of water. It coagulate* with heat at I.KP, and 
dies when the body is raised to this temperature. 

A cell manifest* it* vital profierties m that it i« 
born, grown, mult* flies, shnitls, and at last dies. 


spirit, placed in connection with 
and unaer the control of a conscious 
mind. By moans of his animal life 
he maintains Ins relation with his 
environment and liocomes a part of 
all around himself. 

By means of kte spirit life he has 
intercourse ami relation* with what 
is above him. with the un«ocn world, 
with attraction*, with the ideal, 
with the Infinite — with God. 

This tripartite U-ing governed, 
as regards the body, by an Un- 
conscious Mind, and, as regards 
soul and spirit by a Conscious 
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Mind —this, and nothing loss than this, is very quick. 


During its brief life it assimilate* 
ha*!, hr rat he*, work s and reals. It 
is callable of *)*tfitaneous motion, 
ami frequently of locomotion. It 
can secrete and excrete substance*, 
and. in short, it present* nearly all 
the phvsieal phenomena of the life 
of a human firing. 

Birth (ell* are produced only 
from cell* by gemmation or fissirm 
The former, a budding off of a small 
part of the cell, is rare in man. 
A'lssyrm is a dividing of the whole 
cell, including invariably a part 
of the nucleus. Tfie process is 
an l may take place in a few 


a man. 


minutes. 


CONSTRUCTION OF THE BODY 

The Celt. In considering the minute con- 
struction of the body, wo most first of all 
examine the cell. Jjet us first grasp the broad 
fact that not only are we ali%*e, but that our 
bodies are throbbing and pulsating with millions 
of independent and active cell lives, over which 
we reign as autocrats. We have more living 
subjects in the body than the Czar of Russia 
has in his vast empire. That is the statement 
of a literal fact. These subjects are, fortunately 
for ua, not directly under the sway of our 
capricious wills aftcLpaasions, but are calmly and 
wisely governed for our good by the unconscious 
mind. 

Let us then clearly grasp the fact that the 
body is alive everywhere but on the surface. 
The outside of the skin is dead, as we shall see 
later, but every other part is alive. Whenever 
we enter the body (figuratively) we are sur- 
rounded with the most varied and busy exist- 
ence*. all pursuing their different tasks, callings, 
and occupations for the common good, and thus 
forming an ideal Community, under the wise and 


Growth. The cell rapidly increase* in sbe 
to a certain definite point, which it maintains 
during it* adult life, hke a human being. 

Decay. As it get* older it b frecioeuUy 
removed further from iu source of life (the 
Mood-stream), making way for more vigorous 
life (as in epidermal structure*), ami gets 
wrinkled and smaller and flatter, like an old 
person. 

Death. After a life of from a few hours to a 
few days, it finally dies and drii*s, liecoming in 
the skin a mere homy scale on the surface of 
the body. Internally its death is frequently 
brought about by it* breaking up or dissolution, 
as in the secreting glands, where the cell itself 
dissolves away to form the secretion — such as 
saliva. 

Aasimi latioji. It can take in food from the 
Mood by absorption ; or, as in the amarbat (or 
freely moving cells), by flowing round a substation 
of a solid nature, and thus enclosing and subse- 
quently digesting it. 

Run ratio*. The cell inspires oxygen (0) 
and expires carbonic acid gas (00 f ) which is 
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probably the result, as it is in man, of it* km**- 

Mfem. 

Worn &. This w of the moot varied kind, and 
e m brace * the forma- 
tion of every tie* 
sue and every pro- 
duct — solid, fluid, 
or gaseous — of the 
body. 

Harr. Thi* work 
may be intermitted. 

Tt w found that in 
the dark the colour* 

cell* cease to secrete pigment. Muscle-cells 
and all other* have inter\ r al* of tv*t 

Motion. Tin* interesting 
quality of cell-life ha* only 
lieen carefully at tidied of late 
year*. Mo*t evil* have a limit- 
ing membrane or re//-* roll, eon 
stating merely of the hardened 
exterior of protopla*m. This, 
however, i* in many cose* 
cujmblc of a*«mning tbe newt 
diverge ahnp*' 1 *, known a *am<i 
fa fid motvmra/e, If a eolourte** 
corpui*ele in e tun; lin'd on a 
warm microscopic slide in a 
saline fluid, it in seen con- 
stantly to change it* shape by 
pushing out or retracting some 
part of it* ma*« 

In vegetable cells, Notice* or 
loetoi fan i»r*ctir within the ma**. 
and art' continually chang- 
ing their *haf*\ *o a* to 
cause the granule* m the pro* 
topla-un to flow in stream* 

Another beautiful form of 
motion i* found in ciliated movement*. 

Tlie riUatui fftilhtliitm— the lining membrane 
of the tur- passage* and 
other part* — consist* 
of cell* having on 
their surfaces row** of 
from ten to thirty 
amall hair*, which 
are incessantly moved 
with a distinct fanhing 
notion in one definite 
dilvet ion. several time* 
every second, Some 
cell* move by the Uwib- 
ing of a long filament 
at the end of the amall 
cell, by which they 
can progrea* for aome 



A WHITE HIXkOti COHPCaCLI ; VABlOtS PH ASSN OP 
m MOVEMENT IN THE BODY 



/ 




Locomotion. 

CVlfc* may move ac- 
tively or passively. In 
the bloocf the ecus arc 
borne along by the 
current, hut colour!*** 
oorpoaries aeem able 
to make their wav actively and at wiH— if we 
ena apeak of will m such bodies— about any 
port of the body. Their oomneau appear to 
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It VJOUOVS BODY CKIXfi 
A, eslhi ; % paravwetri rvlta ; c, tfBkmli < 

«* Ik ; a «ww opn» . r. wrrtsr orlk ; a, coha***r calk 
w a iwth ww*r>r rwlk ; l. ciliated reU* 


be guided by aome eort of Inatloot, and are by 
no mean* haphazard f IS]. Cfcreful ramnk by 
Metacbnikoff at the Paeteur Laboratory haa 
shown that colour- 
lee* corpuscle* flock 
to any part of the 
body, where any in- 
flammatory or infec- 
tious prooeaa is going 
on (from the leg to 
the cornea, for ex- 
ample). and there do 
their best to rid the 
body of any intruding bacteria by swallowing 
them. Anurboid cell* of this type have been 
seen to work themselves up 
through the deeper tissues sur- 
rounding the bowel, pushing 
aside layers of cells in their 
course, and emerge into the in- 
testine, and then seize on bacilli, 
and after swallowing them, 
make their way back again. 

Animal Celia, all origi- 
nally of a more or It's* rounded 
shafie, attain the most varied 
forms, in accordance with the 
tissue** to which they belong 
{ 14]. They may Ux'ome hex- 
agonal. a* in many internal 
mem brant** ; polyhedral, dis- 
coid, a* in the Wood ; prickly, 
as in the epidermis ; scale-like, 
as on the surface of the skin ; 
columnar (like bricks on end), 
as in the di»epest layers of 
the skin ; cubical, as in many 
organs ; wedge-shaped, as in 
the will vary glands ; crescent - 
shafted, branched, stellate, a* in nerve tissues ; 
fish -shaped, forked at one end, as in the ureter*; 

eantie - shaped, as in 
muscle; or ciliated, as 
already described. 
Again. they may become 
fibres, as tn connective 
tissues; or tubes, as in 
capillaries jig]. 

The cells ate mostly 
connected together by 
intercellular *mb«U»nct, 
originally produced by 
. 4h«r own bodies. This 
consists of a materia) 
like protoplasm, only 
without vital proper- 
ties, or it may con- 
sist of deposits of lime 
salts, jot of tine fibrillar 
material. The cell* 
may. on the other 
haad, be in direct con- 
tact with one another, 
by thin 
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14 KINDS or KPITIIKI.IAl. CEU.S 

A, I'Mluuiliat « rlU of IhU'AtllM* , H, 

<lr*l of llirrotijumtiva . c filial,-,! 
''oi»lr*i i etl* of I hr trarhra . !•, cl I laid 
«vlk *»f » tniMiUt , A, ItncMct r»mi 

«'a’ o»H « trachea ; r. «|»ai»H>u» cell «»f 
cailt) of mouth, pern fnuu hr«a<1 «ur- 
face , (I, M|tian<im* <rll. *ccn cifftwa^B 


iNip*»»a 

u. 


Prom these twb mat nriah t of which $ha ceils aie 
the bricks, and Iks htfoaHiUr snbstanes is 
of Iks body is bud* 



mu THE INCALCULABLE POWER OF IDEAS 

IDEAS 

2 Ide«which have Changed tb« F*ct of the World. Creator, of Nn, 

ladnatnea. Pioneer* of Revolution. The Golden Kay of Fame. 


By ERNEST A. BRYANT 


vr/HEN (hr British Association met in South 
™ Africa m the summer of 1905. t wo striking 
illustration!* of the power of an idea were 
afforded to even the most canual observer 

The first was well expressed in the inaugund 
speech of the President. Professor ('*. 11. Darwin 
He said : i4 Bartholomew Dmx. tlw* discoverer 
of the Ope of Storms, spent sixt4*en months on 
his voyage, and the little flotilla of Vasco da 
(iama/sailing frvmi I-i*l>on on July H. 1479. on’v 
reached the (‘ape in the middle of Nuvnnlrf 
These bold men. sailing in their puny fishing 
smacks to unknown lands, met the fs*ril* id the 
sea and the attacks of savage* with equal 
courage. How great was the danger of such a 
voyage may I*' gathered from the hirt that le** 
than half the men who sailed with <la Gama lived 
to return to LisUm. Four hundred and eight 
years have passed since that voyage, <md « 
ship of 13,0i)O ton* ha* just bn night u* here 
in safety and luxury in but little more than a 
fortnight " 

Conquest of Time and Space. The 

comparison would have Iren still more Mrikitig 
had I*rof<***or Darwin mw turned then. o*h*<h<! 
mention at alntcrniccting of he same august t « *< i \ . 
that hi* own great-grandfather. Dr Kr.’t*mu* 
Darwin - w hi we speculation* in the direction id 
natural select ion had in some measure until ipated 
his illustrious grandsons investigation* hatl 
predicted, a century and a half earlier, the mean* 
by which the British Association was enabled 
so rapidly to make the passage But when 
Erasmus Darwin spoke ot engines driven by 
steam, hr sjwike to men in what to them wu* a 
parable, which they did not understand any 
better than mm of all preceding time had 
understood. The germ of the idea was in many 
men's minds, but Watt and Stephenson were 
yet unborn, and then* was no one to bring it to 
birth. 

The second thought which must have struck 
the observer was that though the British Assoeia 
turn waa meeting six thousand miles away from 
London, yet we were all able at breakfast on 
the following morning to read the report of their 
proceedings! their excursions and discussions. 

fittam and tho Tslegrsph. In thorn* 
two instances of facilitated and safe travel. 


and the rapid transmission of news from one 
hemisphere to another, we have typical exam- 
ples of the power of an idea. Steam has 
existed ever since the sun wanned the waters of 
the earth ; yet not until Queen Victoria had 
been a year upon the throne did it occur to 
man aenoualy to apply it to navigation by 
<*»P*oyin« it to drive a vessel across the ocean. 
All the possibilities of the telegraph were of 


coeval birth with civilisation, but the practical 
apjdicatton of I he idea antedated the sfoamlioat 
by only a year. And then its projectors dared 
not dream how vast and significant was their 
creation. They little thought that, fourteen years 
later, a c*t4e weighing ;>.5M0 ton* would hr laid 
ocmtM the Atlantie. Only it* detractors were 
certain as to anything, They •• knew ” that the 
project must (ail ; they * knew it for another 
eight year*. Ami then the Atlantic was effee 
fuallv bridged by electricity. and the thousands 
of miles Mqiaratmg the old world from the new 
rendered a* met *li*»der able as the distance 
Is lwt'en one |»ari*h and another 

The value of the idea which gave us wire 
less telegraphy we are even now unalilc to 
estimate So illimitable t* the hortVOII opened 
bv tin* new phase that not the m««*t sjw’culative 
eon fix the limit <d its *cnpr It may change 
the eondit ion* t»f our In e* n many wav* of which 
wt do not dteaut Our ivla’ i<»n* with distant 
friend*, f <* think of oti«* example only, may e 
entirely abend . the friend across the world 
may ls*«'omeaii altm*»t next door ncighls*iit . One 
thing i* certain in the not distant future we 
-hall *i *c the IsNist of Ariel left a relie of a 
dark age The eaMes have already done for us 
what he promised , they do put a girdle round 
the earth in forty minute* What the new prin- 
ciple will effect will Ite to send the human voice 
the name journey in one sixtieth of the time 

Th® First Lucifer Match. The •igruti- 

eani*e of All idea ran never tpe realised at 
the moment of it* birth The alchemist* 
were the first to discover the readmes* with 
which sulphur can he ignited, but they left 
their discovery at that Meanwhile men, civil- 
ised and savage, sought their tin* as men had 
sought it from prehistoric days TV savage 
rubbed wood ; the civilised plied flint and 
tinder as they had been plied from the dawn of 
the iron age. Then cane* a Simple Stockton 
chemist, to whom occurred tV »di*a of making 
the first lucifer match from pieces of wood 
dipped in chlorate of potash and sulphur. At 
one l»ound the ages were left behind, a boundary 
between civilisation and savagery establishru. 
Even more striking was the advance made when 
the light of coal-gas first lieamed forth upon the 
waters of the Thames from the pioneer lamps 
upon Westminster Bridge. The oil lamp of the 
savage waa rough and crude and filthy ; that of 
the philosopher and warrior of cultured Greece 
and Rome beautiful and ornate ; but both were 
the same in principle. British history in Parlia- 
ment was all made by candle-light, or by the 
feeble flame of the bowl of fat and wick of fibre. 
Then a man's idea literally illumined the dark 
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plans* of the ottw* of the world ; and the electric 
light, wonderful a* it t*. was the km wonderful 
i mo It came, because of the manifold merits of 
ita predecessor and rival. 


lalflltctuai Capita! of tha Raoa. 

rbeae am (act* which enable us, by contrasting 
the present with the past, to appreciate the 
power of idea*. The ship* with which Kelson 
crushed the naval might of Napoleon were but 
developments of the war galleons of the primeval 
Norsemen, and depended upon the principles 
on whieh the savage relies as he cuts his way 
through the waters of the sihnt rivers of America 
or Africa. A single first .class ironolad of to-day 
would sink the oomhined fleets of Nelson and 
Napoleon. And men's brain* are daily exercised 
to Wing about new devices which shall render 
the present fleets of the world as useless as the 
old warships of unarmoured oak. 

When a thinker gives an idea to the world be 
increases the intellectual capital of the race. 
He cannot say in what proportion profit will lie 
reaped ; he cannot always prwiirt in what 
direction results will tend ; he cannot, from his 
close-range view, see very clearly whether his 
discovery lie a pearl of price or merely a day- 
dream, unworthy of permanent record, fie 
must put it to the test. Alfred Russel Wallace, 
dreaming his feverish dreams in the Moluccas, 
was too modest a man to let himself believe that 
he had solved a gigantic problem when one 
afternoon there Hashed in an instant upon his 
mind the idea of Evolution, the survival of the 
Htlost, and the variation of species. That 
evening he drafted his theory; on the two sub- 
sequent night* he eluUirated it. Then he posted 
ot! his notes to Darwin. Neither had guessed 
that the other was working on the subject; 
neither for a moment suspected that he was 
about to create a revolution in thought which 
was to rouse the whole civilised world to the 
highest pitch of excitement. But Darwin, as 
we all know, was already engag< d upon the 
work of his life, fearing meanwhile, as he replied 
to Wallace at the time, that “ my work will not 
fix or settle anything." He did Hx and settle a 
great deal, as it was his privilege in after years 
to feci assured. But there are countless secret* 
vet to be rapped out of the stony besom of 
Mother Earth. Darwin and Wallace and their 
school gave us the hammer wherewith to do 
the tapping. 

How a FwtUtnec wu Dsstroysd 

As well by example as by precept, leaders of 
thought and action teach us how imperative it 
is alertly to act upon inspiration. Lotus Pasteur, 
whose mighty brain was a magasine of ideas, im- 
pressed upon his students that " in the Held of 
observation, chance favours only those who are 
prepared.** His own record is a signal exempli- 
fication of the power of an idea. What to the 
ordinary, unimaginative analytical chemist would 
fas the significance of two vats of beer containing, 
the one sour beer, the other good ! To Pasteur 
it meant the opportunity to revolutionise 
eh emie al and biological science. It meant to 
the world that a great and devastating pestilence 


was to be struck dead. The microscope revealed 
the fact that the globules of the sound beer 
were nearly spherical, while those of the sour 
beer were practically globular. Experiments 
showed that wine ana beer and milk are turned 
sour by the growth of atmospheric organisms, 
snd that when these are excluded the liquids 
remain sound. If wine and beer and milk can 
be kept sweet when protected from putrefactive 
germs, why not other forms ? Lord Lister, as 
he told us in a memorable address, seised upon 
Pasteur's discovery, and the antiseptic treatment 
for wounds was bom. 

A Revolution in Surgery* l T ntil tben * 
anesthetics, that Godsend to suffering human- 
ity, had proved rather a curse than a blessing. 
In the days when operations had to be borne 
by conscious patients, the man with the readiest 
knife and strongest nerve was the most suc- 
cessful craftsman. A serious operation must 
lx* raced through, or not attempted. With 
greater leisure afforded for more extensive and 
delicate operations, the scope of the surgeons 
wa* enormously enlarged. But pestilence stalked 
in the wake of the new discovery. Gangrene 
became epidemic in the hospital wards of the 
world ; in places it was attended by a mortality 
rate of over sixty per cent, after operations. 
With Pasteur's discovery developed by the 
master hand of Lord Lister, surgery was revolu- 
tionised, and no operation impossible. 

No person imagines that the birth of even so 
epoch- marking an idea as this constitutes a 
royal road to perfection of knowledge. Pasteur's 
and Lister's investigations read like a fairy 
tale, lister's in particular thrills with human 
interest, a* we see the great mind of the 
thinker groping from the dark into the light ; 
see him win his first triumph over putrefaotioa 
of the wounds by the use of carbolic which 
caked upon the incision, and by the use of a spray 
which time proves unnecessary ; then see him 
finally attain perfect mastery of the subject. 
With the antiseptic treatment added to anes- 
thetics no wound need now be declared hopeless, 
no organ of the human system too remote or 
ielioate for effective treatment. 


The Birth of ta Industry* Into the 
gravest research and study humour will creep. 
We laugh at the bizarre and fantastic orna- 
ment* of savages, yet a fashion of the 
part of the Victorian era was found by the 
scientific mind of Dr. Bockiand to depend upon 
a misconception more ludicrous than any 
embraced by traveller's tale or creation of the 
humorist. Beautiful women. Society leaders, 
were wearing as charms, as earrings, bracelets 
and what not, highly polished substances which 
were understood to be rare British minerals. 
Gbrtam markings and other evidences gave the 
brilliant Dean of Westminster a due, and led 
him to an analysts of the curious adornments. 
The result was as he had suspected. The charms 
and earrings and so forth, set in gold and 
decorated with gems, were simply the famSamd 
excreta of extinct monsters by whieh our aland 
vas onos inhabited. The discovery would 
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ivt bmm Urtiif and intwwitin| to the 4reh» 
iopt bet nothing more had It remained there. 

; To the ordinary mind there does not appear 
'any dearly traceable connection between t be 
’(earring of a Society belle and a vast agricultural 
indue try. Bat the second grew out of the first 
Buckland recognised that in these age-old 
deposits, of which vaat quantities were available 
jin certain valleys and river-bed*, were properties 
of value to agriculture. Liebig, the great German 
f chemist, happened to be in England at the time. 

■ and the Dean took him to inspect the deposit* 
He aaw at once that they must contain abundant 
of phosphate of lime. He took hack some to 
Germany. and then* made a careful anal twin 
which bore out hi* theory. And from that 
discovery originated the great industry of super- 
phosphate* which ha* wrought such enormously 
important result* for agriculture. 

Future of Our Food Supply. We 
pay a princely salary to the man who can 
cook better than hi* fellow*, who can invent 
new dishes from conventional material ; and wv 
make the chef a* much a hero a* if he seriously 
benefited humanity. For the man who doe* not 
affect the habit* of the gourmH there i* quite 
another hero — the Berthelot, who, from expert* 
ments in a common garden and hi* latioratorv, 
devise* scheme* for feeding the multitude. It 
may he a scientific Utopia impossible for realisa- 
tion, but he has pointed to s day when hi* 
schemes will enable u» to convert our farm* into 
narks and gardens and to look to the laltoratory 
for our food supply. Every man will carry in 
his waistcoat pocket his tabloid *upply of food, 
each pellet containing all the properties essential 
to the maintenance of life. 

Huch is the Berthelot dream —the dream of 
the man around whose work synthetic chem- 
intry has grown to proportion* undreamed a 
generation ago. It may be only a dream, 
but it is not idly to lie dismissed without 
examination. In a rather fierce generalisation. 
Dr. Russel Wallace ha* declared that whenever 
the scientific men of any age disbelieve other 
men** careful observation* without inquiry, the 
scientific men an? always wrong. It ts well to 
remember this warning, without unreservedly 
accepting it, when doubt is cast upon the pro- 
mises of a Berthelot. That man should make a 
meal of a pellet seems hardly less protiable than 
that he should shiver a mountain by the aid 
simply of liquid air, or extract from coal tar 
the most exquisite dyes and secnU, a substitute 
for sugar, a substitute for quin me, and an 
increasing number of amazing products. Every 
theory which Pasteur enunciated was denounced 
by some of his most illustrious contemporaries, 
yet in each he was right. He who had never 
seen a silkworm was the man destined to cure 
the ravages which were ruining the silk industry. 
He was the man whom the world was destined 
to biem for providing cures for, and preventives 
of, hydrophobia, and diseases which were slowly 
but snrelv exterminating domestic poultry ; for 
finding the antidote for anthrax, a malady by 
which the whole world, animal and human, has 
Iran time to tune been scourged- 


Fighting Flagun by I otoaoe. The 

field for great ente r prise s is still largely 
virgin soil. Hen like Sir Norman Loekyer look 
to sunspots wherein to read the secret or famine 
and pestilence in India. Other*, like Sir 
tlemenU Markham, keep their eye* upon the 
earth, and there win relief and benefit for the 
million. The story of this great man s intro* 
duction of quinine into India is the story of a 
noble tdeadartngly. unfalteringly earned through. 
He had to procure the tree from IVru, and the 
danger* an) difficulties attending hi* task were 
innumerable. But be succeeded, despite all 
peril*, and ha* hren allotted hi* plaec in history 
a* having jierfornted a serviee of the highest 
value to humanity. What it mean* may he 
e*timatcd from the fact that, unless checked by 
quinine, malarial fever kill* more profile every 
year in Southern lmlu than the worst of cholera 
epidemic*. Now, quinine t* the one sovereign 
sjsH'ific agiiiitst this deadly fever. In the 
same category with Markham come men like Sir 
Joseph Fnyrer, whose researches were under 
taken outside hi* ordinary sphere a* a surgeon, 
with a view' to com Isitivig snake lutes. Ifioncem, 
each in lit* own path, the*e men translate into 
act* ides* for saving our great Dependency from 
jilsguc, [test ilence. and the j»oi»on of the serjirnt. 

in spite of all that ha* l«een achieved, 
however, there remain* much to lie done in 
our tropical colonic* In India alone five 
million people died in HNM) from malaria) 
fever ; and there have long licen more place* 
than Sierra lv*one meriting the description 
of *’ white man * grave ’ It remained for 
a soldier-scientist in Major Ronald Ross to 
elueidofr the mystery of malaria and yellow 
fever ; to show, after year* of dispiriting effort, 
that the malaria germ enter* the poison gland 
of the mosquito and i* transmitted thenre to 
the Mood of the human Icing, The remedy is, 
so far. todo away with the swamfM and marshe* 
in whieh the m«»«quito* breed l>e«n Buckland 
created a sensation by preaching in Westminster 
Ahlicy from the text. “ Wash you. make you 
clean. " at a time when cholera raged in England. 
Major Rohm preach«<* cleanliness, sanitation, 
drainage The remedy i* primitive m its sim- 
plicity ; but the idea which led to it* di* 
cowry ha* given it* possessor immortality 

Radium • When Sir H umphry Davy *|*ike of 
• 4 radiating matter," he ihshJ a phrase which had 
no meaning for hi* generation. A century wo* to 
cla|ise before the idea developed fully tn the 
mind* of the gifted H. and Mmc. Cur/\ who 
were U* discover radium to the worhl. And 
then, at a Ixiund, scientist* were transported to 
a world whose border-line* had so king eluded 
them. Infinitesimal a* are the quantities in 
which radium has so far licen found, sufficient 
has crime to hand to demonstrate the possibility 
of its revolutionising science. A competent 
authority ha* calculated that there is stored 
in a single grain of radium sufficient energy to 
raise 300 tons to a height of one mile, ana for 
an ounce of it to drive a thirty home -power oar 
round the world. 

Its potentialities aa an illtuninant. too, seem 
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botmdkm mm the blind am made to “tee"* 
its light Mott important of all, am a curat iw 
•fancy in disease radium seems destined to 
take • commanding plow. Already certain 
forma of cancer have been cured by it* aid. 
and we arc only at the beginning of our know* 
ledge am to ita wonder working attributes, 

Idcaa Btgal I daaa. Huch are w»me of 
the way# in which the idea* of thoughtful 
men benefit the race, and, step by atc|i, bring 
ita nearer to the millennium. Every discovery 
Iwgeta more discoveries. Pasteur's investiga- 
tion with the sour wine ami beer gives us 
antiseptic t mat merit in surgery ; it also makes 
powtilse the preservation of food, so that the 
delicacies of tne four corners of the earth may be 
brought to augment the meagre resource of our 
own little land and our indifferent climate. Her* 
theiot, to assist in the defence of Paris, invents 
explosive* which prove of such importance in 
industrial arts that their value for the purposes 
of warfare Imcomcw by cotnjmrison insignificant. 
Maxim* during his service in the great (Ivii War 
of America, has the idea of his machine gun 
M kicked ” into him, as he expressed it. The 
" kiek ” of the rifle was so much wasted energy ; 
he conserved that energy to make the most 
form id a Mr fighting weapon of its character then 
known to the world. The builder of the Tay 
Bridge, warned by the tragic failure of the man 
whose effort had preceded his, has to formulate 
anew plan. Its execution is Iwyond the capacity 
of the tool# at his command. He invents his 
tools as he proceed*, and. incidentally, a new 
industry springs up from this un*u*)joctcd source 
of wealth. Them was a call for new implements, 
though its existence had not occurred to him. 

Idm which were Rejected. Then* 
is always a call for new ideas. Statecraft 
needs them; the empim of husmess need# 
them mom. The pity is that a brilliant idea 
may at times Is* turned to evil account. Jow ph 
in Egypt was tin* father of “comers/* His 
beneficent prudence *avcd Egypt in the day of 
famine. I’nhappily the idea lias Iwn seined 
upon by tlie unscrupulous to make profit at 
the expense of the many— to “comer” the 
food of the people. It is to the credit of 
the British Go vent men* that it has l**fore 
now rejected brilliant ideas which might have 
been applied to the arts of war. The war- 
plan of a former I*ord lhmdonald was refused 
as bring too terrihle to employ against civil* 
ised foes ; and. upon tlie same grounds* the 
invention of Lord Hayfair for the discharge of 
shells which art tire to ship* and garrisons, and 
asphyxiate an entire corps or cmw, was shelved. 
Many terribly ingenious plans for war are 1 tanned 
for the like mason. Tlie inconsistency of it 
appears in the fact that while an army may not 
poison the drinking supply of an enemy, any 
public or private body may with impunity poison 
the river* in its own country. For the man who 
can solve the problem of river pollution in 
En g l an d there await* a rich reward 

To be < 


The Mam of Idm * Mitftml Am*» 

The day of the dreamer has gone. So many 
minds are applied to problems that* if the guerdon 
is to be secured* the man with an idea must me 
to it that none other comes before him in making 
plain his discovery. It is to the undying glory 
of European scientist* that all their greatest 
discoveries are given without money and without 
price to the world. In America the custom is 
not always so chivalrous ; the aid of patent law 
is invoked for discoveries in pure science which* 
if made in England, would be freely laid at the 
feet of the jieople. This, however* is a con- 
sideration which does not affect the many ; the 
dividing line is sharply drawn between ideas 
upon which the world has a legitimate claim, 
and those whose profit should rightly .accrue 
only to their originator. TK© point is, that all 
who set themselves to the elucidation of problems, 
great or small, must seek without delay prac- 
tically to apply them. Science must now be 
applied. The scientific recluse to whom his 
laboratory is the whole world declaims against 
this theory. But study for study’s Make must 
lie the delight of the selfish few. The man of 
idea# is a national asset upon whom bis country 
has definite claims. It was a discovery of 
national important* to Germany when her 
chemists discovered how to make artificial 
indigo, for they killed India's great trade in the 
natural product. 

The Application of Ideas. There 
must* then, lie no delay in the application 
of discoveries to their proper use. Proems 
tination may mean that a man who rightfully 
should be acclaimed a pioneer may become 
merely a follower. Great minds run frequently 
upon similar ideas. The memoirs of I)arwin 
and Wallace on Natural Selection were read 
upon the same day before the Ltnnnan Society ; 
(>o* and fluen* de Hauron simultaneously com- 
municated their process of indirect photography 
in colours. Granam Bell was only two hours 
ahead of Elisha Gray in patenting the tele- 
phone. Many other instances might la* cited of 
simultaneity in discovery. In every field the 
searcher# are busy, but then* arc many mines 
yet to be located. 

For the art of war initiative and organisation 
an* ever commanded. For the arts of peace 
there must lie even greater alertness. The case 
remain# as Pasteur put it : “ Two opposing law* 
seem to be in contest. The one, a law of blood 
and death, opening out each day new modes of 
destruction, force* nations to be always ready 
for battle. The other, a law of peace, work, and 
health, whose only aim is to deliver man from 
the calamities which beset him. The one seeks 
violent conquests, the other the relief of mankind. 
The one places a single life above all victories, 
the other sacrifices hundreds of thousands of 
lives to the ambition of a single individual. 
Which of these two laws will prevail t God 
only knows ? But of this we may be sum, that 
science, in obeying the law of humanity; will 
always labour to enlarge the frontiers of fife.” 
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By JOSEPH C. HORNER 

IT in not intended to ronsidrr hn» the *trpng.h machine tool* wd of itnun engine*. Tkow of 

m material* in the * he tract, from the point nuchmr tool* have to be large enough to receive 

of fifw of tout*, and of the charm-tor ol t hr mtmorott* htwln, «ikim, and npimltca, thw of 

varhni* *tmiw to which t hoy ivre luhject. That engine* nutat combine aupporta for cylinder* 

» being done in the Omrw on Matkeialh and and dide*, and liraringa for abaft* and apittdlea. 

Snt’mm What u> pmjxwd Here i* to In modern prwet hv nearly all mechaniatu tendx 

ohnervt* how material* are aclcoted and employed to greater oim nitration, machine* mcreear in 

in the conatniction of raa'huw*, with a view to dimcn*t<ttt*. rendering modification* in dratgn 

the util i*ation of their characteri*tica to the nerowtary, one of the principal of which i* 

bmt poaaiblc advantage that ma**ivc framing* often have to lie built 

It is neoeaaary to remember aorae point* men up in aeveral *eparate pHM*, united with 

tinned in the preliminary chapter of tin* < 'ourar, bolt* 

eapocially thoac concerning economical manu Daaign of Mi and Framing*. In 
factum and *uital4e factor* of a&fety. The coru>i<lcring. hr*t, i|»e do*ign of l«*ln or framing* 

dcaign of machinery can never lie regarded one would like to know how to apply the lenwofi* 

apMt from manufacturing condition*, and the on the *treiigih of materia!* which are gathered 



1. MART ASH C.FY or TlMHKR-rKAMKI) DR«iHt< * FRAME, 2. MART OF TIMM Ell * 

CONNECTED WTTff A CA*TI\Ci AM) A *»||<i!MO. FRAMED PEEEtCE FRAME 

Tbc 1<miUm La lu Mwa UtulMtt. MtUd with r**t iron bearlftf* 


testing machine i* hut a bam* upon which design at the testing machine. It t« a* well to caution 

ia embodied l>y the aid of that exjienenoc which the *tudrnt that very precise rraulf* are not 

cannot he disregarded attainable in thw direction. Thai ia, though 

The Bae ii of Mechinlftni, We have the t eating machine ahow* that ca*t iron, *ay. 

awn that a movable mectuuu*m t* properly dm- t* capable of *tu» taming mormon* cru*hmg 

tinguiabed from the rigid bane or the framing to atrmaea of 40 to SO ton* per inch, it would not 

wiuch it ia attached, both of which m combina- do to make a machine framing aubjeriod to *uch 

lion oompriae a machine. Tin* dtatinction ia at ream* very tbm and light by calculat kina baand 

wy important from the point of view of on teal*. if you look at an approved dcaign of 

m*t*ri*h uaed. Generally a baae, or a bed, or bed or frame you aee that though it mav never 

frame ia maaa-ivr by comparoun with the be aubjected to more than a few tone of load, it 

mrebanimn which it came*. It i*. moreover, ia ao designed thaM he imposition of hundred* of 

almat invariably of much more complicated ton* would be required tocraah it. Thia ia due 

font than any of the tingle dementi of which to arvcral cauaew, inch aa complication* in the 

tha mochankm ia built up, becauae ita form haa at ream* , the principal kind being that of the 

In ha deaigned to iwceiTe the variou* porn* * of act ting up of vibrationaof more or leaa mieoaity ; 

attnehinent of theae element a. Famdiaritluatra* the rapid changing of atieaaea from one kind to 

9ta» tiMUfha oeear in tha frankfi of variooa another, and «ko the imperfectiona inseparable 
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from manufacture* to j 


j of an incalculable 
tooter In some oases, as w^biddendefecU 
mar which no toot place could iwveaL No 
cautious engineer aw assumes absolute round* 
0M in work : be systematically regards il all 
with susptckm, end than allows a large margin- 
factor of *afrty~~\ot the unforeseen contingencies 
which experience tells him arc practically certain 
to arise sooner or later. Metal is not massed out 
of caprice, for it is such expensive stuff that the 
aim always is to use as little as possible con- 
sistently with safety, hut the trained designer 
knows that in many cases it must be lumped , 
because his experience reminds him of esses 
where a cheese-paring economy in this direction 
has resulted in costly failure. 

Materials Used la Framings. Con- 
sidering the materials used in heel* and frame*, 
we find that they an* strictly limited in number. 
They are timber, cast iron, 
cast steel, and what is 
termed plated work, that 
is, plates and sheets, and 
rolled sectional forms of 
mild steel, or wrought iron. 

Timber. Timber is 
very little used in machin 
ery) but in the wider field 
of mechanical construction 
it fills a large place, it is 
employed m the construe- 
(ion ol roofs, piled founda- 
tions, and other de- 
partments of con- 
tractors’ work. In 
machinery it tills 
a useful place in 
some truck 
framings, m 
some crane 
framings, re- 
ceiving at- 
tachments of 
metal (1 and 
2). hut it has 
been largely 
displaecd by 
the plated 

qw* of const ruction, or by that in which 
iled joists and other allied sections are used. 

Cut Iron. This is the material which is 
employed to an immensely greater extent than 
any other for machine bases and framings. The 
reasons for this are the following. 

It is cheaper than any other oast material, 
costing in the form of castings from £8 to £12 
a ton on an average. Some exceptionally 
intricate work may run up to double these 
sums. It is, therefore, not so cheap that it 
can be used in a reckless fashion. But steel 
eastings are about twice as expensive, and so 
is average plated work. 

The fact, too, of a bed or freme being produced 
by easting practically limits the oho** to iron 
in very many eases. Looking at a complicated 
toning (S] haring bearings, homes, logs, 
bracketings, etc., standing out in awkward 
positions, the fast becooms obvious that by no 
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other method than that of producing the tope 
in a mould, and pouring in liquid metal, conk 
an economical construction be practicable. This 
is different from saying that it is impossible— it 
is only, commercially speaking, impracticable. 
Therefore, we find that in those oases where 
framings are produced by bu ildin g up with plates 
and rolled sections, theee are only adopted in 
relatively simple designs, or else designs are 
modified to embody simplicity. Hence in these, 
of which many crane beds and framings affair 
excellent examples, the plated work is all plain, 
comprising mostly rectangular outlines ; anc 
awkward shapes are made in the form of sxnal 
castings, and bolted to the plating [ 18 ]. 

The great advantage of casting is, of course, 
due to the fact that the metal is poured while in 
a liquid state, so that it will fill any impression 
prepared for it, however intricate. In plating 
and forged work the metal can only be 
bent, drawn, hammered, rolled, cut, 
welded while at red or white heat, but 
still retaining a definite solid form. This 
restricts the formative processes within 
very narrow limits by comparison with 
those possible with liquid metal. In the 
latter the real formative work is thrown 
hack on the pattern, which, being made 
in w'ood, is readily cut, and built up, 
and shaped to any outline whatever. 
Take as a very extreme case a highly 
ornament ed lamp column. The pattern 
for this is reaaity rut in wood, but 
imagine the tediousness and expense of 
the task of making such a column by 
forging ! Rut the same contrast obtains 
in many highly-elaborated framings. And 
once made, does 
duty far scores 
or hundreds 
of similar 
founders* 
moulds, whil? a 
piece of placed 
or forged work 
stands alone 
in its manu- 
facture. 

Valut of RlgMfty. Another good reason 
why cast work is preferable to plating for 
mam framings is that it is more rigid. The 
reason lies in the fact that mild steel and wrought 
iron are immensely more ductile and elastic 
than cast metal, and they, therefore, vibrate 
much more under variable stresses than cast 
metals da This is a very important point, 
because vibration is one of the worst evils that 
can be present ,in almost any machine or engine. 
In machine tools the sole reason why beds and 
frames are stiffened up so enormously in excess 
of that required for mere strength is the elimina- 
tion of all traces of vibration. Most of these 
framings are perhaps from fifty to a hundred 
times stiller than they need to be if mete 
strength to resist fracture were alone considered. 
A mere trace of vibration would result in chatter 
end inaccurate work, end would jurodwee wavy 
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NUMEROUS BOSSES FOR SHAFT BEARINGS. 

Tile hearing* are boohed *rtth bronse. 



jg&dtty nan W obtained with far grantor oorad Mi j hydraulic cylinders. and 


rod. practically inponibh to produce such forme by 

l any frame method*, af 
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Castings Versus Forgings. If. ag*»n, we wen* plainly 

compare castings with forging*, wv wn» at on«t» edges j 7 J, now 

the rea sons why each occupies a different sphere would not U 

of utility from the other. Forging* an* not m> framing*. It i 

readily made an canting* uni**** large quantities amount of met 

are required alike, in which cam* die forging if arranged in t 

effect* irnnwn^' maonum. Hut forging and So in all hollo 

canting each occupy a ™ 
dint met and ntrongly- p j. aniiis H h 

neparated nphen* A cant- ; [ ...7] 

tng in rigid and brittle by ] , j 

comparinon with a forging. T ZB r 

and w therefore to lie prr- 8 1 4 j 

ferred when rigidity in 8 [ j 1 

e s sential. A forging u | j 1 

tough and ductile, and in, H a & 8 

therefore, employed for g. mr u. cross -section for engine 

pteeen of small nection, an beds, showing tiik “box’* For* 
rodn, lever* [4J, nmall and deep ribbing. 

crank*. There in a border The bearing* an I «r*mn, the )^l of earn ir*m. 

line where either in uaed _ 

ind lAcriminately. an in small (~fer? r 

piece# of many kinds, uned in E E ■ — - 

ftU mechamsmn, and subject \~ 
to comjparatively little stress 
{•}. uk these, die forging 

cooms into increasing rivalry ^****< 6^.- — 

with castings. But in the rJ. 

L “y • n^XWO MACHINE mlDO 

quMUon m to which ahould _ , ***’"/ 

|» emnloyrd. CWing More. th. ««» b-t qwiiw u 

is alt cylindrical work subjected to much massiveness, s 
vesr and stress, and having many branches, combined will 
holes* and p as s ag es . Among the best exam- and 9J. It i 
phs si this kind am engine cylinders [•] these the int 


any f aging methods, if- 
r n rri Q E8 erhere lightness is 

ij 7 (Ml j M [j an object sought* much 

i * j | fe| p intricate forging is done by 

i 1 it ILJh bending and welding. But 

i t f] J j H H d *• costly, and the rigidity 
j d/ i Q JP obtained’ m castings is 

ft .... another reason why the 

‘ --i*- 1" 

u , 4 must lie cast, oven if it 

»U*lr Imtlffcrvnllj' tij- carting . . . 

ur foruinc were practicable to forge 

them. 

r« ^ Arrangement of 

Lj. ^ Metal. Tlicre is, bow- 

A over, another reason for 

Ij \ I the superiority of cast to 

J | plated work for framings. 

I U licside* that due to the 

L-a; — c \\ difference in the ductility 

H a \\ and elasticity of the m* 

j ' ' \V terials. It IS due to the 

| \ foet that the metal can lie 

,| \ arranged in a very eeonomi 

’[ ( , cal and efficient fashnst m 

« *i * I’wtm*. \>y making th. 

7. 8.8HKU .RAW.™ U,t< r »**, ."f * IT 

. . . , . i" iMirallrletl in the hollow 

T ii U lift* l writ tHmrlv KuiH-rarHlcU . * t „ 

i*> Uie i>|V form of columns At diw 

time imsit framed cast mgs 
, w'c wen* plainly plnt4*d, and nlilol round the 

»n*t« e<Jgcft J7J, now stub a gaunt wasteful design 

here would not \w tolerated in heavy mwliitu* 

>t so framings. It is well undcrMt^nal that a given 

ities amount of metal m»**<*d tn a ftolid column will, 

gmg if arrang»*d in the b**ll*>w form. Is* much stronger, 

and So in all hollow machine framing**, termed the 

U>xcd typ, the maximum of 


/ 

M) 


RI&RKU FRAMINO 
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9. PLANING MACHINE PHAMINU WITH PAHA SOLIC TYPE OP BED 
AND HOUSING. 

The form bsst qsalifted U* rr«l*t lamdlnf stews ** . 

ted to much massiveness, strength, and general rigidity is 
*ny branches, combined with the minimum of material (I 
m best exam- and 9J. It is a by-issue that in many of 
cyUnders [9J these the interior is utilised for cupboards 
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and shelves ; tbe boxed form preceded those 
utilities. 

We understand now, therefore, why cast iron 
i» need for tbe 
majority of framing*, 
and why these are 
made massive, and 
generally of hollow 
form. But something remain* 
to be said about the limitation* 10. 
of oact iron. crani jib. 



lump}« or * 
•tnirUirt In which 
weight la leaaefMwl by 
Lattice bracing without 
rmluctkm in ttmigth. 



The Limitations of Cant 
Iron* Tbi* material i* admirably 
suited to withstand stresses tending 
to crush, hot it is extremely 
weak if subjected to tension, 
and is not thoroughly reliable 
to resist transverse and bend* 
ing stresses. These differ* 
enoes have to be taken 
account of in design, ('ant 
iron is loaded directly to an 
almost unlimited ex ten*, but 
it is rarely subjected to a 
direct pull. It is often sub- 
jected to cross bending, but 
the factor of safety must Is* 
high in 0>»t tW . Mid the ,, rvUf BAKREU 
natuif of the loadinx muMt MlMlf lmM 

influence the factor. A per- with ima. 
feelly quir»t or dead load 
is the most favourable. a 
vibratory or live load in 
risky. But by increasing the 
depth of a section (set* the 
lied A in 9. and parabolic 
housing 11] which has to Is* 
subjeeted to (tending stress, 
ample strength may l»c se- 
cured, because strength in- 
creases directly as the square 
of tbe depth. This in con- 
junction with the require- 
ments of rigidity just dis- 
cussed explains the reason 
of the depth given to 
horitontal engine beds, to 
long lathe IkhIa, and allied 
designs. 

Cast Steal. The only 
serious rival to east iron for 
framings is east steel. This 
would be used to a much 
greater extent than it is but 
for the difficulties of pro* 
ducing sound castings. The 
value of the material lies in 
its greater strength to resist 
all kinds of stresses, tensile 
and transverse as well as 
compressive. The writer 
has a vivid recollection of 
early attempts to substitute 
•foe* for iron in parts of 
im p oss ible for many yearn to produce the most 
ordinary steel nesting* free from blow •botes. 



11 CXRCCLAR BEAERfO LINED WITH 
WHITE METAL 
H«M Is OmUUsd groosa 

It 


locally ia 


These difficulties, well -nigh heart- hreslrbig to 
the steel founders, are not yet entirety over- 
come. There is always some risk of blow-holes, 
sponginess, and scabs in iron castings, but these 
risks are tenfold greater in those of steeL This, 
rather than the extra cost, explains why steel 
has not yet superseded east iron to any great 
extent for ordinary machine framings. The 
extra cost can be largely discounted by 
lessening weight, which can be done 
without reduction of strength, be- 
cause of the greater strength of 
steel over won. But dSreetly 
a departure is made from 
comparatively plain cast- 
ings, eauaily propor- 
tioned in their vari- 
ous parts, shrinkage 
stresses come in to 
complicate the difficulty of 
making sound castings free 
from Mow-holes. 

Laaaanlng of Weight 
In Framings. There are 
other cases now to be con- 
sidered in which an entirely 
opposite condition exists, in 
which the object is not to 
12. air PCM? hod. mrUM m etal, but to reduce 
'< “> f * r " powiW*. con- 

mating. sistent with safety. It occurs 

chiefly in design* of which 
the bridge i* the best type, 
and which it is necessary to 
lighten as far as practicable. 
Misuse the weight of the 
structure itself forms a con- 
siderable percentage of the 
load which it has to sustain. 

At one time nearly alt 
wrought iron bridges were 
formed of solid or continuous 
platen, a most wasteful de* 
sign, because the metal over 
very large areas was alto- 
gether far in excess of that 
necessary for security, and 
represented, therefore, so 
much useless load which the 
bridge had to carry. In a 
modem lattice girder bridge 
there is not more metal used 
than is required for safety. 
The lattice bars and bootns 
are never arranged in a fanci- 
ful style, hut the strength of 
every' individual bar is cal- 
culated for the loads that 
will be imposed on it,^oth 
in nature and intensity. Thus 
a bridge with a maximum of 
strength and the minimum 
of weight is obtained. And 
what is done in the bridge 
is done also in all structures in which a rimflsw 
principle is involved. It applies to the lattiea 
lemma of overhead travelling and bridge < 
to Urn Jibs of cra ne s to the 




w&T* of bUst faraarws, to the columns of fw bo fulfilled bk lb# moving parts of meehaafeal 


hokkrs, and rail war s a ion roofs, and to the 
roof principals when these are built of steel 
When speak- 

rag of mate* / 

rials it is not ^ t l 

possible to ; I Q*x 

pass over j It jf j ffU 

without re- j j 8 X 

mark t he revo- ! j ^ * Jf C. 

lution which 5 ( rf i 

the use of ij‘ t ^ 7 t r ~ 7 # V 

mild steel as fj j k . 

made tn fie* 1 j L, :V J 

semer and , ji “* " J 

open hear.h L - ^ 

proe^ ha* 14 axit. box r*>R RAii.wt 

effect el in t he The mtin Un U m*« I** t«f r**t lem or i 
design of twin* 4 t* o< beaut* or of wl 

mar hinery. 

First, the heavy timlier work 
of the old millwright* gave 
way to cast tmn. an 1 this to / 

wrought, to be displaced by J 

steel. The result is an e*. p 7 * 
tended an l e\er increasing ^ 

employment of the latter. 0 * 

with diminution of weight y—] J 

and more rleg.uv-e of form. < 

Essentisl Mechanlsma r J 1 4 

We next consider the select ion 1& j * / 

of ma'cnuU for the actual v fer^L . , 11 / 

rneehanmiim, regarded apart . 

from their l»a*e*. and soon ! L ^ 

find that condition* an* much l ] 

more varied inihese than they jg jaw* or 
are in those which control the iu«tu* rrn»<»t* 
sell*' t ion for the ba«e« of »u 

machine*. To the ijoefttiofi* 
of stress and strerig h an* added the problems 
of movement* of various kind*, the turning 
and sliding referred to tn the previous article, 
with the involved problem* of friction. Each 
of these offer* separa'e diflieulue*. 
and all mu*: i** overcome in /TT^ 
detail in 'he production of a / . - .* * 

practically pTfce. an! work* // \ 

able mechanism. /'/ ' S 

Materials. In o the /*/ 1 r» 

const ruet ion of moving // , 

pans many material* 

enter. They include b, . ■ jjM 


struct urea. 


; / yT < \ 

!j 7 t 


■ 




14 SXl.lt BOX rog RAH WAY WUION8. 

The malt* l»*t I* nm-lr »tf r*«t le*» or but Ih# Actual 

txrantttf 4 I* o< beau* or of while nirUl. 
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18 cast iroh and 
Tttou.KY w iiKKi,. orde 
chitisd smumi tit# and 

uvaJ n* »n«r, Tins 


It is of tbs 
very grea cat 
iwpir altos to 
cons-der tha 
general ques- 
iu*no(* mng h. 
The first anti 
m«*st essential 
rondit ion to 
lie fulfilled is 
apparently, as 
in the 1 km* or 
frame, strength 
to resist stress 
an<t strain, 
or deformat ion 
and fracture. 


16 JAW* or STOXR BUK \ K CR 
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east iron and cast s.iwl. rt VI 

forging* in iron and 1 j 

steel, very many // 
grades of alloy* of U Ji? 

copper, tin, zinc, alu. /•/ .1 

minium, e:c., wnth /*/ * *\ s> 

muiu e admixtures rl % ^ 
of o ber element, 

and made up in S ^rrrT7 » ? » « ♦ y.T 
the forms of east- trrKKL-rtJkTZD cat 

mgs, bars, rods, cwu iwa twin 

tabes, sheets, 

some of which, too, are subjected to special 
treatment, as hardening and tempering. Let 
as no:e the principal conditions which have to 


18. BTKEL>riJt < nED CR4SE 9IDC-rtUMK 
Ueiof ewet truo hcariagt U4l**d to It. 


niruu. irrwu w* ifwoti wrur | | YWrY 

comprehensive 

t way of putting the matter, 
because the term strength 
is so very embracing and 
rovers so much of detail. It 
may ht* strength to resist 
compression, or tension, or 
bending, or torsion, or steady 
load*, or vnrmh!" loads, First, 
then, the nature of the stress 
for each mcmler m»i*t Is* 
ai«*ert ained, and its amount 
estimated with as close an 
approximation to fact* as 
- |MM*ible, and thrn the suitalile 
, J —~ 7"~ z material wde«'tr*l and duly 
proport toned 

xr bhrakrr Rigidity and Elnstlllty. 

" ,U * ,,w Mm 

are assumed to rigid, tis ng 
^ - - - i t Ih* term in us practical sense, 

, ^ a — -J When a body yields In strtsis 

I an I l*M<fim«*s deformed in 

• , con*eqiierii* k , the degree of 

{ -* Y * * . elasticity by virtue of which 

f j r it ha* yielded is of great 

1 i imjxirl after . ls*eau*e It mu*t 

• ** m no c asr U- such tha< it 

‘J remain* a permanent sef. 

j 1 On the removal of thr 

j j ___ stress, the elasticity must 

1 ^ J l«r eijiial to the complete 

- removal of the deform* ion. 

17. KtVKBSIxo I.IXg This, therefore the elastic 
HOT MX streng.h of the material 

<A f.^4 tneaoin** it* capacity to 
rk id »M)h thr »r*r n*si*t stress, and not the 

ntMstic *nri**+ u ^ , m | or strength 

ieit<-d »rt rasr- |iaf)iete . , e r 

ins ihrtu. to resist fra^'ture, and it is 

a fundamental distinction 
* * ^ * * * * *7 CA*er to lie Isinne in mind 

\ tn designing mec hanisms. 

, w * v V *i Now. Nome materials atw 
. mtr%w more rigid than others, and 

* *, ;'** mot *rv iwtler qu«lift«d 

wud to M. to mij , t „„„ kind „« ,trM, 

than ano her, and this is tha resson for the 
tsieciion of one or more materials in prefer* 
ence to otbore (or given do* it*. 


As fit f**nr»4 

11) wlU^h thr »r*r 
»if Oit^HfkC U 

Ir*#ct*rd Irj r**r liAfiiete 
Ins thrtu. 
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Cast iron. a* ire h av© wen. will not endure 
much tensile stress, and therefore it is rarely 
employed ui such service. But forged materials, 
ana some east alloys, aa t hone of copper and t in 
with phosphorus, or eeitli alum niutn, will, and 
these, iherefore. are materials used largely in 
parte subject to tensile stresses, such aa moving 
rods of varioua kinds, in pump*, cng.nes, and 
mechanisms generally. They lack ihe rigidity 
in compression which castings pom****, and there- 
fore if used aa compressive member* their area 
must lie calculated on a liberal basis. 

Coat. The grading of materials by alloying 
elements in which iron and steel are included 
gives the designer any kind of ma erial re* 
quired for a given duty, hard and tough, or 
hard and strong, or elastic, aa lw*st adapted to 
resist the st reuses »mjH>**ed, and much of heart 
of the designer lie* in making a sin able selection 
from the weabli of ma cnals available. 

Here aga.n he quest ion of cos acts aa a correc- 
tive. Of en a very desirable material has to lie 
discard/nl for one less sui able licrause of the 
difference in pnee. But there are many dodges 
prae iscd which are more or less familiar, such 
as making parts in section*, facing or supple- 
m mting a chea|>rr wi h a more costly material, 
aa in some pump rod* and barrels [it], a plan 
which is adopted for o. her reason* also, as in 
frictional dr\u'—. 

Friction. The division in our first article 
of clrmcn ary mechanisms into turning and 
sliding |wnrs sugg's s the problem of friction. 
There are tn^eh in cal lie vices such aa lubrication, 
he u*e of long ts«ar ng*. ball, and roller hearings 
wi h a view o lesson frte ion, but ma orials also 
are aeloo ed wi h diis object. Stisd may run 
with steel. i urn rig on ball* or rollers, but not 
with sliding surface*. A steel shaft or cross 
head must move in east iron, or on a bronze, or 
brass, or a white metal alloy. But cast iron may 
slide on east iron, or ou ei her of hone alloys. 
Wrought iron will no slide well on wrought iron, 
hut it will on ea* . or on brass. The diminut ion of 
friet»on is essential to the durahili. v of a moving 
mechanism, just aa the strength of the ma eriAl 
has m U» correlated to a reas to prevent de- 
forms urn of frac ure. 12 to 14 are familiar 
examples of designs to diminish friotion. 

Hardened Surfaces. Intimately asso- 
ciated wi h the question of durability is that 
of certain mechanical p r oce ss— by which the 
physical characteristics of ma erials are changed. 
We allude to hardening process— effected by the 
smith or the found rvman. When a surface has 
to he subjected to prolonged and severe friction 
it is rendered as hard as glass, ei her by taking 
advan age of t he presence of carbon or by imprag- 
na'ing its surface wi b carbon. The first is the 
hardening of the smith effected by quenching 
red-hot steel in water. It is also the method of 
tbs iron founder, who rapidly changes the carbon 
from the graphitic to the combined condition* 
by ahflling— «.c. pouring the metal against a cold 
iron surface which forms that pardon of the 
mould. The chill only extends to a depth of 
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from one -eighth to half an in or thereabouts 
[15]. Or loose jaws of hard steel are fitted as 
in the stone breaker [16], or in the bottoms of 
mortar pans. The second is he method adopted 
when a forg ng contains no carbon* as in wrought 
iron and mild steel. A surface coating of carbon 
is produced by case harden ng— that is, sub- 
jecting the forging to the influence of carbona- 
ceous substance* in the presence of nitrogen in 
a closed Ik>x maintained at a red heat for several 
hours, aa in the link motion 17. 

Factor of Safety. The factor of safety, 
already men ioned several times, is so 
important a subject that it calls for some obser- 
vations of a practical character. This factor 
signifi— the difference, the relation, or ratio 
between the safe working load anl the ultimate 
or breaking strength of a structure. It may, 
however, lie conveniently taken as the relation 
lx* tween the working load and the el&s ic limit, 
or elastic strength, and if so, tha 1 must lie clearly 
stated. But in either case it means that when 
the strength of a strue.ure or a pari of a 
mechanism has boon arrived at bv calculation or 
test, it must never be subjected to any s.ress 
eorresjKindmg with that strength, but to a lower 
stress, often very much low'er. 

Methods of Loading. It is well known 
that the stress tha strains least is that of 
a dead load, or a load whi'di does not change 
either in in ensity or character. The load on 
foundation* and pier* is of this character, and 
so generally is that on beds and baseplates 
carrying machinery. Here the factor of safety 
is low, often not exceeding three in iron and 
steel — tha is, the struc ure would bo made 
three times stronger than the calculations for 
strength would give. It is higher for materials 
liable to decay, as timlier, for which it may 
bo from seven to ten. or to had jo nting, as 
masonry, where it might range from ten to 
twenty. 

But when the load is a live one, the factor 
must lie higher. A live load signifies one that ia 
being imposed and removed constantly. One of 
the mo«i trying loads of this kind is that of 
soldiers march ng over a bridge, hence the reason 
why hey have to break time then. A terrible 
accident happened once to a bridge in France 
due to the marching of soldiers in t ime. Another 
severe live load is the rolling load of a train 
naming over a bridge. So is that of a jenny 
naming acre— a travelling crane. In these cas— 
the dead load factor is doubled, or trebled 
generally* doubled if tbe stress is of one kind 
only, and often t rebled or nearly so if of two kinds 
as tension and compression al ©mat ing. 

Yet again loads may be impulsive* or of the 
nature of sudden shocks, such as occur in the 
lifting of crane loads, with the rapid stagings 
that are set up. The— axe incalculable, and 
In such cas— factors of safety of from tan to 
fifteen or even twenty are allowed in some 
members, or from three to four time* as much 
as for dead loads. Very often, therefore, cmw 
framings are cnada of plated steel and tha 
bearings only in cast iron [IS]. 



Bat m tm I im to to covirfkleml yet in fixing 
thin totor. Ai we cannot always calculate the 
nature and intensity of the tt teases on a struct urn, 
the value of experience comes in to determine 
how much to allow. And yet again the quality 
of material and of the workmanship has to be 
taken into account, until at last we find that the 
results art iced at with the losing mnrhw have 
gnoe but a little way in helping the designer, 
who has to apply this knowledge to works Uo 
mechanisms. 

Variation* in Material*. This last 
remark opens up another broad field alxnit which 
a btg volume might to written, the vans' ton* in 
m aerials nominally alike, and in the character 
of the workmanship put into mechanism*. Then© 
am quite as important as any of the other con- 
dition* already discussed in determining how 
much a machine ruav to trusted to perform and 
eft lure. 

It is because materials, nominally alike, vary 
so greatly in streng h. ductility, soun Inc**, and 
other characteristics that specification* arc often 
made very strict, and inspectors appoints!. We 
may have some rant iron twice as strong and 
tough as other cast iron, and similar difference* 
will to found in other met ids and alloys. A nice 
clean test niece of tint tor an inch or two in dies 
square and a foot long and free from shakes and 
knots, gives but a misleading idea of the strength 
of a commercial balk a b*H square and twenty 
feet long. Neither does a test tor of cast iron 
tell anything atonit the condition of the interior 
of a heavy casting poured from the sam»» ladle. 
And, further, most materials deteriorate in the 
course of year*, notably timtor, but also iron 
and steel and the mat. They are subject to 
fatigue, due to overwork, an I then tond or 
break under a much smaller strews than they 
have successfully endured millions of tunes pre- 
viously. They may become corroded, with 
diminution of section, and all the*© things must 
to taken account of. llecauso of this, factor* of 
safety am often mad© high in the first place, and 
working load* reduced from time to tira©, just as 
is done regularly in steam boilers. 

Workmanship. With regard to workman- 
ship, this enter* into all practical determination* of 
fac tor* of safety. It applies to casting* which 
often have hidden faults, to tbs pnx’ease* of 
welding, punching, and maroering. to tb© dniiing 
of rivet holes in bridges, to boiler work, to methods 
of riveting and caulking, to the nature of the 
fitting on engines, and to machinery involving 
an immense amount of detail. A badly made 
mechanism will soon knock iUwlf to pieces, a well 
fitted article has a long life before it. Those 
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facta, lardy mentioned hem, indicate the need 
for an extensive acquaintance with shop prartios 
on the part of the designer. He must know 
the fault* incidental to the work of foundry 
and forge, of the turnery and machine shop, 
and of the fitting and emoting departments, 

Th* Currs and Filial. Them k 
another aspect of design which, though it may 
appear of small moment, is yet of very great 
importance, namely, the employment of the curve 
and fillet instead of the keen angle. Angularity 
is not only an eyesore, but it is a great element 
of wreak news. Put a radius in a re entrant or 
internal angle, and the chance* of fracture 
through that angle are vastly lessened. This is 
not due to the slight extra metal hardly at all* 
hut to the totter arrangement of the crystal* 
bsation which results. It is most apparent in 
cast metal* where crystal* arrange themselves 
normally t<* the cooling surfaces, llut in forg- 
ing* it result* from the continuity of the fibres 
not toirtg broken, which is the nmaon why 
fullering tool* never have square edges, but 
always convex one*. 

Facilities for Ropnlrs. The designer 
of median t<al structure* ha* to regard another 
matter an cut indy practical one. that of afford- 
ing suitable facilities for building up. and taking 
ttfiart a mechanism for repairs. When these am 
n-*ce**ary an I they inevitably arise in all kind* 
of median '*in* f he more rapidly this ean to 
effected I he h*** will to the delay and expense. 
Many draughtsmen would fail in this if left to 
themselves. The subject is too wkle to to Illus- 
trated hem, but briefly it involve* the designing 
of a mechanism in stieh a wav that it shall no to 
n©<c**ary to dismantle it all to effect a slight 
repair. That is, if n shaft or broken wheel or a 
valve lias to to removed, it ought to to possible 
to do so without pulling th© who)© ining to 
pi©c©a. Good designers hear this in mmd, others 
do not. 

These are some of th© practical every-day 
aspects of a subject that loom* Urge in tbs 
applications of practical mechanics. It is as 
important to understand the characteristics and 
th© faul»s an<l weaknesses of th© metals and 
fhetr alloy's as to know how to estimate the 
nature and intensity of th© forces acting on 
mechanical elements. The behaviour of ma* ©rials 
at the testing machine is hut on© side of th© 
subject. That of their eharsef eristics developed 
in manufacture through th© various shops is of 
equal importance, and this knowledge is ga tiered 
in the. foundry and forge, in ib© turnery and 
machine shop, in th© mechanism in course of 
construction, and when under final tost, 
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THE PERSONAL VALUE OF TRAVEL 


Travel as an Essential Factor in the Development of Mind. 
A Means of Jo y and Profit Its Mental and Utilitarian Side 

By J. A. HAMMERTON and WILLIAM DURBAN, B.A. 


AVICI. »* one of the mo»t effective foctors 
m the development of individual character. 
That greatest of English Hchool max tern, Arnold 
of Rugby, used to nay that he always found 
that the boys who had never visited London, 
and who had never caught night of the ocean, 
were the m«»xt difficult to impress with any 
notion of the greatn*** of the world and the 
stupendous possibilities of life. 

The genuine scientific phrenologist and the 
found metaphysician U»tli Alike testify that the 
exclusive cultivation of the faculty denominated 
*’ inhabit ivencs* " tend* to dwarf the mind. 
Home t women dearer after aome amount of 
nomadic cxfierterire, and. am “ change in the 
apiec* of life,” according to a very sensible 
standanl of philosophy. nothing in ho perfectly 
calculated to refresh the mind am change of 
scene. It im n fallacy to imagine that travel far 
and wide m any degree weakens the delight tliat 
the finest natures take in the amenities of 
domemtie life. The exact contrary im thr cam*. 
The true human moul im finely poised in itm 
emotional equilibrium, and. uitlemm distorted or 
decadent, it balances evenly the love of con- 
tinuity and the desire for change. 

What Great Man Owed to Travel. 

The relation let ween character and travel is 
remarkable. Tl»e vast majority of the ruling 
spirits of the world have derived their matchless 
qualifications, in no mtnaU degree, from the 
enlargtxl knowledge of men and thing.* gamed 
by actively and extensively moving about the 
world. Catherine the (treat is not usually 
reckoned among the much -travelled women of 
history ; Imt she knew her native Germany well 
before she went to Russia : and after her lUYta- 
*ion mlie frequently t«x»k immense journeys 
through her vamt nmnnion*, toilsome though 
such pilgr images were The mod renowned 
conquerors and the grandest nation- makers have 
in all ages been amongst the most adventurous 
travellers. No Roman ever saw so much of 
the Empire and of the regions heyund its various 
borders as Julius Oraar Little Greco* could 
not hold Alexander, and it was by marching 
far a, ray into another continent that he became 
M the Great. *' Paul, the grvulwt of the Christian 
Apostles, was one of the greatest travellers of 
earlv ages, and he it was who consolidated 
Christianity ^ Napoleon, before be gained renown 
and attained to Imperial power, knew Italy 
almost as well as France, and bad made intimate 
acquaintance with Syria and Egypt. His rival 
•ad eoaoueror, WcUWton, had roamed about 
India before he was called on to lead our forces 
through European campaigns. Nelson not only 
took his victorious squadrons to the shore* of 
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the Levant, to the routs of Egypt, to Italy, 
to Denmark, to Teneriffe, and to the West 
Indie*, but he everywhere showed an enthusiastic 
in ten*** t in the countries and the peoples he thus 
visited. Ah a young midshipman he had the 
privilege of an Arctic voyage, which helped 
irnmeriH-ly to enlarge his m : nd. 

We only have to go hack, in the history of great 
men. to a few’ memorable names, and we begin 
afresh to **•* how wonderfully foreign travel, as 
well as wandering in the most interesting realms 
of one’s own land, must have influenced the 
development of intellect. Milton kn*w' and 
loviol Italy when to visit that fair land was no 
mean undertaking. He could write Italian 
poetry almost as well as a native. We should 
never have had Longfellow’s matchless prose 
romance, ** Hvjierion,” but for his extra- 
ordinary fatnili irity with Germany. Few* l>ooks 
on European travel art* so delightful a* the 
“ Views Afoot M of that vivacious American, 
ltuvard Taylor, who walked thousands of miles 
in Europe when a mere lad. Browning is the 
poet of other lands as well as of England, and 
by his easy familiarity with international social 
customs l*ecame w hat lL»an Farrar in his great 
lecture filled him, “ the poet of universal 
humanity.” 

, Modern Leaders and Travel. Do 

Englishman g*n*»rally appreciate the fact that 
King Edward gamed the most valuable part of 
his education w ly*n. as l*rince of Walt**, he visited 
America an 1 then India ? His Majesty is as 
much at horn*' in France and in Germany as in 
England, and he doubtless owes his broad 
popular sympathies to the fact that his numerous 
journeys an 1 frequent sojourns abroad have 
totally pnxd tided any tendency* to insularity in 
his sentiments. The present Pn»sident of the 
United States in astonishing the world by his 
versatility of resources and his boundless interest 
in the welfare of humanity generally. Who can 
imagine that if Theodore Roosevelt had vege- 
tated in the money making sphere of his New 
York Knickerbocker circle, in which he was 
cradled in comfort and affluence, he would have 
hecn the power for good that he is ? Mr. and 
Mrs, Roosevelt were married in London, and 
they know it as well as they do Washington. 
Oyster Bay and Nevada, Cuba and Oregon, 
are equally familiar to this distinguished 
American, who admirably represents the 
national tendency to see the world and to study 

it sympathetically. 

Tolstoy in his old age stays at Moscow 
or at Yasnaia Poliana, but in his younger 
d*vs he was a great roamer, and if anyone 
wonders at the enormous influence of 



Gorky, lei it be understood that thin new genius 
of literary Russia has spent his whole timo in 
the most romantic wanderings in his vast 
fatherland. George Meredith, our greatest living 
novelist, was, as long as his strength allowed, an 
ardent traveller and pedestrian. Rudyard Kip- 
ling, too, owes much of his success to his travels 
throughout our Empire. 

Travel Essential to Culture. Culture 
without travel is largely a failure. It is irre- 
parably defective in certain directions. The 
history of the Popes is a lurid illustration of 
this principle. Some of the Pontiffs have been 
men of re il genius. The late Pope was reckoned 
the finest Latin scholar in the world. He could 
w'rite Latin poetry equal to that of Horace 
him* 'If. Hut even the most charitable of his 
own part ms could not pronounce Leo XIII. 
other than the narrowest of reactionaries. He 
spent long years in the seclusion of the Vatican. 
How mighty would lie the influence of a Pontiff 
who could traverse Christendom ! The power 
of the Bishops in Anglican. Homan, and Greek 
communions depends to a very great extent 
on the manner in which they sec this and that 
part of their Sees. The late Archbishop of 
Ganterburv, in the dav* when he was Bishop of 
Exeter, gaimai extraordinary per.* nal sympathy 
amongst the farmers of his great diocese through 
his constant journeys in his diocese and his 
xealous interest in the'.r affairs. Christianity 
began with travel, and it ean Is* propagated in no 
other way. 

Simplicity in Travel. Simplicity is on * of 
the essential conditions of real enjoyment and 
profit for the traveller. The tourist who knows 
nothing of the simple life must miss many oppor- 
tunities of the most desirable kind for making ac- 
quaintance with life in its most varied and inte- 
resting a*pect*. It is true that not many of us 
may feel disposed to emulate theexample of Oliver 
Goldsmith, who allowed the want of means for 
providing comforts to constitute no impediment 
to his passion for wandering. He aWolutcly 
revelled in the simple life. When his funds were 
exhausted in Dublin he wandered on to Cork, 
where, when he was in great distress, a handful 
of peas was given him by a girl at a wake, the 
flavour of which remained for ever sweet in his 
memory. Few* men so intimately blended the 
pleasures of the simple life w ith the most romantic 
modes of travel. Goldsmith wandered over 
wide districts of Europe on foot, scantily 
provided as to purse ana wardrobe, but rich in 
his kindly nature and his wonder-working flute. 
Travel is peculiarly adapted to the cultivation 
of simplicity. It is best enjoyed by those who 
love 44 plain living and high thinking.'' Byron 
and Shelley*well understood this. The former 
enjoyed nothing better in bis strange career 
than his sojourn amongst the monks of the 
Armenian Convent on the Venetian Lagoon for 
six months, while he studied their language; 
unless it was the series of his wanderings in 
wildest Greece, where he revelled in the rough 
mountain life of the peasants battling for 
independence. 


Untremmslled Travel. We have known 

the luxury of going over the Dovre Fjeld without 
any impedimenta beyond a tiny parcel, for who 
could roam about that magn tioent wilderness 
n.*ar the Arctic with the baggage which some 
tourists seem to think in lisfiensahlc every- 
where ! We have journeyed many thousands 
of miles awheel carrying all our haggig' on our 
bicycle. Through Norway with a Knapsack." 
as \V ill mine's charm ng volume is entitled, sug- 
gests one of the ideal methods of enjoying life 
under the auspices of pun', exhilarating air an 1 
of seen tv of uivqtcakuhle enchantment ; w hib* 
H. L. Stevenson's “ Travels With a Donkey " 
and “ An Inland Voyage " an' almost lyrical m 
praise of the simple life in travel. 

Travel teaches us that many of the artificial 
trammels of civilisation an' purely suj>crfi<ia! and 
negligible quant it sen. Every wmt m* explorers like 
Professors Petrie and Sayre go ba**k from Oxford 
and London to the East, and s|s'n 1 months m 
com [winy with the poor native fellahin ui Egypt 
or the nomad tnlies of Arabia, leaving the 
luxuries of the West liehind, and revelling ill 
the discoveries that reward their quest. The 
simple life is U*mg lived by a larger nmnlsT of 
jK'ople than is generally supposed, but those who 
observe the very simplest conditions are the 
great traxellers. It is the freedom from the 
complications and the nival less accessories of 
ordinary home lift', evidenced on every page of 
such records, which gives an indefiti ible charm to 
books like those* of the late John MacGregor, 
44 The Hob Hoy on the Jordan." “ Tue Hob Hoy 
in the Baltic." etc. And from Du Oiiullu, in 
his “ Land of the Midnight Sun," many a reader 
has lieen set longing for an experience of s 
holiday among the Scandinavian *’ sacters.*’ 
where simplicity in the rule of happy life in 
fellowship with Nature in her irm«t charm ng 
moods. 

The Faculties of Enjoyment, We can 

the better comprehend the utility of travel 
when w-e reflect on the measure in which it 
develop* those faculties of purest enjoyment. 
which otherwise may lie altogether dormant. 
There are perceptive capacities in the human 
soul which cannot be exercised subj (actively, but 
must have opportunity of objective observation. 
Nature calls us to admire the infinite variety 
she has to show. She constantly change* the 
diorama. But harmony prevails everywhere. 
Mountains bathe their feet in the demth* of 
crystalline lake*. Artists are captivated by the 
blending of the most contrasted scene* of sub- 
limity and tenderness in Tyrol and the Dolomites, 
in the black lava fields of Sicily and the vine- 
yards caressing them round the vast base of 
Etna. Sympathy with life is seen even on the 
edge of the great ice-pack of Amsterdam Island, 
for seals sport playfully in the savage waste. 
No two scenes are alike. The world only tires 
us if we stagnate in one spot. Said a gentleman 
living in one of the most beautiful districts of 
Kent, 44 AU the prospects round here are lovely, 
but I know them so well ! " The longing for 
change of scene is wonderfully responded to if we 
will go forth occasionally from accustomed haunts. 
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fawn. 

« Um lor* the tale of * tweUer who he* hto 
mrw wide open." mjw * recent writer ; end th» 
to true, for in elmoet any compear • *ue«t » 
more than welcome who h« soon something 
that ptirhftpn others have not Peopio are 
hungry for freshness and eager for novel infor- 
mation. Thome who have been dome 1 oppor 
t uni tie* are often very grateful to the traveller 
who will take the trouble to reeite mom*' of hie 
exfterkmcem. An l member* of the younger 
generation are c<mimunlly eonimg up with 
aspiration* for travel ; these are specially anxious 
to Undirected and advised. Nothing t* more 
delightful than tint reciprocity of feeling pro- 
moted wlicn stranger* happen to meet who can 
compin' note* of travel. They become friends 
offban f, an I many desirable relationship* are 
thus formal. 

Tha Utilitarian Side of Travel. 

This is a large subject, which can here only he 
lightly touched uj*m. in the Middle Age* 
thousands of young artists an l of candidates 
for portion* in the various learned professions 
took long and serious tours. Manv still do so. 
But the practice is not anything like as general 
as it should Is*. Mirny fieople have with great 
subsequent profit travelled for the sake not only 
of enjoying a pleasure trip, but also with the 
view of taking in fresh observation* in respect 
to architecture an 1 luiihiing. A young builder 
visile f America an! cam' home with a stock 
of n*w practical notion * which he proceeded 
most successfully to apply, indeed, the pro- 
fession d lairing of trtvrl and its industrial 
alvanUg' is altogether inestimable. Vivid 
illustrations in this direction have recently been 
supplied by the Jap uvv«c. Quietly an f unob- 
trusively during the last two decades thousands 
of young men from Japan have been visiting all 
the great countries of the West. The results of 
their keen observation Invc U»»n stupendous. 

An American admiral wa-» recently invited, 
while his squadron was in Japanese waters, to 
dine on board the Hagship of a Japanese) 
admiral. As soon as the American was seated 
in the eabin tiie host rose quickly, flung a 
napkin over his shoulder, and said, M Do you 
know wv\ captain ? “ The guest started in 
astonishment, for he at once recognised his 
former Japanese servant, w ho ha I faithfully 
attended him for a considerable period in Amen 
can waters when he was a captain. During 
that period the young man from the Far East 
had been quietly taking in a valuable stock of 
knowledge which he had not neglected to apply 
for the benefit of his own nation. 

A singular instance of the great value of travel 
in the educational sense occurred in the ex* 
perieace of the famous James Nasmyth, the 
inventor of the steam-hammer. His original 
drawing* of his invention were approved by some 
steamship builders, but were for a time laid aside. 
During Nasmyth's absence at one season from 
tbs foundry, two visiting French engineers saw 
tbs sketobiet. Two years later tbs inventor 
happened, during a Continental trip, to visit 
tbs great Qrsuaot works. Observing an engine 


crank which could not 

the old kind of hammer, he aaked ho w the w ork 
had been done. “ Thu crank was forgeajby 
your »tea«n hammer,” wa* the reply. The 
French engineer* proceeded to abow the English- 
mui the hammer they had built from his plans. 
He warn delighted, and on returning home con- 
structed s hammer fur himself* soon manage i 
to internet the British Government, and secured 
/* ri//* orders. 


How Tnrrel Alda Study . Finally, it 
must be obvious to every thinking mind that 
travel is unrivalled in its tendency to increase 
our geographical knowledge, and to fix the 
m:nd accurately in the mastery of topographical 
features. All who have travelled much are 
familiar with a very singular phenomenon. In 
the course of a journey we may happen to 
visit a spot that we |iad never previously hear 1 
of, and are delighted to have discovered it, on 
account of unexpected features of inter* st. 
beauty, and attractiveness. And, to our 
astonishment, very likely, after returning homo 
and settling down, we come across references to 
that same place in newspapers, or magazine 
articles, or books. The truth is, of course, that 
such allusions would pass altogether unnoticed 
but for the fact that we had just become 
familiar with the obscure locality, and so our 
attention is naturally drawn to what would have 
Imwii entirely disregarded but for this acquaint- 
ance. Travel invests geographical study with 
living charm and inexhaustible interest, making 
it altogether another science than the mere 
collection of abstractions presented to the non- 
t ravelled mind. It also greatly enhances the 
pleasure and profit of our ordinary reading, and 
an instance of this from our own rooont expe- 
rience will illustrate the point. 


Travel and Booll-reading. Happening, 
by the merest chance, to take up Thackeray's 
M Henry Esmond ** during a resting holiday in 
Scotland, and thus to re read it after many 
years, our interest in the story was vastly in- 
creased when we discovered, as we proceeded 
with it, that with hardly an exception we had 
visited the scenes of Marlborough's battles in 
the Low Countries, and had that very summer 
spent some days in the little-known Alsatian 
town of Barr, which is mentioned eeveral times 
in the story in connection with the movements 
of the Pretender. Indeed, we incline to think 
it is better to read of places after one has visited 
them than hefort ; at all events, better to read 
of them in greater detail after we have 
famtliaraxl ourselves with the actual scenes. 
And all vho have travelled agree that the law 
of mental association works with delightful effect 
after journeys and voyages near or far. For a 
picture or a description of scenes we have 
visited will call up whole chapters of our happiest 
experienots. The mere guide-book without the 

j ourney is the dry letter that killa interest ; the 
oumey i’self is the spirit, tbs meaning, the 
substance, the intention of things, because it 
brings us in ooatact with life in all its interesting 
manifestations. 
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To b$ continued 





FLEECES AND FIBRES OF WOOL 

th* »K'xuruuru>;*ir»i* <«r thr nun iu univrt ti«*» magnified 



condition. At the end of the feeding season, 
when the Iamb* are three months old. the farm 
hands gather to the washing. Three long troughs 
are filled, one with clemsing dip. one with a 
weaker solution. and the other with clean water. 
The sheep to be washed will have been penned 
the night before. In the early morning beg ns 
a long day of arduous toil for the shepherds and 
their helper*. One after the other, the sheep, 
bleating, struggling, hutting, kicking, are soused, 
scrubbed and washed in the troughs, and then 
fly off up the fields, shining with a glittering coat. 
It is considered a wise practice to let two or 


three days elapse between washing and shearing, 
because the yolk, dissolved in the soapy dip, 
gets time to renew itself. 

The quest on “ What is yolk ? M naturally 
occurs to the reader, and it is worth attention. 
Like all animal fibres, wool has a vital function 
to perform. It is tubular, containing fatty and 
other matters exuded from the skin. These 
matters are called, collectively, yolk, and form 
a considerable proportion of the weight of 
wool. An eminent chemist has analysed wool, 
“~’"h this result : 


Earthy Substance 26*05 

Suint" 82*74 

Fatty Matter 8 57 

Earthy Matter fixed by grease. 1*40 

Wool 81*28 
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It will be seen that yolk is an important 
mAfter. When the yolk supply is small the 
fibre is harsh ; without it, the central tube, 
being empty, colhp*ea, and the fibre splits. 

Within three day* after the dipping operation 
the flock i* gathered again. All along the 
field sheds are erected, and within them long 
l tenches. At each Item'll stands a shearer 
and his assistant, the former holding in his 
hand a Urge pair of shears. The sheen is 
brought, and turned on the liench. and while it 
is held firmly, the shearer clip*. His work 
demands no little skill. The skin must not lie 


injured, or blood will smear the fleece ; the wool 
requires to Ite rut evenly, or the staple will he 
irregular ; and the fleece should come off whole. 
The work goes on with 

“ the loud -clapping shears. 

While ever and anon, to his shorn peers, 

A ram goes bleating/* 

Varieties of Wool. There arc at present 
more than a hundred kinds of wool on the 
market, and the manufacturer is frequently 
embarrassed by the wealth of choice. Prac- 
tical men, however, classify several kinds 
under one head, and so spar themselves 
needless worry. For instance, it is quite well 
understood that Australia sends wool from 
six states, differing in climate and soil ; but 
the wool appears on the market as one class, 
with corresponding sub -divisions arranged 
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Tabi.e or Varieties or Wool. pRiscifAU.Y Used ts the Wool. Thideh 


1 

Country. 

I treed. 

Quality. 

]A*iy;th 

Staple 

A veravre 
M eight 
of 

Fleece, 

Yam 

Nuiulter 

Fabric*. 

r*p*lti 

Merino 

Fine 

Short 

t» 11m. 

MM.KI 
( o l*Ml 
JOO '» M 

W4- 1M» 


Saxon > 

Mirwm 

Au»tru!ia 

and crow-bred 

Menim. cr tw *ith Lnlcea* 

\ er> line 
Finest 

Very Hue 

M 

B»m. 

> die** clot Ini. and ti*l the hlghe«t 
| clajun** of wii.il (ahrie*. 


tei and Southdown 





tinted Km ;d<*m 

Line #lu 

flood 

I^injr 

Ml 11*. 

4(» (4,1 

Imitation alpaca*, luwtic, and 






WurxLed* 

e* 

Leicester 

Fine to 

„ 

7-9 11a. 

‘JN4-70 

Worsted* and hmiery jam* 



coarse 






Roruuev Mandi 

Medium 


7 11m. 

:«> m 

Wo illenw and c«rjM*ta. 


Southdown 

Fine 

Short 

JM Hm. 

in-*o 

i.irfht drew* cloth* 


|w»r*et 

Medium 


Vi II* 

»i-pi 

1.1 very clothw. woollen* 


( "In* x lot 

" 

Medium 

:t 4 11m. 

»<> r#» 

Tweed*, woollen*, heat v dret* 







cloth*. 


<*.,tiwold 

Coarse and 


7* lb* 


Cord*, worsted*, nerves. 

o 

blackface 

Medium 

— 

10 4 1 

It ankelN, cat |n*t*, clc 


Highland 

Oarv and 

„ 

~ 

lU-AO 

blanket*. rarjodx, etc. 

Franc? (South’! . 

Merino A Roux 11 Ion chm* 

strong 
Soft, line 

Lori(r 

0 Fix. 

170-1 HO 

!>reiw tffHMls, merino*, cadmiere*. 

.. (North) 

<i.»*<bred*, various 

Medium 

Sliott 


2u 

U oollcn* 

Al^vria 

.Native sheep 

Inferior, 

M 


lo 7u 

Fell*, blanket*, rug*. 


but soft 



l 


Turkey . . 

Artjrora 

Very tine 

I/Jnr 

! 

, I llicit 

Fine cloth*. 


Native breed 

Coarse 

Slmrt 

- i 

i 1st* 

Kelt* and roar** Wools. 





i 

count* 


KaU In Ium . 

Various breed* 

Generally 

Short 

- 

< ‘oarsr 

Carpet*, felt*. 



coarse 


j 

count* 


Rum! a .... 

Hooniah 

Fine 

Lon« 

- i 

HkMU 

l4idU«' drew goods, fthawla 

< >de**a 

Fine 

Short 


1 \ 

M oil ted * 

tt 

Merino 

Very fine 

1 .Medium 


> 7fe-lS 

broadcloth* and serge*. 

" 

Astrakhan 

i 

Special 
charade - 

Short j 

i i 

\ i 

Astrakhan c oth. 

South Africa . 

Fat -tailed l 

V arious i 

claasea * 





*• 

Merino \ 

Antfora 1 

— 

i - 

— 

Worsted*, alpaca*, woo* Jena. 

South America 

1 tup. >rted European 

({o mI, but 

Medium 

i 

90-100 

English flue « loth*. 


breed* 

dirty 









ftftt to mHaoM with geographical 
l»* variations in quality. All the woolt of 
Aaetvalia and Now Zealand have peculiar 
qnallttea that distinguish them n a claw. 
Similarly, though come varieties of Leicester 
wool may closely resemble those of Lincoln- 
•hire, the skilled wool-buyer can recognise 
differences. 

Ctaaalflcatlon. After all, we are users 
of wool, not students of sheep pedigrees. We 
can leave aside nice questions of variety and 
breed, and lend our attention to the useful 
oualitfos of the fibre. In old books, it is said 
that wools are divisible into two classes, carding 
and combing, the latter being long and the 
former short in staple. But we find in practice 
that this classification helps very little. The 
very finest comb- 
ing wools are 
classified as short, 
and many wools 
of medium length 
am quit* un»utU 
» hie for combing. 

Wo must take a 
wider standard of 
oomftnrHKm. and 
try to define what 
is technicall y tie*, 
crilsnl as the ser- 
vice of the various 
wools. Tills can 
be done lies! by 
giving the aver- 
ages of these 

L ualition — fl) 
mgth of staple, 

(52) Weight of 
fieeoe, (3) Yam 
number, (4) r*e. 

Qualltlsi, 

Generally speak- 
ing. the qualities 
of fibre most de* 
sired »rHl) 

Length. (2) Fine- 
ness, (3) Sound- 
ness, (4) Colour or 
lustre, <3) Was. 
ticity, (4i> Soft- 
ness, Fleece* are 
degree in which 

“ wry fin*, fine. good, medium, 

coarse. 

In Um trade much confuainn ha* arwn by the 
different methods of measuring the counts of 
ysms in various localities. When we deal 
wtthyarns, these differences will be thoroughly 
nonwamva. The system coming generally into 
*“? “ *jwj *P« ,rhK ’ 1> woln ’ t<><1 Viral have been 
MtouUtod It m aimpte and emuly undewtood. 

A “ 860 « y*ro. Mid the number of 

bank* m the pound aroirdupoi* give, the number 



TUX COTTON PLANT 


classified according to the 
they possess these qualities 
fine, * - 


COTTON 

The Cotton Plant. Cotton fibre k 
derived from a plant to be found growing wild 
in nearly every tropical and sub- tropical 
country on the surface of the earth. Our globe 
has a cotton belt extending between the 40th 
parallels of latitude. Growing in many different 
climates and soils, the Gossyptum, as botanists 
name it, has developed local peculiarities ; 
but in every region the seeds of the plant are 
enveloped in a fluffy fibre, designed, it seems, 
to assist in protecting and disseminating the 
seeds. Early in his terrestrial career man appro- 
priated this fibre, extracted the contained seeds, 
and used the do hing of the plant germs for the 
covering of his o vn nakedness. 

Taken by itself, a cotton plant seems rather 
an unpromising 
producer of 
clothes. The five 
tufts of fibre 
springing from 
the five-celled 
capsule appeal 
mow to the sense 
of beauty than 
to the fx*rcepti on 
of utility. But 
mu I iply the cap- 
sule a millionfold, 
let these capsules 
spread their down 
on the herbage 
around, gaihering 
in heapslike drifts 
of snow, and then 
will be perceived 
the munificence of 
the gift which 
tropical nature 
offers man in 
cotton. Wherever 
the cotton plant 
grown there has 
been, at one time 
or another, a 
cotton industry. 
Historians used 
to tell us that 
cotton manufac- 


ture began in India, in Egypt, in Cliina, or else- 
where, but we cannot affirm with certainty that 
\ocIa\ manufaclure or »gm*ted in any particular 

Thi» Cotton or the Now World. 

ror the root of our modem cotton industry we 
have to look to India, where cotton has been 
grown, spun, and woven from time beyond know- 
ledge. Curiously enough, the discovery of the 
cotton plant growing on one of the West Indian 
islands confirmed 0<5u 
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.... umbus in the idea that he 
reached India by a western route. The 
navigator was familiar with cotton, and 
saw that the plant growing on the West India 
lT* • ,< W r ' “ ner »<*pie than the cotton 

Sy India. The Spaniard,. taught 
osntums before the secret of ootton spinning 
Md weaving by the Moorish invaders, eoughtto 



utilise the resources of the ©on 1 , meat given them 
by the hand of fortune, and ootton manufacture 
became an important industry at Valladolid and 
dee where. The ambition of Spain, however, to 
excel the wondrous co ton prin s which her rival 
Portugal imported from Calicut, proved futile. 
Another and stronger na ion, even then pushing 
along the path of empire, was to accomplish the 
task. 

Not content with wrest 'ng from Spain the Nor h 
American continent, the English went eas\ and 
established themselves on the % # as* peninsula of 
India. In 1600 Elizabeth granted a charter to 
a company of merchant adventurers which afirr- 
wards grew to imperial power, under the name 
of the East India Company. From the char. or 
of “ John Company.” we learn that one of the 
principal objects of the incorporat ion was to 
trade in muslins and calicoes. How the Com- 
pany rose to power, annexed territories, and 
formed the great Indian Empire, history records, 
and the stirring story has of: cm l**en told ; but 
the cotton trade of this country can hardly lie 
desorilied without some reference to the foist 
India Company. It teas in this indusYy that 
the eastern and western sections of the liritinh 
Empire develo/ied rival and nj/paren'ly antago- 
nistic in teres Is. 

The Industry of Lancashire. To 

many it must lie a mV tor of wonder, if not 
mystery, that nearly the whole of the cotton 
industry of England is ooncen f rat.nl in the 
county of Lancashire. Trades tend to cent ral« se 
in the particular area which affords most 
economic advantages. Seemingly accidental, 
the location of any indus ry generally finds 
explanation on economic, and sometimes on 
historical, grounds. For the pre-eminence of 
Lancashire in the cotton trade, neither the 
economic nor the historical reasons hold good. 
India manufoctuied cotton thousands of years 
before Manchester was founded, and it has the 
raw material at hand, while l^ancashim must 
transport it thousands of miles. Cotton was 
•pun and grown in Florida in 1536, while Man* 
ones er was learning to weave fustians, and now' 
the cotton wool of Florida is spun in taineoshire, 
to be returned, in spite of a tariff wall, to 
America in the shape of clo'hs. 

The explanation lies in the peculiar physio- 
graphic character of Lancashire. Cotton is a 
very delicate fibre and cannot be successfully 
•pun under all conditions. Three special 
conditions the cotton spinner requires — an 
equable and temperate climate, a humid atmo- 
sphere, and a copious water supply. Bounded 
on the west by the sea, Lancashire is seldom 
visited by severe frosts or hard winters, while 
on the eas em side high hills form a watershed 
which provides abundance of water all the year 
round. The most important and most secret 
factor, however, is the clay sub-soil of the 
oounty. On this clay bod beneath the soil the 
rain-water lies, and evaporates as the tem- 
perature of the upper air rises, rendering the 
air moist and humid. In a warm, dry atmo- 
sphere the fibres become brittle and refuse to 
combine ; in a wet condition cotton collapses 


and ricks. The medium between dampness 
aid dryness is the ideal. The humidity erf 
Lancashire's atmosphere has made that oounty 
the greatest cotton -spinning centre in the worn. 

As far back as the seventeenth century Man- 
chester people seem to have been attracted by 
cotton, and the modern development of the 
cotton industry dates from the beginning of 
the eighteenth century. Up till 1735 ootton 
was wholly spun by hand, the primitive method 
practised lor centuries in the lands where cotton 
is grown. About 1735 it occurred to a man 
named Wyatt that cotton might be spun by 
drawing it through rollers. 

Introduction of Machinery. Let us 

explain. The raw cotton, as it came from the West 
Indies and Smyrna, w*as a mass of dirty fibres. 
The eo* ton manufacturer first opened it out and 
shook it free from dirt by hand, carefully picking 
out all the stray seeds, dirt, fragments oi leaves 
and o* her vegetable maMer. Next, he took two 
Hat piece* of wood filled with spikes and drew 
the cotton from the one to the o her, carding it 
out in*o a fine fieecy condition. Next, the 
carding* wen* fixed on a wooden fool sef above 
a spinning- wheel. Mont jM'ople have seen a 
spinning-wheel. The wheel, it may Is* explained, 
does no spin ; its function in simply to drive the 
spindle on which the spun yarn is wound. 'Hie 
spinning agent is the hand of the spinner. A 
til in st Hind of fibre is carefully draw'n off the 
carding and wound on the wheel-driven spool. 
With one hand the spinner drives the wheel, and 
with the o her carefully twines and draws out 
to slender fineness the fibre. In that primitive 
inVrument lie all the principles of cotton 
spinning. The grea'est w'aterwlns‘1 in the 
world is simply a larger brother of the small hand 
w'hcM'l, and performs precisely the same office. 

Wyatt’s machine substituted a series of 
drawing rollers mechanically driven for the 
fingers of the spinner. Tim contrivance was not 
a great success ; but it pointed the way to other 
inventors. Richard Hargreaves hit on a diffe- 
rent idea for spinning and drawing out the 
coMon threads by mechanical means. Jfo 
devised a frame, on one side of which he 
placed the eoMon wool, and on the other 
the yam bobbin, smarting the two parts close 
together and drawing them apart, slowly and 
wiih regulated mo ion, thinning out the 
thread. This was the famous spinning Jenny, 
popularly ascribed to Arkwright. Hargreaves 
made his machine practical in 1767, and it 
was widely adop'ed by cotton manufacturers, 
without yielding much profit to the inventor. 

Organiser of the Cotton Factory. 
About the same time Richard Arkwright was 
working at his spinning machine, developing 
Wyatt’s idea, and in 1760 he took out a patent. 
To Arkwright belongs the merit of putting 
cotton spinning on a scientific basis. His 
drawing machine was contrived on definite lines, 
the draught being properly regulated, so that 
the spinner knew exactly what weight of thread 
he could get Into a given length or viet oersd. 
The Inventor calculated that u he sp eede d his 



drawing ratters to double the number of revolu- 
tions of bis delivery rotters, the yam would be 
drawn out to twice the length Similarly, if t be 
winding apparatus ran at double the speed of 
the drawing rotters, the thread would lie 
lengthened by that proportion. In 1780 
Ham tie! Crompton. another mvmor. combined 
the ideas of Hargreaves and Arkwright in a con- 
trivance lie named the spinti hg mule, and gave 
U> cotton manufacturer* the machine which, 
in i’s improved form, has enabled them to 
produce mechanically threads finer than the 
spider's web, and more regular than the 
must delicate products of the patient spinners 
of Dacca, Though his invention had not the 
valuable properties of Crompton's mule, Ark- 
wright has other claims to fame m cotton maim- 
fa a urc. He improved the machine carder, 
ranged the drawing and spuming machines in 
regular gradat ion - in short, the ex-barber 
organised the cotton factory. 

W waving Machinery. While cotton 
•pinning was developing by mechanical inven- 
tion. the weaving process remained almost 
stationary. Tlie main end of cotton sp.nning 
is cloth manufacture, and when the secondary 
process lags far lsdiind the first, the loss is great 
t>o h to the Indus' ry and to the consumer of the 
product, Tlie first result of increasing the 
rapidity of cotton spinning was increase in the 
number of weavers employed, not only in this 
country, but also in India Between 1770 and 
1820 the Indian import of Hrt’tsh co ton yams 
was enormous; hut in later years codon cloths 
were sent instead, and the Hindu weavers died 
of! by the thousand. In this country, about the 
year IHOO the cotton weaving trade employed 
250,000 weavers, but the invent on of the jw»wer 
loom took the bread out of the mouths <d at 
least two-thirds of that number. 

The power loom was in vend'd by the Rev. 
Jolm Cartwright in 1785. Cartwright was a 
clergyman, and became interested in weaving 
from a purely academic poin' of view, lie se. 
about inventing the power-loom to prove to 
some friend his contention that it could be done. 
Tlie loom as first invent *d was quit * useless ; 
but the persevering inventor corrected his errors, 
and in the end produced a serv unable power- 
loom. For some years the introduc turn of the 
power-loom was slow ; but about 1812 so many 
factories began to use Cart a right’s invention 
that thousands of waver* wen* thrown idle, and 
oaused riots in many I.*ncaahirv towns. The 
power- loom was necessary, however, to the 
efficiency of the cotton industry, and though 
wo may hope that one dav improvemcn s and 
labour-saving invent ions w ill Iw introduced in a 
manner involving less suffering to the workers, we 
must recognise the benefits which have ac<Tued 
to mankind from the power-loom. 

At first it seemed to everybody that the 
powerdoom would he confined to the weaving of 
plain cloths ; the machine could only go on 
repeating with blind regularity a few simple 
mo ion** pattern and faney weaving was vet the 
aafs pr s —rve of the hand-loom weaver. Certain 
Scottish and English manufacturers* however* 
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did not share the common opinion of the power- 
loom, and proceeded, early in i he nineteen h <r n- 
tury, to u. iliac it for the highest -class of fancy 
weaves, mounting the power-looms u ith ingenious 
and efficient pattern-forming appliances by auto- 
matic change of shuttle ; by supplementary warps, 
and other contrivance's, patt*ms of the most 
eUUirate kmd were woven, and when tho 
jacquard apparatus came to give the warp a 
mobility equal to that of the weft, the circle was 
com pb* ed.and ihe power-loom liecame an instrn- 
nieni of art far surpassing the finest hand -loom. 

Th® Thread Industry- While tho 
English spinners were inent on bringing their 
yarns to the loom, the Dutch cotton manufac- 
turers were finding another market in the pro- 
duction of thread for the lace workers and makers 
of garmen's. I’p to the middle of the eighteenth 
century tho Dutch had it all their own way in 
the thread trade ; but at that time a noble lady, 
named Shaw, living in Renfrewshire, near 
Paisley, began to manufacture eo*ton thread, 
for ls»th her own domestic use and for that of 
her friends. The ladv of Barger ran, as she was 
pleased to Is* called, develojied quite a large 
truth*, and her near neighlHmrs. with that com- 
mercial keenness which has since chnrac crised 
the thread mnnufafurer, l**gan to coinjieie with 
\au\y Shaw in a ra' her dishonest manner. Of 
course, then* were honest thread- makers in 
Paisley, and the henest and d shnnest U-tween 
them had built up quite a respect ably -sized busi- 
ness by the year 1789. At that time the thread 
trade employed over 4,(HtO people in Paisley 
alone. Having this start, the Seott ish t hread- 
makers w ere enabled to take ad van* age of every 
new improvement in the cot* on -manufacturing 
process, and almost before English spinners were 
aware of it their northern rivals haa es ubhrdied 
a practical monopoly in the thread trade. Here 
and there, in Lancashire and Nottingham. thread 
manufacturer* had quietly established them- 
selves. and gradually came into the larger 
markets of the world, to compete with the great 
Paisley concerns. For more t han sixty years t he 
commercial liattle was w aged. In lKOfi die Paisley 
firms amalgamated, with a capital of £H*,OWUiO0, 
anti us a counter move, the English firms united 
under the name of the English Sewing Thread 
Company. But victory was with the Scots, who 
had already token preoaut on**. They held a 
large interest in the syndicate organised to 
oppose them. The English company was there- 
fore like a besieged city with the enemy in 
the citadel. Terms were arranged, and the 
sewing- thread manufacture passed mto the hand* 
of monopoly. 

Lac® Malting. The latest development of 
the cotton trade was the lace factory. One of 
the first European industries to make large 
demands for cotton yam and to st mu!a*e 
cotton spinning, lace- making vti. the las’ to 
submit to factory centralisation. For hundreds 
of years lace was made by hand. The first 
form of it wwa a kind of croche*-work, wrought 
by a needle, and therefore named point lac® 
or guipure. In 1561 a Dutch lady mad® an 



imitation laoe by pinning the pattern down established on a sure supply of raw material, and 

on a cushion, aadjpUitjng threads aver it in the trade enabled to grow with healthy vigour, 

the form desired, lius became known as pillow As the spinners of Lancashire attained prc* 
lace and developed cm lines of its own. Lace* eminence in the trade, they began to export 

making is amenttally an artistic home industry, cotton cloths to India, competing in the Itaxaars 

and it might have remained outside the circle of with native cloths. Finding that the Western 

machine industry but for the invention of a lace invaders could sell them manufactured cloth 

loom by a man named Hammond in 1768. The cheaper than they could make it, the Hindu 

idea was taken up by Heathoote, a Nottingham weaver-cultivators gave up spinning and weaving, 

hosier, who made a practical machine ; Morley, devoted themselves to cotton culture, and sold 

founder of the great firm of Morley & Co., made the fibre in exchange for tho finished article, 

further improvements, taking out patents in 1811 So another source of supply was provided for 

and 1824. In the latter year two other Not- tho cotton industry. Lancashire received its 

tingham firms. Lever A Turton and Clark & first consignment of Indian raw cotton in 1783, 

Marl, took out patents for improvements in the the amount being (10,000 lbs. 

1 toe loom. Like the Paisley thread -makers, the North American Cotton. About 1530 
Nottingham lace manufacturers were well on the Spaniards began to settle on the mainland 

their way before the other members of the of tho American continent, founding the state 

cotton trade had realised that a vast market had which, has been named Florida. While their 

been opened up and was rapidly being mono- coun ’ ymen were rendering desolate the Antilles, 

polised. Nottingham has retained the lead it these settlers took a more sensible way of 

•thus gained. Tho lace loom is like no other enriching themselves. In 153(1 the onionin' s of 

kind of weaving machine; the warp*l»eam is Florida made their slaves rinse cotton from the 

under tho feet, and the cloth-beam over the seed of tho Bar b*u l oes cotton plant. Following 

head of the weaver; no shuttle flies across the close on the heels of their rivals, the English 

warp, but each thread of the warp has a shuttle settled in Florida, and soon dominated the 

all to itself ; tho lifting leaves of the ho&lds are colony. With characteristic energy they took 

•’sent and instead strong fingers, directed by up the cultivation of cotton, utilising tho islands 

the jacquard apparatus, pull asido tho threads of lying along the soa-board of Georgia, separated 

the warp; the rhythmic V>eat of laths and from the mainland by salt marshes. Climate 

heald and shuttle, so musical and suggestive of and soil favoured the plantations of cotton. The 

pleasant harmony, has given place to a louder, product was a fibre of superior quality, longer, 

harsher, more powerful sound. Iron and steel finer, silkier, than any cotton neon in the world 

and brass, the lace loom is a gigantic tool of before. For two hundred and fifty years tho 

titanic power devoted to the production of the cultivation of cotton spread over the "American 

lightest, filmiest of fabrics ; the force of steam. continent, but always for home consumption, 

of electricity, the strengt h of metal forged and In 1770 the colonist*, hearing of the market for 
moulded, tne energy called into action by raw cotton springing up in England, determined 

powers centripetal, centrifugal, and lever — aU to have a share. Samples of Sea* island cotton 

combine to create a filmy fabric of flowers and wore sent over to Lancashire, but the staple was 

wreaths. not found suitable for use, and no business 

Cotton Trade of Europe. Before the resulted. After the War of Independence, the 

discovery of America European cotton indus* planters took some time to settle down into 

try depended almost wholly on the Levant regular industry ; but in 1700 another attempt 

for raw material. Both demand and supply was raado on the Lancaflhiro cotton market 

were small. With the discovery of the West This time the samples of Sea-island cotton were 
Indies and America, however, a great change placed in the hands of Robert Owen, afterwards 
came. Cotton of the finest quality was to be famous as a social reformer, but then known as 
had for the taking in those wonderful’ islands the ablest cotton spinner in the trade, and a 
of the West Spaniards, Dutch, and English young man of singular honesty. Owen found 
shipped cotton from Cuba, Jamaica, Barbadoos, that the cotton produced a yarn of fine quality, 
ana the other West Indian Islands, in reckless but the colour was so bad that he disposed of 
greed, bringing to an industry only beginning a the yarn, for a mere trifle, to a Scottish 
plethora of raw material. Tnu* gifted and en- muslin manufacturer named Craig. Within two 
aowed, the cotton trade of Europe took its months Mr. Oftig returned to Owen, offering to 
start. The wool-spinners of Valladolid, Haarlem, buy as much of the yarn as the spinner could 
Tours, Lancashire, and Yorkshire, finding a supply. Very much surprised, Owen made en* 
cheap spinning material at hand, entered into quiry, and learned that by bleaching Craig had 
cotton production, and created a permanent brought the yam to a fine purity of colour, 
market for cotton fibre. During the troublous With his characteristic oandour Owen laid the 
sixteenth and seventeenth centuries the cotton facts before his employer and the manufacturers 
industry, as the youngest ami least important associated with him. The effect of his 
of the industrial enterprises then existing, report was immediate. In 1701 the imports* 
suffered most, and grew but slowly, like a Uon of American cotton to this country amounted 
weakly child bora in stamdom. Not until the to 180,361 lbs. The American cotton trade, 
Uintah had served themselves heirs of Spain's begun in this haphazard manner, hag become 
dying empire, and taken possession of the West one of the most important and established 
Indian Islands, was Urn cotton industry firmly factors in the history of the modem world. 

• To be amim med 226 
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COMPOUND QUANTITIES 

Redaction o I Composed to Simple Qaontitiea, *»d of Simple to 
Compound Quantities. Fuat Foot Rules applied to Compound Quantities. 


By HERBERT 

$4* Wu have defined a unit quantity to U- * 
quantify with which w«* < «ini|i*rr «» her quan 
tltuw of the ifttnr km ), for iW |iurpiw of rw'» 
•tiring iii'ir magnitude. Ktidcn Ijr, tbm, diffe 
nmt kind* of quanittw*, such a* numry and 
lime, mu*f nn'li have their own unit. Hut it is 
Hot &1 wav* nittuiunit to u»n the same unit, 
even when measuring qutt(i'i'if« of the *uino 
kind, For in* aiuf*, »r *)*Htk of the dAlance 
laHwerit two town* ** tut many m tie*, and of ft 
piece of Rtrmg a* measuring *o many tmhts It 
w» therefore nrciwiary to make or TnM*'*, 

allowing I hr t'oniiect ton lie! wren the unit and it A 
various multipl*-* and stihdti nikui. 

TABLES 

tt. The following table* are tn general use in 
FlngUtu! at the jmwiit I ini'*. 

Money. 

The unit of KngU*h money it the f*»und 
sterling (ft) 

4 farthing* m 1 penny fid) 

12 |4etv*e m 1 shilling (1* ) 

2*> shilling* •* I pound (IT) 

|d , |tf . ft/ are u*nd to denote 1 farthing. 2 
farthing*. 3 farthing- 

Time. 


J. ALLPORT 

Apothecaries Weight. 

For weighing drug*. 

‘JO grain* «• 1 scruple (1 wcr. or 1 

3 scruple* m 1 drachm (I dr. or I j) 

H drachm* 1 ounce fl ox. or 1 J) 

Note : Tin* gram Troy is the same a* the grain 
Apothecaries* : and 7000 grains • 1 lb. 
Avoirdupois. 

Linear Measure. 

The unit is the yard. 1 yd. 

1*2 ineliea (ins.) « 1 halt (1 ft.) 

3 fiwit •* 1 yard (1 yd.) 

fij yards *- I |k»Ic (I rod, or perch 

4o pole* *• 1 furlong (I fur.) 

K furlongs I mile (1 mi.) 

3 mile* 1 league (1 lea.) 

1 chain, of 100 link* ■ 22 yard*. >o that 

10 chains *. 1 furlong, and 
80 chains, or 1700 yds. m 1 mi. 
Square Measure. 

For measuring area. The unit is the square 
foot. 

144 square inches 

(sq, ma.) » 1 square' foot (1 sq. ft.) 
0 square feet * 1 square yard (1 sq. yd.) 

3i»| square yards » 1 square pole (1 sq. po.) 

40 square jades t» 1 rood (1 ro.) 

4 riKsis fc. I acre (l ac.) 

040 acres * 1 square mile 


The unit of time is 1 day (a " mean solar 
day **). 

00 second* (see ) «■* 1 minute (I min ) 

00 minute* ** I hour (1 lu\) 

24 hours * 1 day 

7 days * 1 week 

966 day* * I war (I yr.) 

300 days * I leap year 

[Sea sate on the ( alendar.] 

A voiant iMis Weight. 

Fur weighing common gvHKls Tha unit it the 
pound weight, 1 lb. 

10 drams (dim.) * 1 miner (1 or) 

10 ounces m 1 piutu) (1 lb.) 

28 pounds * I quarter (1 qr) 

4 quarters •* l hundredweight (l csrt.) 

90 hundredweight «* I ton 

14 pounds m 1 stuns 

Trot Wei out. 

Fur weighing precious wrtsk Troy weight is 
now illegal, except the ounce. 

94 grains (get) m 1 pennyweight (I dirt.) 
90 pennyweights » I owns (I us.) 

19 ownoss «* I pound (1 lb.) 


10 square chain*, or 4S40 sq. yd*. 1 acre 
Ct mu Measure 

For measuring volume, or solidity. The unit is 
the cubic foot. 

172$ cubit.' inches 

(cu. ina) m 1 cubic foot (1 cu. ft.) 

27 cubic fie! *» 1 cubic yard (1 cu, yd.) 

Measure or Capacity 
The unit is the gallon. * 

4 gills m 1 pint (1 pt.) 

2 pints • 1 quart (1 qt.) 

4 quarts » 1 gallon (1 gall.) 

2 gallons m I peek (1 pk.) 

4 pecks w 1 bushel (1 bush.) 

8 bushels « 1 quarter (1 qr.) 

B Note on lbs Cslsadsr. The mesa 
solar day, i.c. the m erval occupied by one 
revolution of the earth about its axis, is the 
unit of time. The mean tropical year, i.t the 
interval between one vernal equinox and the 
next, is equal to 966 *2422... solar days. 

in the time of Julius Cmr this number we 
no: so ac« armtely known. It was then consider* 
to be 966*25 days. Thus, 4 years * 96699 x 
days m {966 x 4) f 1. Hence, once m 4 years, an 
ext- a day was pwt in the calendar. The Roman 
year began m March [hem, S epte mbe r, thr 




JUtu rt month* etc.), to the (hr wee put on to 
the end of the veer, making 29 day* in February. 

Bat, a* the length of the year became mow* 
accurately known, it was seen that I extra day 
in 4 Year* waa too much. Hence, in 1582. 
Pope Gregory ordered that the extra day should 
be omtu««i 3 time* in 400 years. 

Then fare, •/ the number uhich rtfrresents amp 
particular pear is cjractlp daysiUr 6y 4, that pear 
it o leap pear ; except, »a thorn peart rtftrrsenini 
bp amt plrtt hundreds, such as 19U0, 1900, etc., 
anip those are leap pears in which the number of 
hundreds is dii'imble bp 4. 

For example, 1600 was leap war, since 10 ia 
divisiMe bv 4. 1900 vat not leap year, miht 

19 ia nor divudMc by 4. 

*Hie object of this arrangement ia to keep the 
araaona of the year in the came |>lace in the 
calendar. The (Inireh required Easter to fall 
always in the same season. 

It ao not until 1752 that this Gregorian 
Correction was adopted in England In that year 
eleven day* were omitted from the calendar, 
Sept 3 to Sept 13 inclusive, king the day* 
which should have been omitted in the yean* 300, 
•VNMit M », TOO. 900, 1 000, 1 100. 1 300. 1 400, 1 500, 1 70t I. 


REDUCTION 

37. So far, we have only dealt with simple 
quantities, i f. quantities expressed in term* of 
a single unit, such a* £33, or 27 tons. A 
quantity expressed m term- of im*re than one 
unit i* railed a rum pound quantity. 

Tliu* £4 2« lo|d. and 5yd*. 2ft. Sins, are 
each a compound quantity. 

A com|N»und quantity i* expressed a* a simple 
quantity, or a simple quantity is expressed a* a 
compound quantity, by the process ol FUduction. 

38. Reduction of a compound to a simple 
quant ty. 

Example 1. Reduce £17 1 8s. 4|d. to farthings. 

Explanation. From the 
TaWes # vt know 20* make £1. 
Tliercforc £17 17 * 2*) shilling*. 

Tliercfore, put the niult'piicr 20 
imder the 17. f >o t he multiplica- 
tion, and addin 1** at the same 
time. Tl»»* give* 3.58 shillings. 

Next, thenf* are 12 pence in 1 
slnll mg : so, mult ply the 358 by 
12, and add-in 4 d. This gives 
430CW Finally, since there are 
4 farthings in id., multiply 4300 
by 4. and add in 2 farthings (|d.). 

Example 2. Reduce 23 po, 3 yds. 2 ft. to ins. 

Explanation. 5| vds. 
po. Multiply 23 by 
and add- in 3 yd*. 


£ s 
17 18 
20 

358*. 

12 

4300 d. 

4 

17202 far 


d. 


.4 M. 


23 po. 3 yb. 2 ft. 

_ «* 

118 
111 

1291 yda. 

3 

3901 ft. 

12 

4886 iaa A as. 

Add the two rand a. 


% 


us: fire 3» 15, and 3» 
18. carry 1 ; 
five 2's 10. and 1. II. 

Next, take half of 23 
(» r divide 23 by 2) and 
put the Rtult under the 
118, taking care to begin 
hi the correct place— the 
place in thia cam. 
126* 


hATHlIIAtlOl 

Now, since 3 ft. m \ yard, multiply by 3, and 
add-in the 2 ft. Thus: 3 times ) ^ ) 1. carry 1 ; 
three 9 * 27. and 1, 2H, and 2, 36, earry 3; 
three 2* 6, and 3, 9, e*e. 

Similarly, since 12 indies « l ft., multiply the 
Last result by 12. 


EXAMPLES 3 

Rduie to far* lung* : t. £304 l*. 5fd ; 

8. £48 0*. llfd ; 3. £(W501 |K* 7 d. 
Reduce to h*lf|>cncc : 4. £98 14* 2d> ; 

5. £251 ]8*. 4 id ; 6. £10181 I* lid 
Reduce: 7. £42 5* <W. to six items'* ; 8, £53 
8*. 9d to ihnM'jM'iKe* ; 9, £542 15*. to 
crown* ; 10. £5 8 7 * <W to halfcrowns ; 
11, £1123 14* to florin* 12. 1527 guineas 
to thrce|»ence* 

Reduce to second* ; 13. |4 hr*. 23 unit. 19 see.; 
14. 5 dy* 17 hr* 43 nun ; IS. 3 wk* 
2 dys. 0 hr*. 

Reduce to I bn : |0. 5 toil** 17ewt. 3 qr* ; 

17. 15 nil. 2 qr*. 21 ll«* ; 18. 73 ton* 
!9 1 1**. 

Reduce ; 19. 1 ton 17 cut. 2 qr* 18 llw 

I I drum* to dram- ; 20. 14 cwrt. 97 11** 

I I 07 to ounce* 


Ibnluce to inches : 21. 3 fur. lH jxi, 4 yds 

9 in*. ; 22. I h ml* 0 fur, II po, 2 vds 
2 ft ; 23. I fur 1*7 vd* 1 ft ; 24. 3 ml* 
943 yds. 

Redliw to *q in ; 25. 2H sq yd* 8 *q. ft 

84 *q in ; 26. 2 ro. 13 j*o. 19 sq yds, 
5 sq f t 

Reduce : 27. 4 acre* I to, 23 sq yds. tosq. ft.; 

28. 15 to 3127 *q yds to sq, vds, ; 

29. 5c»i yd*. 17cu ft 13l4eu in. toeu.in* ; 

30. 200 cii. yds, to cu m*. ; 31. 3 hush. 

2 pk«. 1 gall to pints ; 32. 7 on*. 5 hush 

3 pkh. ti* galls. ; 33. 1 gall 3 cps, I pt, 
to pints ; 34. 14 qra. 4 hush. 1 gall, to 
quarts. 

39. Reduction of a simple quantity to a com* 
|»ound quantity. 


Example 1. Reduce 721940 drams to tone. 


(4 Jj 21940 drams. 
;1J80480 | 2 ) 


U A 4 L±V*\ 

*14 ) JJ 280 + “ 

,J*LJ**>"* 

**(7 ) 705 


10 drm. 


4 ] 190 qr* 

2(r ) 2jcwt 


■'j 
..4 


2011a 


I *on 5cw«. 20 Ihs. I or. 10 dm. An*. 


Explanation. We know 16 dr*, make I ox. 
Therefore the no. of ox. in 721940 dr*, wilt be 
the no. of 16’* in 721946. 

Hence, divide by 16 (using factor*). The 
quotient will be or,t. and the remainder (formed 
as m Art. 27, Ex. I.) drains. 

ftimiUfty, we divide this quotient by 10 to 
find the no. of Ik, and so on. 


m 



Example 2. HMw* 9241265 *q. in* to ***** 
M). hm. 

> 5 / , 

«, * * •'*•' ’"*• 

7 190 nq vd*. 5*q f*. 

4 


, (!2)W4l!»rt 

I44 >I2>" 770MM> 

9j 64J7A 


* yd* 


w&nryti* 

*■#11 f 5 *5924* # 

4o ) 23 1 *q po * 7 4 

4 ) ft m 35 *q f»U 

1 or i tti :ift«i| }4* 21 »q yd* ft*q ft ft *q 

2 »q f l 3ft *q 

I or. I n» 35 »g pW 2l »q vd* 7 *g 


*• 41 w i 


An* 


Exrt.A* ATiov The pruetpb i* l hr *aiih* a* 
before Hut, on reaching square yards *r find 
* difficulty in reducing them *<• *q. |*4cs, wwr 
(•) we cannot divide by 5**1 Thu* i* merrom** by 
reducing I hr yard* to f/mtrtrr ytU , and thru 
dividing by the f»«> of •f*mri*r yd*, in a suiiarv 
pole, vi* |tf|, Tbr remainder i» fount! to I** Ho 
quartered* , i r 21 i *q. yd* 

f TImc 4 *4 la «**w*JO I lu frrt Ww! bttx*, Slid 

kUI «4 U> lU rmll In that f *w» 


EXAMPLES 4 

Reduce to t *. d. . I. .'4*127 farthing* : 
I. 7916ft halfpence i 9. 91647 |* nrr ; 
4. 14651 thrw|irt»t'r* ; ft Kilty thousand 
farthing* . 4. A million halfpence ; 7. .VJIT 
*ix)<rnrr» , 8. 30129 halbroan* 

Reduce to week*. day*, etc. ; 9. 02317 non ; 

10. H4250* *ee* ; 1 1. T «i o million HtH'ttnd*. 

Reduce to ton*, r«t* , etc . 12. 7924357 dr* ; 
19. 435*40 Of ; 14. :*7tMV4 II* : 

18. |ft0t*NK*> gram* 

Reduce to Hi*., «»** . r|j' , Troy : 16. 24102 
gram*; 17. 60709 gram* ; 18. 42)03 da t». 

UmIimt : 19. 'JlMtU'i in*, to ml* , fur . rt* 
80. I42*57ft to tn)*., yd* .etc , 21. 345924 
link* to ml*., fur., chain* ; 22. 91*4263 in*, 
to league*, ml*., fur . rk. ; 28. lAsgHkM* 
*q in* to acres, roods, egr. ; 84. 291028463 
«m| tn* to acre*. yd*., rtr. ; 28. 42H.1TI *<{ 
ft to acre*. ro<*d*, etc, ; 26. 19146428 *q 
yds. to ««) ml* , 27. 7KU5432 cu. m*- to 
cu, vd* ; 28. 775914 cu in*, to cu. vd* ; 
88.110*74.1 |iml* to bush.; 20. 841793 
gall* to qr*., bush,, rtc 


40. Tbr )»rorr**r* of Art* 38 and 30 arc com 
Utwd in such example* a* the following : 

Example I. Reduce 1429ft holfcrown* to 
gumm*. 

KxruxiTioN 
Both a haUcroam 
and a guinea oon- 
tain an exact 
number of six- 


81 


1 4883 balfcrowna 
A 

8 771 47ft «I|*WK 

(3)357f?*. ft* 

h)mn + i 




|tcncea 
reduce the half- 
crown* to *tx 
putt**, and then 
the Mipraen to 


Example 2. Bed nee 3128 ox. Troy to ewts.. 


etc. 


3129o*. 

*) 

mb*) dwts 
•24 

-jurjjo 

1 *281 El 

7bt^) i:»0lW#gr*. 


ExPUttanox. Re- 
duce Troy aeght to 
grain*. Then, 7000 gn. 
»r I Jb. Avoir. /. divide 
by 7000 (abort diri- 
aiem). This give* 214 
llw. and 3920 gm. re- 
mainder. Reduce lb*, 
toewt. 



214 Dm Avoir. 3920 gr*. 


.73 r 2 
4 >7 qr^. 
1 cut 


. f IK Iba. 

3 qr*. |H lha. 3020 gra. 


Aim 


EXAMPLES S 

ltcdti«*e : 1. £1000 to guinea* ; 2. 297 three* 
iicncr* to fourjwncr* ; 8. 3570 guinea* to 
LMlfcrnuii*; 4. 591 florin* to hal (guineas ; 
5. 250 llm Troy to ca t*. ; ft. 1460 chains 
to polo* ; 7. 7240 guinea* to crown* ; 
8. ) ton 2 ca t to Ilia., etc., Troy. 

COMPOUND ADDITION 

41. (Vim]H>tmd quantities are added together 
iu» in the following example*. The method will 
U* the same whatever *y*t *m of unit* we may be 

UMtlg. 


Example I Add together £17 4*. (id., 

£9 It*. 74d., £43 1H*. 0 \d . £4 1* f»fd. 


KxPl.AXiATtotc. Write the 
(plant t <w mo tliat unit* of tlie 
same kind come in vertical 
column*. 

First add tlie farthings. 

Say 3. 4, ft farthing* * 1 \d. 
Put down \4 . carry Id- Add 
the pence, including the Id. 
carried, <Vl5.22.2Hd « 2*. 4 d. Put down 4d., 
carry 2*. Add the shilling*, adding the units' 
column first, then the fen*': 3. 11. 12, 1ft, 2ft, 
3ft*. m £1 1ft*. Put down 16*.. carry £1, and 
add the £'* a* in simple addition. 


£ * 
17 4 

9 11 
43 !H 
4 \ 

£74 I ft 


Am*. 


Examine 1 Add together 1 ton 3 cwt, 2 qrs. 
17 lbs. 5 dn., 14 cwt. 19 lbs. 3 ok., and 3 tons 
5 cwt. 3 qrs, 8 lb*. 14 dr*. 

Uaw oru Its, as. des. 

1 3 2 17 O ft 

14 0 19 3 0 

3 ft 3 ft 0 14 


ft 3 2 tft 4 3 A a*. 


Say, 14, 19 dr*. * lot Idix, carry I. 

4 at 

K 17. 24, 34, 44 lbs. » 1 qr. 1ft lba. carry I. 
4, ft qrs, * 1 cwt. 2 qr*., carry 1. 

A 19* 19,83 cwt, » 1 ton 9 «vt, oarry L 
4, 8 tana 


1701 gain. Ifta Si Aaa 



COMPOUND SUBTRACTION 

R Compound quantities «if subtracted as 
follow*: 

Eunplf 1. From £1$ 4#. take Cl I 

17*. 4|rf. 

RxruxinoN. Writr (hr 
smaller quantity under the 
larger, with unit* of the same 
kind in the wxnf column. Then. 
9J As*. make the lower line up lo the 
topline, ** in Art. 13 
3 far. and 3 Ur % ljd . carry Id. 

Id., 5d., and 9d. * la. ‘id., carry la. 
la, H*. and 6* « 14* . carrv Ift*. 

Ift* . 2ft*. - Cl, carr\ £l 
£1. £2, and £6 « £8.' 

Thus, £(Uk 9fd. muat be added toil l 17*. 4fd. 
to make £18 4*. 2 id. 

41, The method of Art. 14 may Ik* used in aueh 
examples an tin* following : 


£ a. d 
IS 4 2| 
II 17 4f 

£6 6 

S*y. 


Example. How* much will be left out of 
£17 9*. fW., after paving bills of £2 14a. 4 pi., 
£7 I*. 9|d.* and £4 lla. tifd ? 

, Exn+ASATV>x. Write the 

1* ft ft lb. tid. fir**, and draw a line 

* ' to separate it from thr amount* 

2 14 4 1 written Mow 

7 I ftj Add up them* Utter, and make 

4 11 61 the lum up to £17 ft*, ftd 

M J r. , Thu*. 2, 4, ft far., and 2 far. 
2 — ! — * *. - id . r«rrv 'id 

•id.. «d . IT d . 21 d„ had W is. (id., carry is. 
i».. S*.. U.. K*.. and U. ~ \is. 

10... 20*. « £1. carry £1. 

I. S. 12, U. and £S - £17. 


EXAMPLES 6 

f, Subtract £219 17*. 4 id. from £432 4*. 2fd. 

t. What must lie added to £1 Ifta. 7d , 
£4 la. 3 Id., £21 11*. 2fd . £5 4* 7|d , to 
make the total amount to £54 fta. ftV. ' 

S. Subtract 15 cwt. 1 qr. 17 lb*. firia. from 
1 ton 2 qrw. 5 lbs. 4 or. 

4. Find the value of 11 guinraa 4 7 half- 
sovereigns + 3 crowns 4 ft florin* f 37 
sixpences + 347 halfpence. 

I From 14 ac. 519 aq. yds. 7 »q. ft take 9 ac. 
1 163 aq. yds. 8 aq. ft 

4 . Add together 5 ac. I m. 14 po. IS yds., 
16 ac. 1 ro. 28 po. 23 yds., 36 ac. 2 ro. 
96 po. 19 yds., and 1 ac. 17 po, 

7. Subtract 4 bush. 3 pka. 1 qt from 7 busk 
I galL 1 pk 

1 Find the difference (in £ 1 . d.) between 
79263 th r ee p ences and 65129 fourpencas 


COMPOUND MULTIPLICATION 

44. The sum of s given number of fepetitfons 
of u compound quantity is found by the method 
of r:~~i~£ImultfpiiButiflu 


Example I. Multiply £14 17s. S)d. by ft* 

8ay, 5 x 2 f . •* 10 L - «»*. 
carry 2d. 

5 x Hd, * 40d., and 2d, 
£ t 4 •* 42rf. * 3s. 6d.» carry 

14 17 K| ,**■.„ . „ „ 

5 5 x 7. 3ft. and 3, 33* put 

- — down 8. carry 3 

£74 H ft| A a* ft x 1, ft, and 3 - H (tens) 

«*■ £4. carrv 4. 
ft x 4, 20* and 4 ** 24. 
ft x 1, ft, and 2 **- 7. 


45 . If the multiplier has factor*, each less than 
13. ami they arc easily soon, proceed thus : 
Example 2. Multiply £2 7*. *\d. by 54. 


£ *. d 

* " JJ* Here l> x fl M. 

. So first mult ip) y by 9, as 

21 ft ft | in Kx. I alwivr, ilicn mul- 
ti tiply the product by ft 

£ 12 * 17 41 An^ 


Example 3 
Um* cwt »jr*. lb* 
4 2 K 

11 

2 10 1 4 

3 


Multiply 4 cwt 2 qr* H lbs. by 33 

11* 3 33. 

Ifnftce, II > 8 *■* HH lbs. 

- 3 qr*. 4 lb* 

II x 2 22, and 3,2ft 

qr*. fleet. I qr.* e*e 


7 lt> 3 12 Ana 


46. If tin- mult tjilicr cannot lie expressed in 
factor* lew* than 13, or if ih<* factors an* not 
readily found, the following method is used. 

Example 4 Multiply £3 17* «fr/. by 247. 

Kxrt.AXXTtox We find 20ft 
times iho quanta tv, 40 times, 
ami 7 times ; then add the 
thnsT results 

21X1 «* 10 > 1ft y 2 ; multi- 
ply by th#*se factors. in order, 
giving £775 Ha 4 </, Next, 40 
** If l * 4 We have already 
mutt totted £3 17* Old. liy 10. 
so we have simply to multiply 
that result. vt£ £38 15a. fta 
by 4, ami write the product 
under t lie £775 K*. 4 d. Finally, 
£957 12 9f da* we multiply £3 17*. ftp*. by 7. 

The sum of these three pro- 
ducts gives the required result. 

COMPOUND DIVISION 

47. fn Art. 22 it was «tat<d that division may 
be looked upon in either of two ways. When 
a quantity is to lie divided into a number of 
equal parts* then, 

(i.) if we know the number of parts* we can 
And the value of one part. This process 
is sometimes called PartUum ; 

(si.) if we know the value of one part* we can 
And the number of pari a. This process is 
sometimes called (fnOifios. 

The method of Partition will he understood 
horn the following exa mp le s ; 


£ a d 
3 17 H 
1ft 

38 15 A 
1ft 

387 14 2 
2 

775 8 4 
155 1 8 

27 2 9j 



Example 1. D»ride£13 1U5*d, by5, 

£ 0 . d. ExruuuTfou. £16 divided 

1)16 ti b\ by Sgive* £3quo?w*n’, *nd £1 
*JjT -.7 , remainder. Thk £1 k 20*., 
il , i which, with II*. from the 

dividend, make* 31#. 31 «. 
divided by 5 gtve* fb. quotient, and l*. re* 
mainlrr (all thin 1 2d. and 5 d from t h<? 
di video), making I7d. I b vide by 5, oh' anting 
3d. quo t**nt, 21 remainder. 2|d. in 1U far., 
which, divided by 5, (five# \d. 

Example 2. Divide £73 2* 1»fd by 21. 
t m d 

3)73 2 !»f 

7)23 II II ♦ I far. j 

3 11 ii| 4 <; far „ 3 f 

£3 11* tt|d * 1 5* f,»r frill In* 


Example 2. How many times can 1 ton 4 cw 
22 Ik be subtracted from 6 tons 12 cwt. 1 qr 
IS lbs. 1 How many cwts., etc. will remain f 


Hi far. 


20 


Exm.ivatmv 3x7- 21. 

Af rr dividing by 3, tlu-ri* i« 1 far. rrm 

thiutihg flu* iflto H*tlf tty 7. £1 Jf« #5 * ,/ 

and II far rent Tin* ntt'nti* ft far. from rath *>/ 
* **#*# '/ Ltf <b \\d Tim*, th e vomtdttv 
rem in 3 * (i t i iu far 

Example 3 fill life £2tNfl8 Iff-, by 458. 
i * d £ * «/ 

45#))29*rt* )ti n <12, to oj .|m, 

25i »h 

Km*I *\ %TH»X. We divide 
i’2llxilH 1 »y iMl exactly a* in 
»um»le division (Art. 20). 

456 ) 437!» ( to* There t« a remainder of 
Hi 

jo Multiply the non. by 20, 

„ *od nd»l m Mb, from the 

4<V) ) 22?* ( l Id dividend. Till* give* 4371b. 

4 lh\tde by 458, uhich give* 

430 ) UI2 ( 2f ! <l * M«otirnt and Mb. rem . 

» t 22Hd. 430 a ill not divide 

flua, ao ur get (W quo* wnt. 
Kcdurr the 22*/ to far Then 0)2 far. 
divided by 456 gives 2f quotient. 

In Quo' it mn, or tlie division of one 
quan »ty by ano her of the name kind, we first 
nxtur* the quantities to the same unit, and then 
pnawi an in simple division 

Kxani|4r 1. £120 4* 5p/ i» divided equally 

amongst a eertam numlwr of lermnu If each 
theiwT 1 ** * ^ ^l‘f horn many persons are 

t - d £ «f 

* 4 ** »*! « M Mil*, we mdu~ 

31 «^h amount to half. 


MHs. 

12 

livid 

2 


244 Ha 
12 

MS d. 

2 


The quotient of 
37707 by 2300 is 23. 
**• there are 23 per* 
•ana 


2900 halfp. 37707 halfp. 


no 


2300 > 37707 f 23 persons ,4** 

~isr 


ton cwt. lbs. tons cwt. 

I 4 22 6 12 

20 20 

24 cwt. 132 cwt. 

112 4 

470 529 qrs. 

224 28 

2710lhs. 4250 

1058 

14S30 lbfl. 

2710 ) 1483 ft (5 times 
o^(4) 12*0 llw. rem. 

<7 )~ 320 


T 


lbs. 

13 


f# b €—rtn**d 


4 ) 4u~ qrn. 20 lbs. 

1 1 cwt. 1 qr. 20 lbs. 

Here, reduce each to lbs. After the divisior 
we find 5 for quotient and 1280 lbs. remainder. 
Tin* remainder i« reduced to cwts. by method o 
Art. 3U. 

Tltu 0 the eomp/efe answer is that the sub- 
f roe ion can he done 5 firm**, and 11 cwt. 1 qr. 
20 lbs. remains. 

EXAMPLES 7 

1. Multiply 5 mis. If fur. ,54 vd*. by 48. 

2. Divide 184 tuns 14 cuts. 3 qr»*. 10 lbs. 13 os. 

by 37. 

8. Multiply £53 Mb. i»$d. by 3042. 

♦. Divide £1940 l.V lid. by 121. using factors. 

5. Divide £1057 Mb. 8d by £3 lb. 7$ f 

6. Mow many halfcroutis will rt^main after 

£2 14s 7d. is Mibtrai ftxl as often as possi- 
ble from £87 Mb. 2d. ? 

7. Divide £53 15s MW. among 10 men, giving 

3 of them IOi, each more than the others. 
[NVe: Subtract the extra 30s. from 
£53 15* MW. and divide the remainder 
equally among the ten men ] 

8. Divide £1) lb, 0d. among 7 men. giving 2 

of them twice as much each as the others 
get each. 

•. A !»at and hall together cost one guinea. 

If the list cost 5 times as much as the 
ball, find the cost of each. 

10, A woman bought 12 demrn eggs. If they 
had cost 3d. a down less, she could have 
bought 2 down more for the same money. 
What was the original prior per doseu ? 

lb Odfc* »• bought at £6 IDs. per cwt. and 
•old at U 7 d. per lb. How much is 
gained on 1 cwt. ? 

It. A packet containing 5 cigarettes and a 
coupon is sold for a penny ; another 
packet is given for 5 coupons. How many 
cigarettes should be sold for a shilling ? 

11, Divide £29 15s. into an equal number of 
•oveteigns, half-aorereigns, crowns, half* 
crowns, shtiimga. andSpiom 

OauacnoK. la laat line baton, of dtriaoaS 
““ — J * 



MATERIALS & 
STRUCTURES 


CHARACTERISTICS OF IRON & STEEL 

Iron in to »od ttcat toi s at Wrought Iron, Steel, and Cast Iron 
A Short Introduction to tto Falter Cooraa oo Iron and Steal 


By Professor HENRY ADAMS 


IRON [ffima ; Symbol Fe, atomic weight 50] 
4 is a widely diffused metal known under three 
principal modifications as wrought iron, sled, 
and cast iron, each having very different pro- 
perties primarily depending upon the amount of 
carbon (symbol C. atomic weight 12) entering 
into i*s com|>osii ion. Briefly, wrought iron with 
very little carbon is fibrous, tough, soft, and 
ductile ; may lie forged, hammered, or rolled to 
various shapes. Steel, with more carlion, varies 
from fibrous to crystalline. When containing a 
small amount of carls »n, it may lie welded, and 
with more carUm may lie cast. It can U? forged 
and tempered, and is very tough and strong. 
Cast iron, containing the most carlsm, is crys- 
talline and brittle, fluid at high temperatures, and 
takes complicated shapes by costing in a mould. 

Figure 28 gives a pictorial represent at ion of t he 
eff<»ot of cartxm m iron. The block shown may 
tic supposed to 1st formed of an infinite nunils r 
of layers, the lowest lieing pure iron and the high- 
est iron with as much carlsm as it will hold. The 
black wedge shows the amount of carlsm in the 
various layer* if it could all lie collected at one end. 


Diutingulahtaf Features. Workmen 
often require to dis inguish these different modi- 
fication*. (ienerally the shape and external ap- 
pearance are sufficient to indicate the material, 
out there are precise tests. For instance, if 
made red hot, cast iron or malleable cost iron 
will fly to pieces when hammered. If {dunged 
into water w'hen red hot, steel will harden, w iule 
wrought iron will remain soft. They can also 
bo dis inguished very readily by the appearance 
of a frac ur»*d surface : wrought iron has a dull 
bluish fibrous fracture, wib so me limes a small 
crystalline portion ; mild steel has a silky 
appearance ; while cast iron has a fine granular 
fracture generally on a dull grey colour. Cost 
steel has ra her a more silvery fracture ih&n cast 
iron, wi h very fine grain when of the best quality, 
as in tool s*e«L It is perhaps more difficult to 
diat inguish between wrought iron and mild steel, 
particularly in work finished bright, but a drop 
of nitric acid will not produce any change upon 
wrought iron, while upon steel the colour of the 
spot will vary from brown to black according to 
tto amount of carbon present, the reason being 
that the iron d tool res and leaves the carbon as 


a black deposit. 

The foil owing table by Baoerman shows very 
concisely the effect of carbon in iron : 



Nam* 

IVminligt 
of Vsrtion. 


Steel 

0 50 

Dives sparks with a flint 



when hardened. 

re 

1 00 to I \*l 

l.tiittU for fttcel of mast- 



mum hard nr** and ten- 

Si'll V, 

H 

l 75 

Superior Imut of welding 



steel. 

•• i 

i 

l HO 

Very hard cast ateel. (org- 
with great (tiltnullv. 

i 

1 ( A) ! 

Not malleshle hot 

Cast iron 

2 <«) 

| 

i Lower 1 until* of is t iron, 

| cannot t»e hammered 

»• If 

r,’00 I 

' Ihghe»*t carburet ted com- 



pound uUttiMatile 


Iron Ore Iron is obtained by smelt mg various 
ores which are more or less rich in flic metal. 
These ore* may Is* classified as follows : 

Oruin Magnetic Oxide, or Magnetite from 
Sweden, Norway. N«»r h America, «* e 

Htd IhrrMhif, or A\i/»ry f>rr~ from White 
haven and riverwton. Sjtrruhr Ir<m (hr is of 
the same oomp<**it ion, hut of crystallised maases, 
and is found in Ktiaain, Spain, iKIlm, etc, 

Iirou*n Hamatiir -differs from lied Haematite 
in contain ng wa‘er, and it is found at Forest of 
Dean. Alston M<»or, Nortlmn»p , oii*d*irr\ 

CarfHtmtit » Spa’ hose Iron < Ire, Sf»»« hie t Ire, or 
I run (dance from Nor bum Upland and Durham 
Arytllartous - ( lay Ironstone or (lav Band - 
from South Wales, lludlev, Not h m affordshire, 
Yorkshire, etc. Black (land Ironstone from 
Ayrshire and I*anark, rontamuig coaly im- 
purities. 

The Blast Furnaca. Fortunately the coal 
meaxun** occur close to the bed* of ore, an that 
the fuel is on the spot and the enst of earriagr is 
m nimum The hjematite ores are nearly pure 
oxides, and they may lie put direct m'o the Mast 
furnace for prod tiring the molten metal, hut the 
other life* have to undergo a preliminary process 
of roasting. This cornu* s of breaking the ore 
into piece* of convenient sixr, mixing it with coal 
in Urge heaps and allowing ’hem to burn slowly 
so aa to drive off the contained water, carbonic 
acid gas and sulphur. Or (hr ores may t* 
roasted in a common kiln something like a lime 
kiln, or m a special form known as fijers roasting 
kiln. The operation is known as calcining or 
roasting. The subsequent opera’ ion is as 
follows : the roasted ore, with earthy matter to 
form a flux, and fresh fuel to maintain heat, are 
smelted together in a blast furnace jSgJ trom 50 
to 100 feet nigh, to obtain the metal from » be ore. 

The blast furnaces are freonm'ly in pairs, 
with a hoist between each pair for lifting be ore 
and fuel The charge depends upon tto par* 

m 


O' #5 



tMftf tod erf me. bn* courier* <rf, ssy, 5 ewt. of 
Ota, 2 crt. of tinrfiaw, «w) 5 cwt. of wke, 
popt^ every halt hwr, the funua being 
kept full 

fn connection wt'li the Uasi furnaces ii * 
Ui|r bed <rf moulding **nd fdlwd s pig bed, in 
wliifb impreaseei* by ramming >h* 

«*nd round «Hwxlrn t4<« k« ihrw’, (our, or six 
fed bmg Srvrnd rttwn of tbraw imprimtooi ere 
made, M/btJ mm t<tnn**v’r*1 by ^hmnn^U for eon- 
veytng the mo/frti metd from ike blast fummtx * i 

asiii 10 71tc rvxrfrcn m^faf ** run off every 
I writ e bourn, and when e<*>! ** broken up, the 
forming nhmt mro railed torn and the 
separate utiprewuotiA jnga. 

The wvmn of the Waal furnace ia as 

follow* : the xthca, tdurmna, and iron in tin? ore 
and flux combine, try the *»<l of heat, to form a 
glaa*y »Ug. which tlna’s on the mWten metal 
end run* off near the Wit torn of the furnace, hut 
at a higher jaunt ’ban the moben meal, whirl, 
bring heavier, flow* from »he bo:tu*n A Ninall 
portion of the oarlxm m the fuel combine* wi*h 
t|»e iron and keep** tt fluid un'il it t* drawn off 
at the tap hole. The remainder of the earlwm 
of the fuel eomhmea with the oxygen in the ore 
and the Wa*t to form carbonic oxide or carbon 
monoxide ((D), rarU*n:o ac*d or ea rWm dioxide 
f(X>,h etc , whu'h \ i*« out at the top, or are 
eon > eyed away to lie iwil for raining a* earn by 
combustion under *team tmiKrm Hie musioni 
are shown in 31. f'urhoti.c oxule t* tho g.u» 
dreaded m firry mine* and known a* fire-damp. 

It c*u*c* exphwum*. burning wi h a Wue flame. 

< arUunc (w id i« the fatal g*Mt known an choke- 
damp, whirh t* poulticed bv the combua »rm of 
carhotiu' oxwle and i* tlie mult of the explosion*. 

Clam* of Fig Iron. Fig iron in classified 
urwier throe mam head* Heaaetmrr iron. Foundry 
%nm t and forget non llewaemer iron ia made 
from hamatite ore* and used for conversion into 
•t«wd <»n account of it* freedom from impurities. 
Foundry iron t* the name given to all pig iron 
having a grey fracture and large pro port mn of 
eomlumwl carbon ; it i* prialuoed under a high 
temj»era*urr and full supply of fuel This again 
mi subdivided into three or six rlaaara according 
to the ratio ketwwn the carbon chemically com- 
bixwl and that mechanically mixed. 

Forge mm con*** * of wfrite pig iron, almost 
tree from tmoimbutol ear bon and itiiubh for 
conversion into wrought iron, il ta produced 
with a low temperature or Insufficient supply of 
fuel, and m fwuumtly run from the Waal furnace 
into iron moulds, rendering it brittle for ease 
in breaking up. 

The foundry iron goes divert to the foundry, 
where the different qualities are mixed in various 
proportions according to the nature of the 
easting for which the metal is requited. 

The forge iron has to undergo other p t wo s n 
before the finished wrought iron is produced. 
The first p r o ems is refining, which as both a 
obsmtol «ad mechanical operation. This eon- 
eiete of melt tag the pig tot with coke or charcoal 
hi an open hearth or refinery furnace (fit] sup- 
plied with an ah blast so a* to hifihp tan the 


mrited maul ind fnraidi «n oxidkmg rtw> 
cpbei*. Th» oMTie, off * portion of th® owrtaB, 
and at the same time remove* a portion of the 
impurities in the form of slag. The melted 
metal i* th< n poured into a cast iron trough lined 
with loam, kept cold by water circulating below, 
an d the sudden chilling has the effect of causing 
the whole of the carbon to remain in chemical 
comtanatton producing a hard silveiy- white 
fracture. 11 y this change the fluidity of the iron 
ia reduced and the su haw/ uen t puddling process 
mi fmrditm'ed. For common wrought iron the 
forge pig may go direct to the puddling furnace 
wrhout undergoing the intermediate Mining. 

Puddling. There are (wo methods of 
puddling, called respectively dry puddling and 
wet puddling. Dry puddling is the process of 
ohtatning wrought iron by burning the carbon 
out of rrfined cast iron in a reverberatory furnace 
[32]. The oxygen of the air, at the high tern- 

J wrature employed, combines with the carbon to 
arm carbonic oxide gas which escapes, and with 
the silicon and other impurities which run off as 
•lag. In hand -puddling the mass is stirred about 
until it is of sufficient tenacity to be lifted out of 
the furnace in balls or blooms of 00 to 80 lbs. 
each ; a 5 owt. charge takes about two hours to 
work off. 

In Danks* rotary furnace the revolution of the 
furnace e floe's the same as hand labour. If the 
ojwration be stopped W*forc the earbon is all 
removed, pud d lea steel is obtained. Wet pud- 
dling, or * 4 pig* boiling,” is the more modern 
process, in which grey unrefined pig-iron is con- 
verted direct. The bed of the reverberatory 
furnace is lined with broken slag, cinder, scale, 
etc., fused together, and over these a fettling of 
soft mi hwmatite or puddlrrs* mine is placed. 

The stages of t he puddling process are — 

(?) Graphitic carbon converted into combined 
carbon, and silicon partly oxidised by roasting 
and melt ing. 

(2) Metal drawn from the sides, and mixed 
with that in the centre. 

(3) Metal boded far twenty minutes, impurities 
being oxidised by agitation of (be mass. 

(4) Pasty metal bulled and ie balled ready for 
shingling. 

After removal from the puddling furnace, at a 
welding heat, the blooms are put under a heavy 
trip hammer, a rotary squeeser, or a hydraulic 
press, to remove the slag and impurities from the 
spongy m ass, und to solidify the metal They 
are then passed through chilled rolls, fiat or 
grooved, of various dimensions, to prod o ce the 
shape required, bring drawn down gradually to 
the finished rise. After passing the bloom 
through the first aeries of rolls, it is known ea 
puddled bar. These puddled bars are then 
cr opp ed, piled, m heated, welded, and rolled to 
form merchant bur. Tbs material tiring again 
put through these processes besom sa angk 
double, or treble beet according to the number of 
repetitions. Cold rolling improves tbs tenacity 
and raises tbs limit of elaetittty ol wrought bun 
in a remarkable degree, but thedueObly n some- 
what diminished It leaves tbs bun with a 










smooth, bright so Horn, fro. from the ttstie oC 
bUcIt ox»d* which m toft by hot rotting, *iw m 
H can bs rolled rxac ly to gauge* *here t'« many 
puf|MMMM lot which it requite* no further pm* 
par* turn 

Defect*- Them am twochtof defect* to which 
wrought iron m liaMe - cold *hortnr*s and red* 
nhnrtom ( «»ld •hoftfima ta produced by the 
presence <d phosphorus a* an impurity ; the 
iron t» brittle when cold, hut of ordinary 
character a hen heated : t* crack* if bent cold 
hut may \m forged and welded at high tem- 
imrat urea. Bed ahortneM i» generally produced 
hy the prearni* of sulphur, aometi me* by arsenic, 
coffer, and other iinpuritie* ; the iron in tough 
when mid. hut cannot \m welded, and ia difficult 
to forge at high temperature*. 

Home part* of roach im’ry require a hard wear* 
mg »iirfa« e and a tough interior ; the iron i* ihen 
rase Hard* mtd. Tb* piece i* generally finished 
bright and then heated to a cherry rod and placed 
m contact with broken pnimuate of jx»ta»h 
fK«Fot‘y«), wrap* of leather, or oilier intro- 
genoua snlwtalic’*. The surface t* thus eon 
verted into •‘cwd hy the atworp ion of carlxrn ami 
ta hardened by quenching in water. 

Stvtlg Steel may hf made hy the addition 
of earlsm to wrought iron or the alwttracitnn of 
eart*m from cast iron ; l*o‘h me' hod* are in 
uae com nun' tally, hut the old r bonification hy 
which i lie percentage of cartom alone determined 
tlie deaignation t* now discarded, aa some steel 
may ha\e only the umo amount of car lam a* 
aontc wrought mro. It ia the mode of manufac- 
ture which really determine* the classification. 

Msd<t dr el ta produced hy a process called 
cementation, liar* of purest wrought iroif are 
placed in a furnace Imtween layer* of charcoal 
Kinder. and kept at a high temperature (*ay, 
4t*l* F ) for from five to fourteen day*; the 
bar* are now brittle, rrys’allm* and more or lea* 
covered with 14l*te.rs. Tlu* material Is used for 
facing hammer*, etc,, hut not for edge tool*, ami 
to largely used for et inversion into o her kind* of 
*tecl N f*ri mj Meet t* Uw er ateel heated to an 

orange red colour ami mlleit or hammered. 
Shear M**J i* hlt«?er *teel cut into short leng hs, 
plied into faggot*, sprinkled with aand and 
horax to form a Hux, ami placed at welding 
Heat under a tilt hammer. Single and douMo 
•hear • eel deno'ea tlie number of times the 
proem t* repeated. It ia need for large knives, 
eey he*, plane mm*, shear*, eto., frequently in 
conjunction with iron 

He *** wo Meet t* made from grey pig iron eon- 
taming a large proportion id free carbon, a small 
quantity of silicon and manganrae, but free from 
sulphur and phosphorus. The iron is melted in 
a enp«4a ( S*l. somewhat similar to a small blast 
furnace, and run into a converter lined with fire- 
brick and suspended on hollow trunnions (M). 
A*f is blown through the me al for about twenty 
minutes to remove all the carbon ; five to ten 
per cent, of sp i e g shi ss* is then added, and 
mowing i» resumed long enough to incorporate 
the two metals, the convertor ie then par ly 
rotated and the molten nrt*l pouted net nto a 

m 


large ladle which is earned by a crane round a 
screw of moulds into which the metal is poured to 
form ingots. The ingots* when cold, being 
porous, are reheated and put under a steam 
hammer, then rolled or worked as required. 

Bessemer steel is used for rails, tyres, rolled 
j ois s, common cutlery and tool*, roofs, bridges, 
etc. GiUhriM-Thoma*, or basic steel, is similar 
to Bcsacrorr, hut there is a difference in the 
lining of the convenor, which is baaic, or non* 
ftiltoootjH, made from burnt dolomite or magnesian 
limestone. By this process* the phosphorus is 
quickly and cheaply eliminated by combining 
wit h t he hme, And inferior iron may consequently 
lie employed. 

Siemens* Steels. A very ductile steel is 
produced by the various open-hearth Siemens’ 
processes, the principal of which is perhaps the 
I-andorc Siemens steel. Tlie iron ore is treated in 
a rotary- fumae© with carbonaceous material and 
converted into balls of malleable iron, which are 
transferred direct to the steel melting furnace, 
where spiegeleisen is added. The result is steel of 
a very duotilo quality, dense and uniform in 
texture, and by a oareful proportioning of the 
materials Any required degree of toughness and 
hardness may bo obtained. Structural s'cel may 
be divided into three grades : roiW or so ft Isdow 
0 1ft per cent, of carbon content and suitable for 
Wider plates and similar uses ; medium, 0*15 to 
0 30 per cent, of cartom, for joists and general 
*t run ural purposes ; hard, above 0 30 j*or cent, of 
carUm, for axles and shafts, etc., whero wearing 
surfaces are desired. 

Compressed steel is mads by the application 
of pressure to the fluid metal, and tho resulting 
steel is of superior density and tenacity, besides 
being freo from blow holes. 

Cm able CaM Steel. CYucibl© cast steel was 
orginallv made by melting fragments of blister 
steel in covered fireclay cruel Ups and running 
into iron moulds. It is now generally made 
direct from Swedish Imrs cut up and pieced in 
crim Ue* with a small quantity of charcoal and 
the subsequent addruro of spicgricisrn, or oxide 
of manganese. It may lie forged at a low cherry 
red, hut is unwehlable ; the fracture is gTey and 
the crystals very mimre. It is used for tool 
steel, and there are many varieties produced by 
alight difference* in the ingredten s, such a* 
Heath’* and Musbet’s steels, Tungs'en steel. 
Chrome steel, Harveyised steel. Kick el steel, and 
various high speed tool steels. 

Dannemora cast steel may he taken as typical, 
the properties according to the amount of carbon 
being shown in the following table : 





^ Trll > P < r | Too>» swIU bta far. ftemart* 

» 4 Punch’ Mill picks, circular cutters, M it b e 
Ups, rimers, small shear- j wr ldedj 
blades. Urge turning tool* wuh grvat 
and drill*, punches and care, 
screwing dies. 

J Chisel. Cold chiweln, hot nett*. Will weld 
medium silt* shear-blade*, with care 
large punches, large tap*, 
miners* drills for granite 

| Sett Cold setts. minting dies. Will acid 
large shea r-hlades.m me rV without 
drills; smiths' tools, as difficulty, 
sett hammers, swages, 
flattencrh, fullers, etc. 

{ Ifie Boiler cups, snap#, bam- Will wi ld 
mers, stamping and prev- liio iron 
slug dies, welding steel 
for plane-iron*, etc. 

Xcw varieties of at eel ltc*ide« those named 
are introduced from time to time, particularly 
for use in the construction of armour plates, hut 
the mputaion with which they start is not 
always maintained. 

Cast Irons. Reverting to cast iron for 
foundry use, there are three usual divisions. 

Xo. 1. Grey. This is soft and deficient in 
strength, very fluid when melted and used for 
ordinary eastings ; it contains from 0 0 to 1*5 
per cent, of carWm chemically combined, and *211 
to 3 7 per cent. mt'chanically com lam'd. 

Xo. 2. Mauled. Tlii* is of vanaMe hardness 
and take* its name from its appearance ; it is 
stronger than Xo. 1, and is used for larger cast- 
ings ; it has more carbon chemically com bines 1 
and leas mechanically. 

Xo. 3. White. Tliis is very hard, strong, and 
fusilde, containing three to five per cent, of 
carbon all chemically combined, it is of morn 
use for conversion into wrought iron than for 
foundry purpose* ; but all three varieties may 
be mtxoa in various proporiions for different 
purposes. (Jrey cast iron gets stronger when 
re me l icd, partly by the burning out of some of 
the carbon and pardy by the greater proportion 
which becomes chemically combined. Castings 
that have to be machined are more easily worked 
when of grey metal, but a certain proportion of 
No. 2 has generally to be introduced to secure 
the requisite atreng h. 

Chiliad Cut Iron. For certain pur 
pose* a very bard face is required, as on the 
tread of cast iron wheels, rolls for rolling mills, 
and po nts of Palliser shells, ate. This is obtained 
by running the metal into a mould of white or 
hard east iron for the part requiring to be 
dulled, protected by a wash of loam, when the 
•oddest cooling causes a chemical combination of 
the molten iron and carbon- The fracture is 
always silvery and the direct km of the crystal* 
beat ion strongly marked. 

kiallwdfcl* Cnat Iron. Malleable cast 
Iron is made by heating ordinary eastings, pro* 
ferabtv of whits cast iron, from two to forty hours 
according to me, in contact with oxide of iron 
or p o wdered red hem elite, which causes a 
partial oonvwrskm into wrought iron by the 


abstraction of carbon, and a consequent change 
from the brittleness of a casting to the toughness 
of common wrought iron ; it is used for cheap 
spanners and work of that kind. Malleable cast 
iron is rather a misnomer, as the material can 
neither be forged nor welded. 

Ana* her mode of toughening cast iron is to 
melt with it from one-fourth to one-*rven*h of 
its weight of wrought mm scrap ; some of the 
carbon in the cast iron unites with the wrought 
iron, and the mixture. having a smaller percentage 
of carUm as a whole, forms an approximation 
to steel. Although wrought mm in the orduiary 
way cannot 1ms melted, hut only liecomes a pasty 
mass when heated, the addition of a minute 
quantity of aluminium, by Nordenfelt** Mttis 
process, enables it to melt and How sufficiently 
to form castings having alt the pro|»erttee of 
wrought iron, except that they an' perfectly 
homogeneous and free from stratification ; Mil is 
metal will both weld and harden. 

Metallography or Mtcro*matallurgy. 

The use oT the mieroaoopr m cntmctMon 
with the st mot uro of a chilled casting was 
first mentioned hy Reaumur in 1722. In |K33 
Francois followed with the iiurrn*co|tc the 
sucocmovc steps in the reduction of mm fioin its 
o^w. In 181*4 Pr. Sorhy, st inlying |*oli»hod and 
etched specimens of iron ami steel, said " steel 
must 1*' regarded as an artificial crystallised 
rook, and to get a complete knowledge of it, 
must lie regarded as such M Alsmt 1 H7<t tlie 
writer recom mended a study of the rrystal 
list* ion of metal* to an inquirer for subject* for 
O lginal microscopical research m the Knglmh 
Mechanic, hut the subject was not taken up 
practically until alsmt 23 year* later, when 
several investigators entered the held From 
1883 onwards many workers have U*m Hives 
tigatmg the same subject, extending their latsmrs 
to the mu ro structure of various alloys. 

Forging, welding, and tempering are so inti 
mately connected with wrought iron and steel 
that a lirief description rtf these proreaar* will lie 
of some interest. 

Forging. Wrought mm at a red heat may 
lie hammered into various *haf*<* called forging 
W hen a piece is drawn down smaller, the process 
is caHocl ewaging, and when jumjtrd up or 
hammered on the end to increase the thickness 
i; is called upstUing The more working the iron 
has undergone the mom suit aide it is for forging ; 
common iron is not suit aide, as the scale or slag 
in it causes it to crack- When the forging does 
not involve much alteration of shape, double best 
may be used, but where Hanging ts required, as 
in boiler work, it is n ecess a r y to use treble- 
best. 

Yorkshire iron is mors ductile and malleable 
than any other, and is therefore used for impor- 
tant flanging or difficult forging*. For light and 
complicated work, snob as boat hooks, charcoal 
iron is used. Mild steel may be forged, but it is 
necessary to proceed by easy stages, and it is of 
the utmost importance not to continue the crock 
when the steel has leached a blue beat, or it 
wfll require annealing to remove the internal 
stresses that are canted. 
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Bmmrniog Immm Dim k a modem method 
far maftfag aitfcfae « wrought boo and mild 
atari, under ll m steam hammer (called drop 
favgtag) or In a hydraulic pms (called pmestng). 
Tbo malarial lo brought to forging ”*** *°d 
pressed bi a single pair of die* or a graduated 
according to the amount of working it 
to undergo Spanners, draw bar hooka, 
m books, atari chain, pan* ami dishes, 
•levator tmcketa, wheel harrow tray*, and 
nnmherieMM articles of all kinds arc thus manu- 
factured, 

Wridlaf, Wriding i» the process of 
lokung two |hoccs of wrought iron or steel by 
beating and hammering them together. To 
weld iron the must be brought to a white 

heat, just sotnf illating. and the scale of Mark 
oxide must lie swept off I adore they arc put 
together Steel reejuires a much lower heat, ami 
tha surfaces should be sprinkled with sand, borax, 
or silicate of soda, to protect them from oxklat ion 
and to a*l the surface fusion. The welding tem- 
perature of steel depends upon the amount of 
•action <x attained : lienee the extra difficult? of 
wriding two fUeees of different compos 1 1 ion Yhe 
average loss of strength in a weld is from Iff to 
90 per cent., but the weld t* often assisted by 
•carting the two pieces together. There are 
three forms of welding applieaUe to a bar. the 
butt weld (Sft), the scarf weld [M]» ami the lock, 
vest, or grip weld (ST). The ends are first upset 
so as to allow of sufficient reduction in the 
hammering to make the weld solid without re 
duomg the diameter below the normal sis*, then 
ritaped as shown, brought to welding beat, ami 
completed by hammering bet ween hollow swages 

On** form of welding consists in passing an 
elect no current through the pieces to he joined 
The ends are rounded so that they touch in the 
centre first, and the small area of contact offers 
great nwicfance to the passage of the current, 
which is thereby transformed into heat and 
surface fuimwi commences immediately, As 
the junction commence* in the centre and 
proceed* uniformly to the outside, it is very 
efficient, and the weld is said to be of equal 
strength with the solid material, hut unless great 
care is taken there may be a loss of & to lOpor cent. 

Thermit welding is another form. Thermit 
is a mixture of aluminium and oxide of iron 
in fine grain and in chemioal proportion. It can 
b* Ignited by a powder formed of finely divided 
peroxide of barium and aluminium, which mar 
be lighted by a match. The thermit when fused 
has a temperature of about 9000 degrees Fahren- 
heit, and a little poured upon rail ends to be 
we l ded, confined tn a suitable mould or case, 
quickly raises them to welding heat and pres- 
sure completes the joint. 

Face Wriding. equivalent to veneering, may 
aim ha accomplished by the hot rolling o I dean 
metal ingots, of similar or different kinds, having 
a thin meet of aluminium inte rp ose d . Thus a 
compound shest of bun and copper may he pro 
damn In this way with any relative tVtriomas of 
the two external metals 


Tempering When atari is h ea ted to a 
ebamr red ind nddmly eooW in iratar or ofl 
it « ivodersd nay b»rd. Uie mat chum 
produced is not known, but it is supposed by 
some that the carbon is caused to take the 
crystalline or diamond form. This is the first 
part of the operation. If it is a tool that is 
bring tempered, the end only is dipped in water 
and then brightened with a piece ot grindstone, 
and watched until the heat travels down from 
the un quenched portion and causes a film of 
oxide to show on the brightened surface. When 
t his reaches the desired colour the tool is plunged 
into water, and the hardness is found to be Ui 
dawn to the temper required. The following table 
of the colour* corresponding to temperature will 
t** faun*] useful . 


fewest red heat visible in the dark 

Degress 

Fahrenheit 

036 

Faint mi 

900 

Dull rvd 

.. 1200 

Brilliant md 

. . 1470 

Cherry red . . 

.. 1650 

Bright cherry red 

.. 1830 

Orange 

. . 2010 

Bright orange 

.. 2100 

White heat 

. . 2370 

Bright white beat 

.. 2550 

Hauling white heat 

.. 2730 

Wriding or scintillating heat 

.. 2800 

The colour* at which the various 

§ 
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tempered will be found in the following tabic : 


Cufasr «f glia. Ssturs of Tuot 


Very pals yellow; 

straw 

8 had* of darker! 

yellow | 

Golden yellow 


430 lancets and turning tools 
for oast iron. 

450 Ksxor* and ditto. 

i 

470 J VnkniTe*, turning 'tools for 

• iron. 


Orang* yellow 

Brownish jellow 
Brown tmgedj 
with purple .. 

Light purple .. 
Full purple .. 
Full blue 

Orev blue 


490 <\»id chisels, drills, sore* 
tape, wood tools. 

Hatchet*, plane-irons, chip- 
f ping-chisels, saws for Iron. 

tools for working granite. 
* turning tools for brass 
6801 Swords, ordinary springs, 
950 1 tools for outting sandstone. 
570 Small saws, watch-springs, 
| augurs. 

600 Large saws, pit and band 


Pale blue with 
tinge of g r e en 
Grey 


690 

750l 


Too soft for steal instru- 
ment*. 


Tampering may he done in a hath of molten 
metal Different proportions of lead and tin 
become fusible at temperatures varying from 
about 400 to 099 d egr e e s Fahrenheit, and thus 
provide any requisite tem pe r ature between thoee 
limits. Watchmakers* artUe and eneh small 
art kies are s om e t imes t empered by making them 
ted hot and thrust ing them into a tallow o an die 
Some tool-makers have their own reeipes* eeftt 
water, vinegar and watmw whk hsfeag 


To kt 





HOW SCIENCE MAY TRANSFORM THE WORLD 

The Remarkable Advance of Goabtiy Is Oor Own Tim 
mad the Wonderful Secrets it may Hold for the Future 


By Dr. SAL EE BY 


the pr ese n t day chemistry i« cine of the 
moat flourishing of alt the acien cm. Or- 
tainly none other, tare medical sc tenor. can 
chum auefa a number of cement student*. 
Hour large manufacturing firm* in (Germany 
think nothing of employing *omc kttndrtds of 
trained chemists in onler to prosecute research in 
the interest* of the bouse. 

Hence it ia that during recent yrar* chemistry 
haa made remarkable advance*. It ia not dc*ir 
able here to anticipate the dmcusition of the*©, 
Imt it ia the prewrnt purpose to indicate, aa Jar 
aa may be. the prosper ta of chemiat ry. 

For convenience we may consider, first, the 
future of chemical practice, and then the future 
of chemical theory. 

The Elements, Only a few year* ago 
it might have been #ak 1 that chcmi*try had no 
new element a to discover — mto perhaps one or 
two dements in the star* or the aim. which were 
supposed to be unrepresented on the earth 
But the prophecy would have tiecn wr«mg, for 
the introduction of new met heal* haa lately 
enabled Sir William Ramsay to diacover not 
merely argon, but also some five or atx new 
elementary gases, which occur in minute rjuan 
titiea in the atmosphere. Nevertheless. it ia 
probable that only very few and very untmpor 
lent elementa at ill remain undetected. The 
revelation of radium will prolialily prove to 
have been the laat important discovery in tbw 
direction. 

Nor ia practical chemiatry likely to witness 
any striking diaoovenea in new compound* in 
what if called inoryamir chemistry, the chemiatry 
which mainly deals with compound* that oon 
tain no carbon. Lately Dr. Marshall, of Edm 
burgh, haa discovered the compound* known aa 
the persulphate*, but theae ate of small import 
ance, and there are probably not many more 
to follow. 

Synthonl*. But the future of practical 
chemiatry will be mainly concerned with the 
artificial production of complex compound*, 
containing carbon. Large treatises bare already 
been written that are concerned solely with the 
artificial manufacture by ayatkari* (putting 
together) of prodocta which have hitherto been 
obtainable only through the agency of the living 
or plant. This ckttmeal aymtkeri* of vital 
frodmOs will occupy a very important place in 
the chemktrv of the future. Already the 
chemiat can build up from the elementa such 
complex subatancee as camphor, vanilla, alcohol, 
some augers, and even the eimptosi fo r ma of 
shat ia catted albumin— heat re p r om ot e d fay 
white of egg. Sven whan these** vital products* 
earnest be MU up from their element!, they 


may he obtained from coal tar. The chemistry 
of coal tar will play a large part in the future of 
chemical science. 

If we were to rxprms the difference between 
the past and the future of chemistry ui the 
shorteat form, it would be said that past chemtw 
try has been almost exclusively amalyt #r ~ 
analysis bring the promt* of breaking any 
thing down into its constituent element* -aiid 
that, this procem having now been carried 
practically to its natural limits, present and 
future chemistry are concerned with the opjxwitc 
process of *ynihr*i*. Analytical chemistry is 
almost a perfect science : synthetic chemistry 
the father of whirl), M. Uertiiolot, is alive today 
— i* still in it* infancy. 

Thn Field of Synthetic Chemiatry. 

But we must not imagine that synthetic 
chemistry ia or will bo concerned merely with the 
artificial building up of rdinttotmis already 
known to ho produced by the living animal or 
vegetable organism. On the contrary, synthetic 
chemistry ha* already prulurel, and Is daily 
producing, an illimitatsr srries of new com- 
pound* which are alisoliitclv unknown in Nature. 
The manufacture of these com f sum 1* is of some 
interest to thn theorist, of course, for the theorist 
ran afford to ignore no fart ; hut it is chiefly 
pursued for prac tical ends. Of the^e the least 
important is the service of the dvcing industry 
by the production of dyes sii|s rior to any that 
can Is? obtains! from the vegrtadc world But 
the most important en 1. and that which indivi 
dually, perhajsi, occupies the majority of these 
investigators, is the nervine of me fietnr 

In'leeil, contemporary chemistry goes far to 
vindicate the teaching of Paracelsus, that “ The 
true use of clieniistry is not to make gold, but 
to prepare medicine*/' Not s*> long ago the 
study of Materia Medtra, or " medical materials ” 
(to translate very loosely), was practically a 
department of applied botany. But anytme who 
cares to oompare the text- books on this subject 
written a generation ago with those now being 
published, will find that a moat astonishing 
change has come over the treatment. The 
vegetable world is being slowly excluded from 
such text-books, and it is hard to nay where the 
proces s will end. Perhaps the majority of the 
drug* on which the modem physician now relics 
were unheard of thirty years ago. Indeed, they 
did not exist. They have, most of them, been 
manufactured, for the first time in the bistorv of 
things, in German laboratories, Amongst them 
in included drugs which are now in univereal 
mm, and m valuable to the physician. After 
chloroform and carbolic add come a boat of 
dru gs which relieve pain* etkantate various 
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organs, procure sleep, and so forth. But 
physicians have not vet obtained the ideal 
anesthetic, or the ideal hypnotic, or the ideal 
antiseptic. With these, and with many more, 
the chemistry of the future will be able to supply 
them. 

The Solver of World Problems. 

Again, the chemistry of the future will be of 
incalculable importance in solving some of the 
most difficult problems that confront humanity. 
Of these there are not a few that might be named. 
At present, for instance, mankind is living on 
its capital of ooal : it is to chemistry that we 
must turn for a now fuel when the coalfields are 
exhausted. But by far the most important 
roblcm which the chemistry of the future will 
a vc to solve — and doubtless will solve — is the 
problem known as the “ fixation of the atmo- 
spheric nitrogon.” The reader is already aware 
of the abundanoo of nitrogon in the atmosphere. 
Now this element is an essential part of the food 
of man and of the food of the plant— upon 
which, in the last resort, man lives. But plants 
cannot absorb nitrogen directly from the air 
any more than wo can, though four- fifths of 
every breath wo draw consists of this gas. The 
wheat plant and man cannot fix the atmospheric 
nitrogen. Man cannot even utilise nitrogon 
when it is presented to him in the form of its 
simple compounds. He can utilise it only when 
it has been “ worked up M by the plant into 
those exceedingly complex compounds which 
we call the albumins or proteids. Now the 
plant can utilise the nitrogon which is presented 
to it in the simple compounds, later to be 
studiod, which are oalled nitrates. The only 
exceptions to the rule that a plant can take in 
its nitrogon only as nitrates ore furnished by a few 
plants of the order called Loguminoste, whose 
roots are lived upon by certain 14 nitrifying 
bacteria, 44 which can take in the free nitrogen 
of the “ soil air 44 and hand it on to the plant. 
Henco the constant supply of nitrates is neces- 
sary for the growtli of the corn of the world ; and 
at present we are rapidly using up the store of 
nitrates, which mainly occur in South America. 
When there is no more nitrate to be obtained 
we shall lie in a sorry plight. But it may (juite 
reasonably be expected that, ere then, chemistry 
will have learnt how to fix the atmospheric 
nitrogen easily, cheaply, and in the enormous 
uantitios that will be required. Already the 
xation can bo aooomplished by the use of 
electricity, but only in very small quantities and 
at a prohibitive cost. 

In the World's Food Supply. Many 
other problems connected with the future food 
supply of the world's population— which is 
increasing in numbers at an enormous rate- 
will be solved by the chemistry of the future. 
Doubtless we shall learn, tor instance, to manu- 
facture sugar quite cheaply, and thus to procure 
an unlimited supply of one of the most valuable 
of all foodstuffs. 

Lastly, a word may be said as to the future 
of ohemieal theory ; but the subjeot need not 
detain us long, since it will be referred to in the 
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chapter on physical chemistry. But we may 
note that the theoretical advance of the last 
few years makes it more than probable that the 
chemists of the future will be able to manufac- 
ture the so-called elements themselves at will. 
The conventional values at present attached to 
gold and Bilver will have to be readjusted. 
These precious metals will be manufactured only 
for their beauty and durability in the arts. 
But other metals, even more valuable, and far 
more useful, will be manufactured — metals such 
as platinum, and others, which have special 
properties that render them of use. 

Relation of Chemistry to Electricity. 

Further, theoretical chemistry will become 
completely allied and unified with those 
branches of physics which we call electricity and 
magnetism. Already the old terms, such as 
chemical attraction and chemical affinity, are 
beginning to be ruled out of date, for we are 
learning that these affinities really depend not, 
as the old Greek thinker thought, upon the 
“ loves and hates of the atoms,’ 4 but upon the 
electrical properties of the different elements. 

It is, indeed, not too much to say that the 
whole theory of chemistry will be resolved into 
a mere subdivision of the theory of electricity. 
This prospective advance has been already 
initiated by the study of radium and radio- 
activity. Indeed, it seems hardly too much to 
say that chemioal theory will ere long reach a 
complete and final stage. The laws discovered 
by the students of the past hundred years will 
take their plaoe beside and among the laws 
which the physicist has discovered. Let us 
remember our definition of the province of 
chemistry, and we shall see that the science 
which deals with the consequenoes of the fact 
that matter is of different kinds must plainly be 
resolved, at last, into the science which treats 
of matter of whatever kind. This is another 
WAy of saying that the chemical forces of 
which we now find it convenient to speak are 
not special and peculiar, but are none other 
than particular manifestations of the jihysical 
forces which act everywhere. The forces of 
valency and affinity and so forth, which we 
must study later, are already being regarded 
as merely particular expressions of that omni- 
present force which we call electricity. 

But though ohemieal theory will in all pro- 
bability have become perfected in another 
century, no limit can be set to the possibilities 
of practical chemistry. The number of possible 
compounds which may be manufactured in the 
laboratories of the future is almost infinite. 
Nor can their utility to mankind be measured. 

The Relations of the Elements. 

We cannot look at the periodic law without 
coming to the necessary conclusion that the 
elements are related ; and we cannot philo- 
sophically come to this conclusion without being 
led to the further conclusion that their relation- 
ship implies common origin and an ultimate 
identity of nature. We have already seen that 
it is necessary to reject the simple hypothesis 
that the atoms of all the other elemf nts are 
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compounded of atoms of hydrogen, and we come 
lpon this final parting of the ways : either the 
periodic law means nothing, the relationship of 
the elements is only apparent, a mere matter of 
chance — or the atoms are not atoms. As every- 
one knows, it is to this last conclusion that 
Chemistry has been forced. 

Atoms, Animals, and Plants. Professor 
George Darwin’s Presidential Address to the 
Meeting of the British Association in South Africa 
in August of this year (1905) has clearly put 
before every reader the amazing analogy between 
the atoms of the elements and the individuals 
of any species of animal or plant. The elements 
are species, their atoms correspond to the 
individuals of species, and they are subject to 
change, to variation, to origin, and to disap- 
pearance, just like any living species, and in 
virtue of the same underlying causes and prin- 
ciples of evolution, of which the chief is natural 
selection — which chooses the individual organism 
or the individual atom that is the fittest to 
survive in the environment or the surroundings 
in which it is placed. We must later consider 
this theory of atomic evolution ; meanwhile we 
note its incompatibility with the theory that 
atoms are ultimate*. We must regard atoms, on 
the contrary, as fleeting phases of matter, none 
of which are eternal, even though some of them 
may last for millions of years. Here, then, we 
leave the periodic law, which has been invaluable 
to us, and will proceed to consider in brief the 
main characters of the principal elements, their 
distribution, the principles of their preparation, 
and their more important compounds. 

Element* in the Free State. Some of 
the Elements are found in nature as such, or, 
as we say, in the free state ; but more usually 
they are found as compounds which have to 
be decomposed before we can obtain and free 
the element. Three very important elements 
constitute by far the greatest part of the entire 
crust of the earth. These ar> Silicon , Aluminium 
and Oxygen — the latter of which the earth’s crust 
has doubtless imprisoned from the atmosphere. 

The greater bulk of the earth’s atmosphere is 
made up of Oxygen and Nitrogen, each being in 
the free or uncombined state. Three more 
elements much less abundant, Phosphorus , Sul- 
phur, and Carbon , are found widely spread in 
rocks and minerals and in sea water, though 
their total amount is small compared with that 
of # the elements already named. Of these, 
however, the last — Carbon — is in some ways of 
supreme importance, for when we turn to the 
kinds of matter in which life is displayed, we find 
that oar bon is the most abundant element 
therein. Now Silicon is the most abundant 
element in the inorganic or lifeless world $ and 
it is possible to draw certain interesting com- 
parisons between the chemical properties of this 
element Silicon and the element Carbon. We 
note this resemblance because it is of use in 
aiding the memory of the student, but we do 
not dwell upon it, because we must regard it as 
casual and not as possessed of the deeper 
significance which at first sight is oertainly 
suggested. 


Rarer Elements. Ail the remaining ele- 
ments are relatively less abundant ; even iron 
constitutes only a small portion of the earth’s 
crust, though we think of it as such a common 
element. Radium, again, is almost infinitely rare ; 
but we are learning in the case of Radium and 
other very rare elements to explain their rarity 
in a way which would have astonished the older 
chemists. Nowadays we regard them as rare 
merely because their lives are so short ; and thus 
thev make but a poor show whon we come to 
make comparative estimates of the amounts of 
the various elements a f * any given moment. Lead , 
for instance, is by no means an uncommon 
element ; certainly no one thinks of it as rare ; 
but there is reason to believe that load is actually 
no other than a very prolonged and therefore 
conspicuous stage in the evolution of certain 
atoms, radium representing a very brief stage in 
the earlier part of that evolution. This may be 
very loosely but graphically expressed in the. 
saying that lead is the last stage of Radium. So 
much for the relative abundance of the elements, 
but to this we may add a brief tablo from Sir 
William Ramsay, the world-famous Professor at 
University College, London, which gives us some 
idea of the relative amounts of the elements that 
ocour at the surface of the earth, including land, 
sea, and sky — that is to say, the earth’s crust, 


the waters ol 


the oceans, and the atmosphere : 


Oxygen . . 

. 50*0 

Silicon 

. 25*3 

Aluminium 

. 7*3 

Iron 

. 5*1 

Calcium . . 

. 35 

Magnesium 

Sodium 

. 2 5 
. 2*3 

Potassium . . 

. 2*2 

Hydrogen . . 

. 10 


Titanium . . 0-30 

Carbon . . , . 0-20 

Chlorine . . 0*15 

Phosphorus . . 0*09 

Manganese . . 0*07 

Sulphur . . , . 0*04 

Barium .. .. 0*03 

Nitrogen . . 0*02 

Chromium . . 0*01 


The Metals. An ancient and familiar 
division of the elements is into metals and non* 
metals. Everyone knows what the obvious 
characters of a metal are. It usually has a 
characteristic appearance or metallic lustre ; it 
is usually heavy, and has physical properties 
which make it of practical value. Tne metals 
are exceptionally good conductors of heat and of 
electricity. In all these characters they are con- 
trasted with the non-metals. All the metals arc 
solid at ordinary temperatures with one excep- 
tion, Mercury. This division of the elements is 
not strictly scientific, and very little further 
reference will be made to it, but we may here 
consider the common characters which make it 
convenient to retain the old name, and the few 
words we have to say will form a suitable 
introduction to the course on Metallurgy. 

There are now known more than fifty metals, of 
which six were familiar to the ancients and are 
mentioned in the Bible ; these are Gold, Silver, 
Tin, Copper, Iron, and Lead. In time past it 
was attempted to frame rigid definitions of the 
metals, ana the first definition, now more than 
1000 years old, insisted on the properties of 
fusibility and malleability as the essential 
characters of metals. Fusibility is the quality 
of undergoing liquefaction without other change 
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when great beat ia applied. Malleability is the 
property in virtue of which a substance can be 
Deaton out with a hammer (Latin malleus). 

The Alchemist*. The Alchemists paid 
immense attention to the metals because gold 
is a metal, and it was naturally from the 
other metals that they expected to be able to 
manufacture gold — an idea by no means so 
remote from possibility as we used to think. 
The fact of solidity was also regarded as essential 
to a metal ; thus mercury was not regarded as 
a metal until it had been frozen — that is to 
say, solidified by cold. When Antimony and 
similar substances were discovered, they were 
regarded as somi -metals because they were not 
malleable, but brittle when struck with a hammer. 
Antimony, bismuth, and some other elements we 
often still speak of as metalloids — the termination 
aid implying likeness ; it almost corresponds to 
the English “ ish,” and the metalloids are not 
exactly metals but metallish. However, that 
distinction was shown to lie of small value, and 
the definition of a metal came to rest upon the 
possession of metallic lustre and of great weight ; 
out many of the non-metals have a metallic 
lustre, and amongst the metals is the element 
lithium, which is actually the lightest solid 
known. Hence it is now impossible to form a 
satisfactory definition of the metals. 


A Warning Definition of Metals. Wt 

have dealt with this subject at none too great 
length because there is much instruction for us 
in the history of the changes which increasing 
knowledge has brought in our chemical concep- 
tions. One by one the characters supposed to 
be essential to metals have had to be given up, 
and finally we see that there is no rigid demar- 
cation in nature that corresponds to our rigid 
conception. But we may frame a 44 working 
definition ” of the metals which is quite useful. 
We may say that a metal is a substance which 
in the first place combines with oxygen to form 
what we call an oxide. The character of these 
compounds with oxygen is that, as a class, they 
have a particular affinity for the compounds 
of non-metals with oxygen. The compounds of 
metals with oxygen are called bases ; the com- 
pounds of non-metals with oxygen are called 
acids ; and the union of a base with an acid rtsuUs 
in the formation of a salt. This is a good defini- 
tion, for instances can be adduced to show that 
certain of the elements are capable of acting 
either as metals or as non-metals in accordance 
with it. Sometimes the union of such c. metal 
or metalloid with oxygen has a basic character 
and sometimes an acid character. So much 
for the metals in general. [See Metallurgy.] 
To be continued 


HOW TO USE APPARATUS IN CHEMISTRY 


Electrolytic Apparatus. Sometimes in 
the course of his experimental work the chemist 
has occasion to decompose a substance by 
means of electricity. 

The instrument consists of three glass tubes 
united at om* end. The two principal tubes 
form a U, and from the loop of the U the third 
tube springs parallel to the other two. The 
principal tubes terminate in little glass stop- 
cocks, while the third, or branch tube, tends in a 
bulb of sufficient capacity to hold the entire 
contents of all three tubes. The bulb is open 
at the top, and is about an inch above the stop- 
cocks. Two inches from the bend of the U a 
small piece of platinum foil is enclosed in each 
of the two principal tubes, and the foil is fas- 
tened to a platinum wire which is either fused 
into the wall of the tube passing through it, or 
passes through a small cork fitting into an 
opening in the slide of the tube. 

In decomposing a fluid by means of electricity 
to electrolyse it, the fluid is poured into the bulb, 
the two stop-oocks boing open, till the three 
tubes aro full, though the bulb itself is empty. 
The stop-cocks of the principal tubes are then 
closed, and the wires from a powerful series of 
batteries are attached to the two little pbitinum 
plates. As the liquid is decomposed the gases 
arise in the principal tubes, and by their pressure 
drive the liquid up into the bulb. 

Combustion Furnace. When resolving 
anorganic compound into its elements to discover 
how much carbon, oxygen, hydrogen, and so forth 
there may be in it, we have to m^ke use of a 
oombustton furnace. There are a large number 
of furnaces in use, hut they differ only in minor 
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points of construction. Perhaps the most 
typical is that known as Erienmeyer s furnace. 
This consists of twenty-four Bunsen burners, 
which lie beneath a fuel clav trough, on which 
the combustion tube lies. Tfhe combustion tube 
itself is simply a tube of very hard glass specially 
made for the purpose, and its exact form depends 
entirely upon the object of the analysis. It has 
either two straight ends, or one end is drawn out 
into a point and turned up. In either case it is 
laid on the fire-clay support, and cautiously 
attached to the auxiliary apparatus, which may 
be a gas holder for forcing air through it at one 
end, and a calcium chloride tube and potash 
bulbs at the other ; or it may be an apparatus 
for collecting the nitrogen evolved. The order 
in which the different parts of the tube are heated 
also depends on the nature of the analysis, but 
the student will do well to be cautious in heating 
his tubes. If he is not careful he will cause them 
to bulge and possibly to crack. Again, by turn- 
ing on the gas too suddenly he may crack *the 
fire-clay support. 

Hoot Regulation. Besides requiring 
great heat, the chemist may find it necessary to 
keep an object at a fixed temperature. This 
is effected by means of gas regulators, working 
automatically. Hie principle of all these is this : 
An arrangement of glass tubes is made so that 
the gas has to pass over the face of some mer cury 
on its passage to the burner. This mercury 1 is in 
reality a thermometer, and as the te mp erat ur e 
rises it tends to cut off the gas supply. Perhaps 
the best of these heat regulators is that made % 
Reichert, of Vienna, though quite efficient in- 
struments can be made by the ftHumitt himself. 



To operate Reichert's regulator, the bulb of 
the thermometer tube is inserted in the oven, or 
flask, which should be maintained at a certain 
temperature. The auxiliary burner is placed 
beneath the object, being connected by tubing — 
preferably of metal, but often of india-rubber— 
to the regulator. A second thermometer is 
also insetted in the object. By means of 
an ordinary burner the temperature is 
raised to within a degree of the de- 
sired point. Then the common burner A 

is removed, and the gas allowed to \ 

pass through the regulator, the pin- 
hole burner of which is lighted. After 
a few minutes the thermometer will 
reach the desired temperature, and 
the regulating screw must then be 
turned till the mercury is just touch- 
ing the bottom of the inner tube. 

If, when that is done, the tempera- 
ture of the oven or flaBk rises the 
slightest fraction above the indicated 
point, the mercury will cut off the gas 
and the pin-hole burner will keep the 
object iust warm. At the same time, 
when the temperature falls below the 
selected point, the larger burner should 
be called into play and the heat at once 
increased. An hour's experimenting 
with one of these burners should enable 
the student to keep an oven at a 
fixed temperature day and night for 
weeks. 

Distillation. What is the impor 
lance of being thus able to regulate 
heat ? It is important in many 
In distillation much time and trouble is 
saved by this means. In many important opera- 
tions of Organic Chemistry it is desirable to 
distil substances at varying temperatures. But 
first a word on the ordinary methods of distil- 
lation will be helpful. 

The fluid to be distilled is placed in a retort 
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which should be fitted with an extra tube 
through which a thermometer passes. The 
liquid should not fill more than a third of the 
retort. Overfilling these awkward vessels is 
responsible, perhaps, for more breakages than 
anything else. At the end of the retort is a 
condenser, through which a stream of water 
continually passes, and the oondenser ends in 
the flask destined to receive the dis- 
tillate. Note that the end of the retort 
must be fitted to the condenser with a 
cork or rubber tubing, but unless the 
distillate is very volatile there is no need 
in general practice for the oondenser 
to be united to the receiver ; in fact, 
in most cases it is preferable that it 
Bhould be quite free in the neck of the 
flask. In simple distilling the liquid is 
heated to its boiling point, and there 
kept boiling briskly, while the vapour 
passes over the condenser and returns 
to the fluid state. 

In fractional distillation the matter is 
different. It is generally preferable to 
use a flask fitted with a cork through 
which two holes are bored. Through 
one of these holes the thermomotcr of 
the heat regulator is passed, and 
through the other is passed a wide 
\ glass tube having a branch tube bent 
downwards, reaching out of its side. 
In the upper half of this tube we 
fit our standard thermometer, dosing 
the top and taking care that when 
the desired temperature is reached 
the column of mercury in tlio thermometer 
shall just pass through the cork. The bent 
side-tube is attached to the condenser. Then 
the liquid in the flask is brought to the lowest 
of the temperatures at which wo wish to 
distil, the gas regulator is adjusted, and 
the operation progresses automatically. When 
nothing more can be seen dripping into the 

receiver, allow 
, five minutes 

to pass, put 
on a clean 
receiver, un- 
screw the regu- 
lator of the 
gas controller, 
raise the tem- 
perature to the 
next point, and 
repeat these 
operations till , 
the * tempera- 
ture has been 
successfully 
dealt with. It 
4s always ad- 
visable to allow 
five minutes' 
grace ; many a 
promising ais- 
tillation has 
bean ruined by 
ever haste. 
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Section! GRAMMAR 

Noun* s Fourth Declension s *« stems. 
[The Third Declension will be taken next lesson.] 
Nominative ends in -us (mostly masculine) and 
in -« (always neuter). 

Singular. 

N. V . grad us, a step\ 
gradum f 


Ace. 

Gen. grades 
Dot. gradui 
ALL gradu 
N. V. A. genu, a knee 
Gen. gen Ob 

Dot. ) 

AU.) 


Plural. 
grad Os 

graduum 
fgradibus 
\ (or gradubus) 
genua 
genuum 
fgonibus 
\ (or genu bus) 


Third Person 

For he, she , it, the Demonstrative Pronouns hie . 
is, or Hie (see below) are used. Thus, masculine 
hie (he), feminine hate (she), neuter hoc (it). 

Demonstrative. Used either as adjec- 
tives or substantively : thus (1) hie puer =* this 
boy, (2) hie « he. 

1. SmrLE or Unemphatio. 

Singular. 


A few nouns of this declension ending in -us 
are feminine: e.g., manus (hand), acue (needle), 
domus (house), tribus (tribe), portions (porch), 
smis (old woman). Domus makes dat. sing, domui 
or domo, abl. domo , aco. pi. -os or -os, gen. 
domuum or domorum (partly second and partly 
fourth declension). 

Fifth Declension s *e stems. 

AH nouns in this declonnion have nominative 
in -es, and are feminine (except dies, which is 
common gender in singular, and masculine in 
plural). 



Mase. 

Fern. 

Nevt. 

Nom. 

is (that, or he) ea (she) 

id (tf) 

Ace. 

eum 

earn 

id 

Gen. 

ejus 

ejus 

ejus 

ei 

Dat. 

ei 

ei 

Abl. 

eo 

ea 

Plural. 

eo 

Nom. 

ii 

eae 

ea 

Ace. 

60S 

eas 

ea 

Gen. 

eorum 

earuin 

eorum 

Dat. 

Abl. 


iis or eis (all genders) 
iis or eis 


Singular. 

Plural. 

N. V dios (day) 

dies. 

Ace. diom 

dies. 

Gen. diei 

dierura 

Dat. diei 

die bus 

Abl. die 

diebus 


. Pronouns — Personal t 

tivos). 

Foist Person 


(purely substan- 


Singular. 

Ph.hU. 

Nom. 

©go,/ 

nos, we 

Acs. 

me, me 

nos, us 

Gen. 

mei. c/ me 

•nostri, jt nos- 

Dal 

mihi, to or for me 

trum, of us 
nobis, to or for us 

AbL 

me, by me, etc. 

nobis, by us, etc. 


2. Emphatic 

Hie, this (near me): the demonstrative pro- 
noun of the first person. 

Singular. 

Jiaoe 
hanc 

hujus 
huic 

hoc 

Plural. 

hae 
has 
harum 
his 
his 


Norn. 
Ace. 
Gen. . 
Dat. 4 
Abl. 


hie 

huno 


hoc 


hoc 

hoc 


hoc 


hi 

hos 

horum 


haec 

haoc 

horum 


Nom. 

Ace. 

Gen. 

Dat. 

Abl. 

Isle, that (near you): the demonstrative 
pronoun of the second person. (Often used 
contemptuously — e.g., isti ** those contemptible 
friends of yours. In law, hie =* my client, 
ide =* my opponent, the defendant.) 


Singular. 
Nom. tu, thou 
te, thee 
tui 
tibi 
te 


Ace. 

Gen 

Dal 

Abl. 


Plural 
vos, yt 
vos, you 

*vestri or veetrum 
vobis 
voids 
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Singular. 


Nom 

iste 

ista 

istud 

Ace. 

istum 

istam 

istud 

Gen. 


isti us 


Dat. 


isti 


Abl . 

iafco 

ista 

isto 



Plural 


Nom. 

isti 

istae 

ista 

Ace . 

istos 

istas 

ista 

Qtn. 

istorum 

istarum 

istorum 

Dal 


istis 


Abl 


Utis 






ilfc that (sear him) : tie dasaetstiii 
p ro n oun of the Atrd senes - that yonder, 
that dot there. (Often me a nt "the distm- 
gwabtftt"* OWo & - the gnat Ckte.) De- 
clined Hk* id*. 

Definitive* 

Idem, the same: (oompouad of it and dm.) 
Singular. 

Mam. Fern. NeuL 

Nom. idem eadem idem 

Acc. eundem e&ndem idem 

Gen. ejnsdem 

Dal. eidem 

AbL todem eadem eodem 

Plural. 

Nom. eidem eaedem eadem 

Acc. eosdera easdem eadem 

Gen. eorundem earundem eorundem 

Dal. eisdem 

Abl. eisdem 


Ipse, self. Declined like Me. except that the 
neuter sing. nom. and aoc. is not ipsud, but ipsum. 
Examples of its use : ego ipse = 1 myself ; illo 
ipso die m on that very day. It can be used of 
any person (with ego , tu f etc.) and in any case. 

Reflexive. (Third Person.) 

Singular and Plural. 

Nom. (wanting : use ipse for “ he himself.’') 
Acc. so {or sese), himself , herself , itself , 
themselves. 

Gen. sui, of himself , etc. 

Dal. sibi f to or for himself , etc. 

Abl. so (or sese), with himself , etc. 


Possessive. 




Singular. 


Masc. 

Fern. 

Neut. 

1st person 

mous 

mea 

meum 

2nd person 
3rd person) 

tuus 

tua 

tuum 

(Re t lexive > 

suus 

sua 

suum 

only) J 


Plural. 



(my, mine) 
(thy, thine) 

f (his own , 
her own , etc.) 


1 st person noster nostra nostrum (our) 

2nd person vester vestra ve3trum (your) 

Also cujus cuja cujum (whose) 

Decline mens, tuns, suns, and cujus like bonus • 
noster and vester like niger . Mens has vocative 
masc. mi ; tuns and suvs have none. 

Note. Suus is reflexive only, and cannot be 
used for the ordinary possessive of the third 
person. Se and suus can only be used when the 
person they denote is the same as the nominative 
to the principal verb in the sentence in which 
they occur, as “ Brutus killed himself (se) with 
his own (suo) dagger." For the ordinary third 
person possessive use genitive of is, hie , or iUe ; 
thus, svmus ejus servi » we are his slaves. 


Verbs* Latin verbs, like English, have two 
voices, Active and Passive; two numbers, 
a ngular and plural ; and three persons in each 
number, thus 1st pers. amo, I love ; 2nd, amas , 
thou lovest ; 3rd, amat, he loves. Note that the 
pronouns ego, tu, etc., are not expressed, but are 
implied by the different personal endings. 


form Ootmmfsoine* 

{ JftMTfce ieemt by heart.] . v 

There are four regular Conjugations : 

On- Pru. 

jugation. Indie. Infinitive. 

Ut A-verbs amo am A -re I km 

2nd E-verbs moneo monE-rs 2 warn 

3rd Consonant rego reG4rs I rule 

or U -verbs induo indU-ire I pul o 

4th I -verbs audio audl-ie I hear 


ActWa Voice. 
Indicative Mood* 


Singular. Plural . 

1st person 2nd 3rd 1 d 2nd 3rd 
Present. 


Am-o 


as at amus 

atis 

ant 

(/ love, or am loving, etc.) 



Mon-eo 

es et emus 

etis 

ent 

(I warn, or am warning , etc.) 



Reg-o 


is it talus 

itis 

unt 

(I rule. 

or. am ruling, etc.) 



Aud-io 


is it imus 

itis 

hint 

(I hear. 

or am hearing , etc.) 





Future Simple. 



AmS- 1 
Mon 8 j 

ibo 

bis bit bimus 

bitis 

bunt 

(/ shall love , or warn , etc.) 


Reg- 
Audi- . 

lam 

os et emus 

etis 

ent 

' (I shall rule , hear , etc.) 



Ama- 

) 

Imperfect. 



Mon8- 

Reg§- 

Audi5- 

>bam 

has bat bam us 

batis 

bant 

J (/ was loving , etc.) 





Perfect. 



Amav- 

Monu* 

h 

isti it imus 

isfcis 

Brunt 

Rox- 

( 



(or Sro) 

Audiv- , 

I (/ have loved , or I loved , etc.) 


Amav-'i 

i 

Future Perfect. 



Monu- | 

Rex- 

Audiv-J 

ero 

eris erit erimus 

eritis 

erint 

| (1 shall have loved , etc.) 



Anmv-'] 

j 

Pluperfect. 



Monu- 

Rex- 

Audiv*J 

►cram 

eras erat eramus 

eratis 

©rant 

| (I had loved, d ?c.) 



Subjunctive Mood. 





Present. 



Am-em 


es et emus 

etis 

ent 

Mon-eam 

eas . eat eamus 

.eatis 

eant 

Reg* am 

as at amus 

atis 

ant 

Aud-iam 

ias iat iamus 

iatis 

iant 

Ama- - 


Imperfect. 



MonS 

rem 

res ret remus 

retis 

rent 

Rege- 
Audi- , 






LATIN 


Singular. Plural. 


Tr- 
ial person 
Amav-] 
Monu- 1 

2nd 3rd 1st 
Perfect. 

2nd 

3rd 

Rex 

Audiv-, 

crim 

eris erit erimus 

eritis 

erint 


Amav- \ 
Monu- I 
Rex 

Audiv- J 


imtem 


Pluperfect. 

itutoH issct isscmus wsetin issent 


Imperative Mood 

Preheat Tense— 

2nd ting. 

Ama (love thou) 

Monfi 

Regci 

Audi 

Future Tense— 

2nd ting. 3rd ting. 
amato amato 

(thou mutt love, Ac. 
m one to * mane to 

regito regita 

audito audi to 


2nd plural. 
Amato (love ye) 
Monote 
Regifce 
Audito 


2nd pi. 
am a tote 


3rd t d. 
am an to 


mono tote monento 
wgitote regunto 
audi to to audi unto 


Infinitive Mood. 

Pres, and Impkep. Perf. and Plupkrf. 


ama- \ ftmav j 

mono Ird monu* lisse 

rage- J (tohwe,Ac.) rex- j (to have loved, Ac.) 

audi- J audiv-J 

Gerund (Verbal Noun;. 

Nom. and Acc. Oen. Dal. and Abl. 
atnand- \ 

monend- 1 : 

ri'gt'nd- um 1 0 

audiend- j 

Participles. 

Present. Future. 

amans. loiing amat urus, a, um 

monens moniturus, a, um 

rogens recturun, a, um 

audiens auditurus, a, um 


Suptnes. 

amatum amatu 

monitum monitu 

rectum rectu 

auditum auditu 

Note. The Gerund and the two Supines are 
verbal nouns or substantives, supplying cases to 
the infinitive : thus, spes regendi (genitive of the 
gerund regendum) « the hope of ruling ; tnirabile 
auditu (at 1. of supine) » wonderful to hear. 

The participles aro verbal adjectives, and are 
declined as such : future participles like bonus, 
present participles like ingens (see next lesson). 

The present, perfect, and supine siems must 
be known in oruer to conjugate a verb ; from 
th ese the other parts of the verb may be formed. 
Therefore it is well to learn what are called the 
Principal Parts of every verb: that is, the 
present infinitive, the perfect indicative, and the 
supine in -tun. Thus of amo the principal parts 
are amort, amatn, amatum. The following table 
will be found useful for reference, showing how 
all the tenses (both active and passive) are de- 
rived from these three principal parte : 


Derivation op tbs Verb Forms. 


From Present Infinitive stem. 

Pres. act. and pass. Infin. pres. a. and p. 
Fut. simple a. and p. Gerund and gerundive 
Imperf. a. and p. Participle pres. act. 

Imperative a. and p. 

From Perfect Stem. 

Perfect active Pluperfeot active 

Fut. perf. active Infin. perf. active 

From Supine stem. 

Supines Perfect pass. 

Fut. part. act. Future perf. pass. 

Fut. infin. pass. Pluperf. pass. 

Perf. part. pass. Pert. Infin. pass. 


Notice that the Imperative Active is formed 
by dropping the re from the Present Infinitive : 
amare, ama ; audire, audi , etc. 

Note also : The Present, Future, and Present 
Perfect (i.e. “ amavi ” translated “ I have loved,” 
not 44 1 loved ”) are called Primary tenses ; the 
Imperfect, Pluperfect, and simple Perfect 
(“ amavi ,” 41 1 loved ”), Historic tenses. 


Section II. SYNTAX. 


Rule 1. If one verb is predicated of two or 
more subjects, it will be in the plural — t.g ., Puer 
el puella eguum amanl — the ooy and the girl 
love the horse. 

Rule 2. If there are two or more subjects 
of different grammatical persons, the verb agrees 
with the first person rather than the second, and 
with the second rather than the third — e.g., Si tu 
el Tullia valetia , ego et Cicero valemut = if you 
and Tullia are well, Cicero and I are well. 
[Note. The Romans put “ I ” first : they said, 
44 ego el Caiut," where we say, 44 Caius * nd I.” 
Therefore when Wolsey wrote 44 Ego et rex meur” 
he was a good scholar, though a poor courtier.] 

Rule 3. When an adjective qualifies nouns 
of different genders, it agrees with the masculine 
rather than with the feminine — e.g., Frater mihi 
(or mens) et soror mortui sunt = my brother and 
RiBter are dead. If the subjects are all lifeless 
things, no matter what their gender, the adjective 
is neuter — e.g., Divitiae et gloria jucunda (neut. 
pi.) sunt = riches and glory are pleasant. 

Sentences to be put into Latin. 


Both ... and-Et ... et 
Wind— Ventus, -i. 

Storm— Procella. 

D ream — Somni tun. 
Experience— Experieutia 
I hope — Spero, -ere. 

Too much— h’imi*. 

Less— Minus. 

I give— Do, dare, d«di,datum. 
I say— Woo, dioere, dixi, 
dictum. 


Therefore— Ergo. 
Money— Peounia 
I show— Monstro, -era 
W lsdom— Sapientia 
Many— Multi (pi.X 
I blame— Culpo, -are. 
Deed— Factum. 

I lead— Duco, duoere. 
Desired— Optatas, -a, -um. 
Haven— Bortua, -0s. 


1. God rules both the winds and the storms. 

2. This thing (omit 44 thing,” and put 44 this ” 

in neuter) is not the same as (ac) that, 
and never (say 44 nor ever,’* usque 
uuquam) will be. 

3. ip (his) dreams he heard himself warning 

fin friends. 

4. Experience warns us not (use ns with 

subjunctive mood, negative of ut) to 
hope too much. 



I. II A* had loved (subjunctive) herself lev, 
she would hm been happy. 

6 . Both jou and I will warn this boy not to 

five (his) books to that poet (say, as in 
No. 4, “ that he may not give, using 
we). 

7. Caesar himself has said it : therefore it is 

true. 

8. Love glory and not money : so (ita) shalt 

thou show true wisdom. 

9. Many of us will blame you on aocount of 

this day’s deeds. 

10. Through waves and storms God leads us 
to the desired haven. 

Key to the Above Sentences. 

1. Deus et ventos et prooellas regit. 

2. Hoe non est idem (neut.) ao illud, neque 

tinquam erit. 

8. In somniis se audivit amicos monentem 
( acc . of present participle, agreeing with 
se). 

4 . Experientia nos monet ne nimis speremus. 

5. Si se (or ipsam) minus amavisset, fuisset 

beata. 

8. Et ego et tu hunc puerum monebimus ne 
libros illi poetae det. 

7. Caesar ipse hoc dixit : ergo verum est. 

8. Ami gloriam, non pecuniam : ita veram 

sapientiam monstrabis. 

9. Multi nostrum te (or vos) ob hujus diei 

facta oulpabimus. 

10. Per undas et prooellas (or proeellasque) 
Deus nos ad optatum portum ( not 
dative) duoit. 

Section III. TRANSLATION. 


Vocabulary. 


tfonumentum,-l— A mow 
meat. 

S uaero, -ere— I iMk. 
Ireumsplelo — I look 
round. 

Regnum— A kingdom, 
■undue, -I— World. 
■Inlster, -r l - flonr s at 
Carte, -are— I rtrtm. 
Alios, -a, -um— Other. 
Laudo, -are— I prate. 
Reelpto, -A r e Iraoeln. 
Visits, -Os— Sight. 


Fldes, -el— Faith. 

Servo, -are— I «ava. 
Bep^ ■jare— I reign. 

Dormlo, -Ire— I »l«wp* 
Ambulo. -are— I walk. 
Seeulum— Generation. 
Venio. -Ire— I come. 
Voluntas -Will (Naming 
tte). 

Stout— A*. 

Caelum— Hearea. 

Terra— Earth. 


U tin 

Sent e nce s to re Translated into English. 

1, Si monumentum queans, oiroumipioe. 

2. Regnum meum non est ex boo mundo : si 

ex hoc mundo asset regnum menm, 
ministri mei certavisaent. 

8. Multi alios laudant, ut ab illis laudentur 
(pres, subj . passive of “ laudo ”). 

4 . Et Jesus dixit ei, Reoipito visum : fldes 

tua te servavit. 

5. Nero post Tiberium, sed ante Vespasian um 

regnavit. 

6. Dormiens ambulabat. 

7. Amavisse non idem est ac amare. 

8. Illi (dot. sing.) sit gloria in seoula secu- 

lorum. 

9. Veniat regnum tuum ; fiat ( =* let be done) 

voluntas tua, sicut in oaelo, ita etiam in 
terra. 

10. Ama hanc puellam, sed mono ilium 
puerum ne stultus ( foolish ) sit. 

Key to the Above Sentences. 

1. If you seek a monument, look around. 

2. My kingdom is not of (literally “ from ”) 

this world ; if my kingdom were of this 
world, my servants would have striven 
(si usually takes subjunctive). 

8. Many men praise others, in order that they 
may be praised by them. 

4 . And Jesus said to him, Receive (thy) 

sight : thy faith has saved thee. 

5. Nero reigned after Tiberius, but before 

Vespasian. 

6. He used to walk (note the fores of the 

imperfect) in his sleep (literally “ sleep- 
ing,” pres. part, of dormio ). 

7. “ To have loved M is not the same (thing) 

as “ to love.” 

8. To him be the glory for generations of 

generations (a frequent use of in 
« during, for). 

9. Let thy kingdom come : let thy will be 

done, as in heaven, so also on earth. 

10. Love this girl, but warn that boy not to 
be foolish (that he may not be ; ne is 
negative of id, which * in order that). 

To he continued 


ENGLISH 

Number. In English there are only two 
numbers. Singular and Plural. A noun is said to 
be Singular when it denotea a single object, and 
Plural when it denotes two or more things of 
the same kind — e.g. t book, books. 

The plural is formed from the singular in 
several ways. 

1. By far the commonest method is to sdd ss 
(Argfo^BAxc n s^^^ssMa|pBh u s^this becomes 


By Gerald K. Hibbert, M.A. 


a. The full syllable es is added only when the 

singular ends in a sound of s — t.e., s sh, 
soft eh, x, z. Examples', churches , foxes , 
lashes (bixt manor chs). 

b. The letters es are also added after several 

words ending in -o ( cargoes, potatoes ), and 
one in -t ( alkalies ) ; but they are not 
sounded as a separate syllable in this or 
the two following cases. (A few words in 
-o simply add •*, as solo, tyro, canto , grotto, 
quark octavo , and aU in Ao and -oo.) 



o. -es if also added alter y preceded by a con- 
sonant, the y being changed to » : body, 
bodies. Qu count* as a consonant : soli- 
loquy , soliloquies. But if a vowel precedes 
the y, - s alone is addod, the y remaining 
unchanged — e.g., chimneys, boys, moneys 
(avoid the spelling monies). 
d, -es is also added to words of Anglo-Saxon 
origin ending in f, fc, and If, preceded by 
any Jong vowel Hound except oo, and the 
f ih changed into r. Examples: life , 
Hites ; calf, calves ; loaf, loaves. But 
nouns in oof, ff, rf , and nouns in / of 
Norman -French origin, take simple -s, and 
retain the sharp sound of the / — c.g., 
chiefs , roofs, skiffs , turfs , reefs. 

Notk : thief, thieves ; staff . staves ; wharf , 
whams ; scarf , scarves. 

All other nouns except those to Ik? immediately 
mentioned add s to the singular — c.g., cats 
(sharp *), dings (flat *). 

2. By adding -en, as ox, oxen ; brother, 
brethren ; child, children (“ children ” is a double 
plural, the old English plural l»eing u ehilder ”) ; 
eye, eyne (Spenser, Shakespeare) ; shoe , shoon ; 
row, kine ; hose, hosev. 

3, By changing the vowel sound of the word, 
as man, men ; f<*>t, feet ; mouse, mice ; tooth, 
teeth. To this head also 1>elong brethren and kine, 
as well as to 2. 

♦« By leuving the singular unchanged — e.g., 
sheep, deer, swim. Cf. also: twenty brace of 
partridges, ten thousand horse (i.c. cavalry), ten 
sail of the line. 


Amends, means, news, pains, wages, are 
strictly plural, but are often used as singular — 
e.g., “ The wages of sin is death ” ; “A means to 
an end ” ; “ To make an amends.” News is 
now' alw'ays singular : “ III news flies apace ” 
(cf. “ These ill newB,” in Shakespeare). 

Small-pox is strictly a plural, from singular 
jmk. 

Plurals of Compound Nouns. In most 
compounds the constituent parts have so com- 
pletely coalesced that there is no difficulty about 
forming the plural in the ordinary way — c.g., 
rain-bow , rain-bows, horse-box, horse -bores. 

But compounds of a noun and an attributive 
word or phrase, in w’hich the parts have not 
coalesced into a single word, add the -s to the 
noun — e.g., courts -martial, knights -err ant, fathers 
in-law . When the compound consists of two 
nouns imperfectly coalesced both take the sign 
of the plural — e.g., knights -template, men-servants . 
lords-li e utenants, lords- justices. 

Plurals of Foreign Words. A number of 
nouns borrowed from foreign languages retain 
their proper plurals. Thus : 

Latin. 

Nouns in a make cc : nebula, nebulnp 
„ vm „ a: erratum, errata 

„ is „ cs: axis, axes 

„ ix (ex) ,. ices: vertex, vertices ; 

appendix, appendices 
„ t£#(maee.) „ t : term nus, termini 
„ us(ncut.) „ era: genus, genera 
„ ies „ ics : series, series 


Douiilk Plukai-s. Some nouns have two 
plurals, differing in meaning. 

Brother Brot hers (by birth) Brethren 

(of a society) 

Die Dies (for stamping) Dice ( for play) 

Penny Pennies Pence (lump sum) 

(sejtaratc coins) 

Index Indexes (of a book) Indices (in A Igebra) 
Pea Peas Pease (collective) 

(sejuiratc seeds) 

Genius Geniusos Genii 

(gifted men ) (spirits, ghosts) 

Cloth Cloths Clothes (garments) 

(kinds of cloth) 

Nouns used only in Singular. Names of 
materials or substances, and of qualities : as 
water, gold, humour . These nouns can, of course, 
take a plural, denoting different sorts of the 
same thing — e*g., mineral waters. 

Nouns used only in Plural. Names of 
instruments or articles of dress made double 
(scissors, trousers) ; portions of the body, diseases, 
games, ceremonies, etc. ( entrails , mumps, 
billiards, matins). 

Nouns in Suspense between Singular and 
Plural Alms (Old English o elmesst), riches 
(French richesse), and eaves (Old English, efese) 
are really singular, though often treated as 
plural— -c.?., 44 Who asked on aims ” ; “ Riches 
finelees [endless] is as poor as winter, To him 
that ever feus he shall ip poor.” 


(•KEEK. 

Nouns in on make a : phenomena, automata 
„ sis „ ses : crises, parentheses 

„ ma „ mata: miasmata 

Miscellaneous. Cherub, cherubim ; seraph, 
seraphim ; beau, beaux ; madame, mesdames ; 
bandit, banditti ; virtuoso, virtuosi. 

Case. Cases are the different forms which a 
Noun or Pronoun assumes“to denote its relation 
to other words in a sentence. In Modem 
English we have three cases. Nominative. 
Possessit'e, Objective. 

In Anglo-Saxon there were five cases, as in 
Latin — Nominative, Genitive, Dative, Accusative 
and Instrumental (or Ablative). The last was 
retained only in pronouns and dropped in nouns ; 
the Dative gradually came to be used for the 
Accusative as well as for itself, and was called 
the Objective. The Possessive represents the 
old Genitive. 

The Nominative is the case of the Subject of 
the sentence, and denotes the person or thing 
about which we are speaking. It answers the 
question Who ? or What f — e.g., “ Time flies.” 
When the Nominative names the person spoken 
to, rather than of, it is called the Nominative of 
Address, or sometimes the Vocative (toco — I 
call) — e.g., “ Son, go work in my vineyard.” 

The Possessive is the Case by which we show 
that something belongs to the person or thins 
for which it stands— e.g., 44 Joseph's brethren/ 
It is the only case in nouns in which a case 
suffix is now used. The Possessive Case in thi 



singular, and in (hose forms of the plural not 
ending in s, is formed by adding ’« to the nomina- 
tive case — e.g., “ Women’s rights.” But when 
the plural ends in s, the possessive is indicated 
in writing by putting the apostrophe after the «, 
as 44 boys' clothes.” 

Note. The use of the apostrophe is modem. 
The old Possessive suffix was es (seen in Wednes- 
day — i.e., Wodenes day), and the apostrophe 
shows that the e has been dropped. The ’a is not 
an abbreviation of his : so 41 For Jesus Christ His 
sake ” is incorrect. 

The simple apostrophe is sometimes used with 
singular nouns that end in an s sound — e.g ., for 
justice’ sake ; for righteousness’ sake. Ihis is 
admissible, but we must write 44 Chambers’s 
Journal,” not 44 Chambers* Journal,” for we do 
not omit the '# in speaking. 

In the case of a complex name, the possessive 
suffix is attached only to the last word of tho 
name — e.g., 44 The Prince of Wales’s carriage *’ ; 

44 With Mr. and Mrs. Brown’s compliments.” 

The Objective Case is that form of a noun (or 
pronoun) which denotes that the noun or pro- 
noun stands for the object of the action indicated 
in some verb in the active voice, or which 
comes after a preposition. A noun is therefore 
in the Objective Case when it is the object of a 
verb or is governed by a preposition. Tho 
Objective Case answers the question 44 Whom ? 
What ? ” In Nouns the Objective Case is the 
same in form as the Nominative ; usually, there- 
fore, we distinguish the two by their position 
in the sentence, the Nominative coming before 
the verb, and the Objective after — e.g., 44 Manners 
(nom.) maketh man (obj.) ” ; 44 Daniel (nom.) 
was in the den (obj. after in) of lions.” 

The Objective, besides representing the Latin 
accusative (direct object, as above), also repre- 
sents the Latin dative (indirect object, to or for) 
— e.g., “Toll me the old, old story,” where me is 
indirect and story direct object ; 44 Saddle me 
the ass ” ; “He answered him never a word ** ; 

44 He plucked me (for me) ope his doublet *’ ; 

44 Knock me (for me) at this gate.” 

Syntax of the Noun. The Syntax of 
the noun deals with the manner in which a noun 
is rela.ed to the other words in a sentence. 

Nominative Case. 

1. Complementary Nominative. The verbs to 

be, to become . and Passive verbs of naming, 
making , appointing, deeming , &c., take a 
nom native after them as well as before : 

44 Is it / f ” ; 44 John the Baptist is called 
the Elijah of the New Testament.” In 
colloquial language we say, 44 It’s me,” 

44 That’s him,” but such expressions are 
incorrect. 

2. Nominative Absolute (corresponding to 

Ablative Absolute in Latin, and Genitive 
Absolute in Greek). The Nominative may 
be used with a Participle, forming with it 
a clause grammatically independent of the 
rest of the sentence, i.e. an absolute clause 
—e.g., 44 They pressed on into ihe heart of 
the mountains, the scenery becoming more 
ani more sombre at evtry step.” Hiis 


*KOU*M 

•entenoe is complete grammatically, even 
if we omit the words in italics. Similarly, 
in 44 Paradise Regained : ” 

44 And when to all his angels he proposed 
To draw the proud king Ah&b into fraud. 
That he might fall in Ramoth, they 
demurring , 

I undertook that office.” 

The participle is sometimes omitted : 
44 Yet ho himself, time to himself best 
known, Remembering Abraham, etc.” 
(•* Paradise Regained ”), whore 44 being *’ 
is omitted before 44 best known.” 

Possessive Case. This is raroly used except 
where tho Noun denotes a living thing : in such 
expressions as 44 the cannon’s mouth,” 44 the 
Church’s one foundation,” tho objects are per- 
sonified. Traces of the old genitive oase (which 
the Possessive replaeed) art* seen in 44 a month’s 
notice, “ “ a day’s wages,” 44 at thoir wit’s ond.” 

In familiar language tho Possessive is often 
used alone, without the noun on which it de- 
pends : as 44 St. Paul’s ” (Cathedral), 44 Prince’s ” 
(Restaurant), 44 a poem of Tennyson’s.” 

Objective Case. 

1. Tho Objective usually follows the verb, but 

when it differs in form from the Nomina- 
tive it may stand before the verb, without 
causing any ambiguity : as 44 He saved 
others : himself he cannot save.” 

2. Verbs of making , appointing, calling , think- 

ing take a Complementary Object in addi- 
tion to tho direct object : as, “ They 
hailed him (direct) father (eompl. obj.) 
of a line of kings.” 

3. The verbs ask, teach, forgive , banish, etc., 

often take a second Objective — e.g., “ We 
banish you our territories ” ; “I ask you 
pardon.” These verbs can take an 
Objective even in the Passive Voice : 44 He 
was denied his rights.” 

4. The Cognate Objective, or Objective of 

kindred meaning, is used after many 
intransitive verbs : 44 1 have fought the 
good fight ” ; 44 He laughed his great 
laugh.” There is, of course, here a transi- 
tive force in the verb. 

5. The Objective is used after intransitive 

verbs and after adjectives to denote 
extent, duration, age, value : as 44 The 
plain stretched miles in each direction.” 

6. The objective is usod after certain old 

Impersonal Verbs, when it is the virtual, 
though not the grammatical subject— e.g., 

44 It repenteth me that I have set up 
Saul to be king ” ( * I repent). 

Apposition. When two or more nouns are 
used together, as names of the same thing, 
they are said to be in Apposition ; they are 
always of the same case. “ So hand in hand 
they passed, the loveliest pair ” (nominative). ; 

“ We nave found him of whom Moses . . . did 
write, Jesus of Nazareth ” (objective). 

Sometimes a Noun stands in apposition to a 
whole sentenoe: “They dragged her away 
shrieking* a sight to move the hardest heart.” 
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CORRECT THE FOLLOWING SENTENCES t 
1. The boy stood on the burning deck, 
Whence all but he had fled. 

2* Whom do men nay that I am ? 

8. This injury has been done me by my friend, 
he whom I treated like a brother. 


4 . Oh, a cherubim thou wast that did preserve 

me. 

5. Where nothing save the waves and I 
Shall hear our mutual murmurs sweep. 

To be continued 


GERMAN By P. G. Konody and Dr. Oaten 


THE German and English languages are con- 

1 nected by descent. The English is derived 
from the Old Saxon, one of the branches of the 
ancient Teutonic languages. 

But historical influences, principally the influx 
of Latin elements duo to the Norman Conquest, 
and the self-acting processes of natural develop- 
ment, have extensively altered the English lan- 
guage. By suppressions, insertions, inflections 
and manifold other alterations, phonetic and 
structural, the English language has performed 
her individualisation. The two languages reveal 
at present only superficial affinities, and differ 
fundamentally in the pronunciation, as well as 
in the rules of transformation, in tho different 
categories of words which, according to the 
modifications of quantity, gender, and tense, 
have to be produced. 

One of tho most remarkable differences may 
1x5 noticed in tho intensity of sound needed for 
forming Gorman and English words. German 
sounds far louder than English, as may be easily 
perceived by anybody frequenting some German 
assembly. This phenomenon is due to the fact 
that the German produces his words in the 
middle and at tho back of his mouth, whilst 
English words aro produced in the front. The 
difference is, of course, due to the nature of the 
sounds themselves, which in German comprise 
gut turals and compounds unknown in English. 

Tho principal objects the English student of 
German ought to keep in view at the beginning 
aro the careful study of the pronunciation, and 
the regular and constant enlargement of his stock 
of German words. The Gorman language contains 
an enormous number of words, and the perfect 
command of a certain amount of vocables, 
gradually extended according to the general 
progress, seems indispensable. 

As regards the German pronunciation, the 
student should not be discouraged by the initial 
difficulties, which consist mainly in producing 
sounds which have no equivalent in English. 
Once ho has mastered these sounds, all will be 
plain sailing, as every letter has praotically only 
one pronunciation, and every written or printed 
letter is clearly sounded. Such variations in the 
pronunciation of the same letters in English, as 
tho a in ball, have, far, dance ; or the ough in 
rough, plough, cough, dough, thorough, and 
through, could never occur in German. The 
student should make it a point from the very 
beginning to practise the clear, clean pronun- 
ciation of the German vowels, which must be 
conoeived as strictly isolated sounds, while in 
English they are frequently toned down, a very 
•light jr being sounded after the a, or a a after 
the* 

Ml 


To each explanation in the following chapters 
the necessary instances are given of selected 
vocables, which must be learnt by heart and 
recapitulated daily. Moreover, the student will 
find abundant practice in translations from one 
language into the other. The length of the 
vowels, and the stre&s which has to be laid on 
decisive syllables, or words, in compounds, are 
indicated by separate signs. The principal rules 
must, of course, be thoroughly remembered, as 
well as the main features of the numerous excep- 
tions, of which the complete command can only 
be acquired by practical experience. 

An examination paper, with a key, will be 
given at the end of each lesson. 

Pronunciation. 

Signs used for indicating the pronunciation : 
Long, - ; short, " ; very short, ° ; stress, ' ; 
division of syllables and of compound words, 
The Printed Letters (Types). — The German 
types are cut in the characteristic Gothic style, 
and differ from the Latin types used in the 
English language by their pointed shape, but 
the difference is in some cases very slight. 
The following small letters can be easily 
recognised by their close similarity with their 
Latin equivalents : 

Latin types : b, c, c, g, i, j, 1, m, n, o, p, q, r, s, 
German types : fc, c, e, ft, i, j, 1, m, it, c, q, r, 
Latin types : t, u, w, y ; 

German tyj es: t, u, tr, W. 

The other letters of the Rmall alphabet appear 
somewhat differently shaped : 

Latin types : a, d, f, h, k, s, v, x, z ; 

German types : a, h, f, I), f, f, r, r, 

The capitals show essentially distinctive forms, 
except those of rotund character — D, O, Q, U. 
Latin Capitals : A, B, C, D, E, F, G, H, I, 
German Capitals : 91, 93, (J, 5\ (£, 5, ®, $, 3, 
Latin Capitals : J, K, L, M, N, O, P, Q, R, 
German Capitals: 3, 2, 9N, 91, D, 9, C, 

Latin Capitals ; S, T, U, V, W, X, Y, Z ; 
German Capitals : <5, X, It, SB, 9®, X , 9, 3. 

The letters of German handwriting differ 
greatly from the printed Gothic types ; but 
though a knowledge of them will be found dis- 
tinctly useful, it is not absolutely essential, as 
everybody in Germany is able to read Latin 
characters, which are now frequently used in 
writing. It will therefore only be necessary for 
the student to be able to rtod, not to write 
German handwriting. Even in printing, the use 
of Latin type is spreading more and mors in 
Germany, especially in works of science yn«i in 
the eoonomio pert of n e w spa pers. 



Beware ol contotmding the following vfcrjr 
similar letters : 

b and $ ; c and e ; f and f ; n and u ; c and * ; 
r and r ; *8 and 91 ; 91 and 99 ; fflf and 99. 


The Alphabet or German Handwriting. 
Small Letters : 



/ 


J 


/ 

7, 

/ 


/ 

J 

J 



*** 

r 

7 

- 


y 

Capital Letters : 

~ £ 

7 

7 

a 


jr 


/ 


y 

f 

l 

? 



/7/t 






/T 




y 


To facilitate the knowledge of German type, 
some of the following explanations in English 
are partly printed in German type. 


The German Alphabet. 

Each of tfye German vowels has but one pro- 
nunciation, varying only in length. Thus the 


German ft, a* if always pronounced a* in father, 
though in certain words the sound is shorter. It 
varies in quantity, but not in qualify. The same 
rule is to be observed nrity t$ c ettyer simple vowels 
— «. it c, u. 

The fimple consonants are on the w^ole pro* 
nounoed as in English, ercept the c (like to in 
bite) ; the <§J, $ (like g in go) ; the iK, r, which is 
more rattling tfyan iu English ; the 91, o (generally 
life F , /) ; the 99, W (like the English V, v) ; ant 
tbf 3, J (like to in 6»to). The a is pronounced 
sharp or soft, according to its position in tootb. 

The simple vowels a, o, and u are subject to 
modification, this mebifuation being inbicatcb bn " 
above the vowel — a, o, u. Letters thus marked 
are pronounced biffmntfy, anb are generally ufeb 
to erprejj fyange* in fye number, tense, degree, 
and volume (diminutives) of different clafft* of 
werb*. 

The double vowels (with f Crt ' crceptionS) anb tf>r 
bouble confonants are pronounced as if they 
were simple, only the former long, the latter 
sharper. bcubling fyf confonant tfye pttcebing 

newel become^ fljcrt. 

3n (German all letter* are prenouneeb, except the 
e after i, and the after any vowel at the end 
of a word, or between a vowel and a consonant. 
In such oases the e and h are not to be considered, 
strictly Bpeaking, as letters, but imrefy as signs to 
indicate the lengthening of the preccbing newel. 
Another case where the h w not pronounced is 
after t, in fufy werb* a* Tljril (part), which is 

S ronounced “ tile ” ; but the practice of intro- 
ucing it in fyi* pefition i* being grabualfy abanboneb, 
fo that in all mobcm boof* the werb i* fpelt 5>il. 

The exact pronunciation of the whole alphabet, 
the principal rules, exceptions, and examples, 
will be found in the following tables, which the 
student is emphatically advised to read re- 
peatedly, until he has completely mastered them. 


TABLE I. 


Latin. 

German 

Print. 

German 

Name. 

Pronunciation. 

A a 

<a a 

Ah 

As a in father . 

B b 

» b 

Bch 

Bay* 

C c 

a c 

Tseh 

Tsay.* 

D d 

2) fc 

mh 

Day.* 

E e 

( S e 

Eh 

Like the a in fate. 

F f 

5 f 

£ff 

As in effort . 

G S 

© 9 

Gch 

Gay.* 

H h 

$ 

Hah 

The h aspirated, the a 
as in father 

I i 

3 i 

ES 

As in bee. 

J j 

3 { 

Y»V 

As y in yacht (shorter). 

K k 

& t 

Kih 

The a as in father. 

L 1 

t l 

£u 

No difference. 

M m 

3tt m 

£m 

No difference. 


Latin. 

German 

Print. 

German 

Name. 

Pronunciation. 

N 

n 

91 

n 

En 

No difference. 

0 

0 

O 

0 

oh 

As in short. 

P 

P 

v 

V 

Peh 

Pay.* 

Q 

q 

Ci 

q 

KvSh 

Kvay or Koo. 





orKoo 

R 

r 

SR 

r 

Err 

As in berry. 

S 

8 

« f w 

Ess 

No difference. 

T 

t 

s 

t 

T€h 

Tay.* 

U 

U 

u 

u 

Oo 

As in boot. 

V 

V 

93 

» 

Fow 

Ow as in gown. 

W 

w 

SB 

n? 

Vch 

Yay.* 

X 

X 

X 

X 

^ kl L 

Like ix in six. 

Y 

y 

9 

* 

Ypseeldn 

Y like i pronounced with 
rounaed lips. 

Z 

Z i 

3 

l 

Tsfit 

Ts as in nets. 


* Remember to pronounce the vowel clearly, without Krandiug the slight j, which Is merely used In the phonetic 
spelling as the nearest approach to the actual sound. t The form I is onlv used at the end of the syllable or word. 
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cnmam TABLE n. 

Signs. Abort letter* ra4 tylUble* * when long ; ' when tbort; • when eery abort ; ' (tree*. 


Letters. 

! German 
Name. 

German word. 

Pronunciation. 

Translation 
into English. 

Rales and Exceptions. 



GJabe 

Gab* 

gift 

The German A a is always 

A ft 

Ab 

Wall 

Bull 

ball 

pronounced as in the Eng- 

% a 

*&anb 

Hint 

hand 

list father and arm, only 
sometimes long or short. 

n b 


<Pall 

B211 

ball 

Beh sounds like the English 

Bril 

Gruber 

Brooder 

brother 

b ; at the end of words and 

$ b 

(Mrab 

Grap 

grave 

prefixes like a mild p. 

C c 


Giber 

Tanydor 

cedar 

The words beginning with tseh 

Tst-h 

Gaio 

Kfihtfl 

Cato 

are of foreign origin ; pro- 
nounce like ts before e or i, 
like k before all other letters. 

G c 

(?!,#• 

Kl&ssS 

olass 

D d 

S' b 



uro 

thou 

At the end of words like a 

Dflb 

lorn 

fl aa in short 

thorn 

mild t. 


©anb 

Bant 

ribbon 




GtMlaub 

•A. 

AynglSnt 

England 

When short like e in hat. 

J*i C 

Eh 

G Miarb 

Avdooart 

Edward 

When long like a in fate . . 

G e 


Vcbnt 

Luybfoi 

life 


y { 

Tiff 

fteber 

Eaydur 

feather, pen 

The sound of f is identical in 

9 f 

N<V 

Fish 

fish 

both languages. 

<5 ff 


(Marten 

GArtfln 

gardon 

Always like the g in go; ex- 
cept at end of words — like 

Gob 

(Me ben 

Gay ben 

give 

OJ 0 

(Swig 

Ayvfleeh ( like 

eternal 

but less gutturoL 




ch in loch) 



TT k 


.&cr* 

Iluirts 

heart 

As in English, but before con- 

Hub 

Jfrc bl 

Ilohl 

hollow 

sonants and at the end of 

4> 

<£troty 

Shtioh 

straw 

words mute, to indicate the 
long sound of the preceding 
vowel. 



I i 


3cb 

Koch (softer 

I 

I like i in bill when short, or 

Eo 

than ch in 


like ee in bee when long; 

3 X 

3t]el 

1 loch) 


never like i in mine . 



Eogl 

hedge-hog 


•1 j 

3 j 


3a 

Yah 

yes 

J always like y in yacht ; 

Y6t 

3eber 

Yaydflr 

every 

never like the j in English 


3ocb 

Yueh (like ch 
in loch) 

yoke 

ja*l t jaw, etc. 

K k 


,<?nic 

v K-noe 

knee 

K always sounds as in "king ; 

Kuh 

j 

dtabn 

Kan 

boat 

is never mute as in knee. 

# f 


Keershi 

cherry 

knowledge , etc. 

L 1 

i 

A.» 

*?anb 

Lant 

land 

L as in* English, but always 

** l 

1 Ell 

•Rtaqe 

KlagS 

complaint 

sounded; it is never mule 


&aa 

Fall 

fall 

in German as in half. 


• Now generally spelt JSlajf;. 


sso 







TABLE XI.— — c&rUhmH 


Stgns. Above letters and syllables ” when long; ^ when short; ° when very short; * stress. 


Letters. 

German 

Is a me. 

German word. 

Pronunciation. 

Translation 
into English. 

Rules and Exceptions. 

M m 
aw m 

Em 

aWann 

SWagen 

aWunb 

Mann 

Mughen 

Moonfc 

man 

stomach 

mouth 

As in English. 

U as in pull. 

N n 
ai n 

£n 

Starr 
lit aim* 

Naghel 

Nurr 

Name 

nail 

foil 

name 

As in English. 

O u 

c o 

Oh 

Otir 

•Cvl; 

Ohr 

Holts 

oar 

wood 

As in stone when long, und in 
ptt when short. 

V ,, 

'i< V 

PPh 

s 4$clitif 

Pelts 

Pollytiiek 

fur 

politics 

As in English. 

0 q 

C. q 

Kvf h, or 
Koo 

Dual 

Ctuahrat 

Kvfil 

Kvadnit 

pain, torment 
square 

Q is always followed by u. 

li r 
:)i v 

Err 

ffiabe 

Welle 

'£crr 

KfibS 

Kollo 

H&yrr 

raven 

roll 

Mister, Sir 

More rutlling and better 
’audible than the English r, 
especially the double rr. 

S S 

3 0 f 

Ess 

Mlofe 

Wrafc 

Zalts 

Kn/.e 

Gras 

salt 

rose 

grass 

Before vowels like tho English 
'/> ; at tho end of sy llahles und 
before consonants sharp, as 
in slave. 

T t 

X t 

Teh 

i 

$‘ag 

iWation 

Tacli (as in loch) 
u as in boot 
Nuts ion 

day 

hat 

nation 

Before the termination ion 
derived from the Latin, the 
t is pronounced ts. 

U u 

11 u 

Oo 

llbr 

S?ucb 
aw utter 

uh as in boot 
cli as in loch 
Mfltt&r 

c lock, watch 

book 

mother 

Like o in move when long, 
and oo in book when short. 

V V 
\L< v 

Fow 

plater 
'I'Clt 
miff ft ion 

Fa liter 

Ff>lk 

VMsfiktMfm 

father 

people 

vivisection 

Like the English f, except in 
words of Lutin origin, where 
the v sounds as in English. 

W w 
SB n? 

Vfih 

3Bitte 

sBeroegung 

Ville 

Biiyvaygoong 

will 

movement 

Like the English v; never 
like w in will , well t etc. 

X x 

A' x 

Iks 

airt 

lert 

Akst 

Tekst 

axe 

text 

As in English. 

Y y 
i» 5 

Ypseelon 

?9adu 

i 9Wart!>rium 
2W$ftif 

(ch as in loch) 
M&rteereeoom 
Mis-tik 

yacht, pinnace 

martyrdom 

mysticism 

Before a, o and u as in Eng- 
lish ; in all other cases like e. 

Z z 

3 

Ts6t 

3orn 

Xani 

Ts5m 

Tants 

anger, wrath 
dance 

Like ts in fea1s t sheets , etc., 
always sharp. 




h'l 


y TABLE 'HI. .■ 

Ahcws lettecs and syllables - when long ; v when abort ; • when very*h^j^ st&ss, 

» ■" i _ i "' '. ““ .v ; r 51 7‘jj' y '»" 


'■,,14 


Uo o mmt VentM. 


9 a 


U n 


Modified 

9 4 

0 ft 


German word. 


0 ft 


Dl I’HTHONGS. 

Letter*. Jcompound 


a 


*u#K$ 

Sift 

Uf t 

£>l 

Zdtpct 

m#t 

WtulltT 

driin 

mu 


a » 

a u 

C i 
e i 


<* u 

f u 

a ii 
d u 


ai 

ai 


au 

an 

OPi 

fi 


(v-u 

ru 


au 

du 


DotTHt.K VoWKI«8. 

aa 

aa 


oo 


<?aite 
QBaife 
^ai 

a*i^f 
$au$ 
tirau 

Qi 
reify 
verjei^n 

I me 

I £rcue 
I *&eu 

^rdute 

tranter 

®rduel 

$aar 

<l*«ar 

Saat 

2>ter 

<Sce 

Store 

£oo$ 

'3oot 
3W cor 

ttinitreit 


Pronunciation 


Ur6 

dngstifiech 

KSazi 

bSzi 

5 1 

Tdlpel 

M&li 

MUller 

grin 

Bibb 


Zltb 

Vfze 

Hr 

g as in go 
Hows 


ch as in loch 
ferfcsijihen 

Oilo 

Troi-d 

Hoy 

BroitA 

Kroiter 

Groi-el 


Zaafc 

Mayr 

Zay 

BayrC 

Lohs 

Boht 

Mohr 

Leeneeeeren 


English 
Translation. 


ear of corn 

anxious 

cheese 

bad, angry 
oil 

dunce, block- 
head 

mill 
miller 
green 
turnip 


string 

orphan 

shark 




^ fe T {?%; ' 

When short are In 
when long like ai In lair. 


Almost like the i in girl when 
long ; and like e in tell, with 
rounded lips, when short. 


As the French u long. 
As the French u short. 



Like the i in kind . 


I lot, allotment 
| boat 
I moor 

| to draw lines 
on, to rule 


Like ow in cow , gown , etc. 


Like the i in kind. 


Like oi in oil. 


Like oil in oil. 


! Double vowels sound like the 
simple vowels, but (are 
always pronounced long. 
When a prefix ending with 
an e or o precedes a word 
beginning with an e or o 
the two vowels must be 
pronounced separately, as 
in bf-dnttd^tiicn, boeinffufj.u, 
cr*m ina icn, ro»p|>.*raitss, etc. 


Very rare form. These vowels 
are always pronounced separ- 
a *f?y* Tne long i-sound, 
which would correspond to 
the aa, ee, oo, is expressed 
by ie. 
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TABUS IV. 

A bovs letosw an d syllables " when long; * whoa short; *whea very short; * strew. 


COXfOBSD 

CONSONANTS. 

German word. 

Pronunciation. 

msm 

Bttfei and Notes. 



! 




« t 

• c 9 

«$ 

* 

r- ■ * — ■» g 

flll#5l 

Bach* 

ch at in lock 
(see Notes) 

eh like k 
eh like sh 

vengeanoe 

magnifioent 

custom 

obemistry 

China 

Christian 

ohampagne 

eh sounds as in the Scotch 
loch; alter the vowels e 
and i and the diphthong el it 
has a milder sound, also in 
some words of foreign origin ; 
in other words it is pro- 
nounoed like k; in some 
words, derived from the 
Frenon, like sh. 

C $ 8 

4)8 

8ad)8 

©ed)8 

L&ks 

ZSks 

salmon 

six 

ohs sounds like x, ezoept in 
oases in whiok oh and s are 
put together by declension, 
etc. 

e t 

d 

ffadel 

mwf 

Fikkffl 

BSok 

torch 

coat 

Like a sharp and short k, used 
instead of kk. 

35 f 
* f 

3Jf 

Pf 

Stopf 

SPfrunbe 

KCpf 

Pfriinde 

head 

prebend 

In pf both consonants must 
be audible, though pro- 
nounced together. 

35 $ 

5> 9 

m 

Pfe 

35fjantom 

35^ilifler 

Phant6m 

Phllfster 

phantom 

Philistine 

Like f, as in English words of 
Greek origin. 

35 f 

P 8 

9 f 

35f 

P8 

Pf 

gjfalm 

ps as in caps 
Glps 

PBalm 

plaster 

The p, s and 1 well audible. 

© c fj 
f e l? 


©cfyaf 

Safdje 

Sch&f 

Tashe 

sheep 

pocket 

Like the English sh in shave. 

© P 

1*8 p 

©P 

fP (8P) 

Splitter, 
Sprung 
jTnofpe, <£fpe 

Sbpass 
Shplitter 
Shprung 
K-nosp£, £ppe 

joke, fun 

splinter 

leap 

bud, asp 

When followed by consonants 
l,r, or vowels, like ahp; when 
preceded by a vowel or 
between two vowels, like sp 
in crisp, hospital. 

ff fa 

ff 9 
p=fa 

STCaffe 

fprafi, 

pafft 

Very sharp as 
in gossip and 
Bhort a 

| Sounds like s 
< in sense and 
( short a 

mass, bulk 

pale 

(it) suits 

ss between two vowels of 
which the first is short ; sz 
at the end of somo words, 
ss changes into sz in conjuga- 
tion forma of verba. 

© t 

f t 

0t 

ft 

Stod 

SKafl 

JJurji, Dbft 

Shtflck 

Mast 

stick, cane 
mast 

prince, fruits 

When followed by vowels, like 
sbt. When preceded by 
vowels, like st. When pre- 
ceded and followed by vowels, 
like st. When preceded and 
followed by consonants r, b, 
like st. 

* * 

* 9 

*fj 

Shat 

ratten 

Tat 

Eatben 

deed, action 
(to) advise | 

Always like t; never like the 
English th. 

* a 
» a 

** 

?=« 

©efefc 

Za$t 

G&yzets 

Tatse 

law 

claw, paw 

Sharper than ts in sheets . 

Used instead of zz. 

Double Consonants.! 

ff, <f (ff), 0, mm, 1 
nn» PP, nr, ff, tt, 
(35)- 

Wflftr £6«e 
Jtamm, dWann 
Otippe, Sttart 
<£ffen, SUttt 

i 

monkey, hell 
comb, man 
rib, fool 
(to) eat, chain 

The double consonants short 
and sharp. 
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Beware of pronouncing : 

91, a any other way than in father (though the 
sound is at times shorter) ; 

<5, c any other way than to in hats (except before 
a, o, and ti, when it is pronounced like 
a ?, by which it is now generally 
replaced) ; 

<41, any other way than in go ; 

3, i any other way than in bit (short) and bee 
(long) ; 

Tl), any other way than t ; 

SB, D anv other way than F t f (except in words of 
Latin origin) ; 

95, id any other way than V, v ; 

3, 4 any other way* than to in bits. 

Beware of suppressing, in the pronunciation of 
words, the letters f, 1. and n\ which arc some- 
times mute in English {knowledge % folk , who). 
Muto in German are only the f? and c, when used 
as a means of lengthening the syllable. 

Lesson I. 

1. How do you pronounce the German 3. t ? 

2. What is the difference between the English 

and the German pronunciation of the th ? 

3. How is the German ft pronounced at the 

beginning and at the end of a word ? 

4. Which general rule decides the pronun- 

ciation of German vowels ? 
i*5. Is the pronunciat ion of the r alike in German 
and English ? 

0. In how many ways can the German a he 
pronounced ? 

7. Is there a similar sound to the German com- 

pound ch in the English language ? 

8. How is the' German a influenced by the pre- 

ceding vowels or consonants ? Does the 
sound of the German & differ Recording 
to t lie position of the letter at the end or 
in the middle of syllables or words ? 

9. To which English sounds docs the German c 

and n l»ear resomblance ? 

10. Is it permissible to pronounce German words 

containing a tv as it is done in well* tW/7, etc. 

11. To which letter in the English alphabet does 

the Gorman d correspond ? 

)2. Which German letters are sometimes mute, 
and what purpose do they serve ? 

13. How is the sound of the German u pro- 

duced ? 

14. With which English letter does the pronun- 

ciation of the German o correspond, and 
in which word is the English letter thus 
pronoimeed ? 

15. How many classes of vowels does the German 

language contain ? 


16. Are the compound consonant® always pro- 

nounced in the same way ? 

17. Which is the pronunciation of the compound 

consonant fv, when followed by a con- 
sonant ? 

18. Is there any difference between the pro- 

nunciation of the English / and the 
German ? 

19. Does the German compound consonant <ft 

always keep its pronunciation, or is it 
subject to alterations ? 

20. Which is the pronunciation of the German (ft 

when followed by tf and when preceded 
by f ? 

Examples op Lesson I. 

1. BilD, picture ; 3nfrf, isle ; Winter, winter. 

2. Xfyff, tea ; Shron, throne ; 2 burnt, tower. 

3. Battf, bench, bank ; Bt'M, bible ; $roft, 

coarse, rude. 

4. 9Vattn, man ; Biagcn, stomach ; 99df, 

world ; $cften, (to) give ; Gfcf, donkey ; 
Vivve. lip »* Bica, victory ; tvir, we ; (Moff, 
God ; Bote, messenger’; fur$, short ; cpit, 
good. 

5. ring ; (jart, hard ; fjurrifl, quick ; 
Trommel, drum. 

6. Bialer, painter ; Wafl, mast. 

7. Vcds hole ; laeften, to laugh. 

8. (Same, sun ; Bcfifc, property ; (Mam*, goose. 

9. G a vital, capital ; Gutme, lemon ; Glacier, 

piano, 

10. 99tuvn. carriage ; 9}Mf, wolf ; loir, we. 

11. Betid'er, violet; Bflucbrtuig, contempt; 

'Betti il, valve. 

12. 9Jitt turn, cousin ; i*trk, love. 

13. .Kiibo. cows ; 1 Imre, door. 

14. .froi iter, horns ; .$>ellc, hell ; Jtotmt, king. 

15. V5ant, land ; Berfl, mountain ; 35ilt, game ; 

Jfoble, coal ; Biunt, mouth ; 'Bar, bear ; 
(Met off, noise, din ; Turfe, Turk ; Vaib, 
loaf ; lljau, dew ; Gi$, ice ; nett, new ; 
fatter, cutter, miner ; 9lal, eel ; (Svecr, 
s| ear ; Boot, boat. 

16. 8tarf, strong; Cftft, fruit; 91 ft, branch; 

.'porft, eyrie, thicket ; (Mcftalt, figure. 

17. 0pta(ftf, language; Svrifce, syringe; frleiftett, 

to split, to cleave. 

18. chase, hunting ; jammer, lamentation ; 
bejafyrt, aged. 

1 9. Trad'f, dragon ; ftaefter, fan ; Oiacftricftf. 

intelligence, report, news ; Crefteftcr, 
orchestra ; Gftff, chief ; Gftcr, chorus, 
choir ; Gtu'felaftf, chocolate. 

20. ftucftC, fox ; Cd>*, ox ; Sacftfe, Saxon ; 

Biifd'timj, mixture ; 99afd>e, washing. 

To be continued 


Note. A second lesson of the French Course appears in Part 3 of the Self- Educator 
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THE SOIL AND ITS CULTIVATION 

Soils ; their Constitution and Values. How to Understand 
Them. Their Fertility. Treatment of Bad Soil 


By Professor JAMES LONG 


IF it were possible to remove the surfaco 
and subsoil of a field perfectly, we should 
probably expose the rocks from which both havo 
been produced. Both soil and subsoil are prac- 
tically formed by the weathering and disintegra- 
tion of the rocky surface of the earth. It is 
true that much cultivated soil owes its presence 
to glacial aotion or to the fact that it has been 
deposited by water, and this especially marks 
the fertile alluvial soils (soils which have collected 
by the action of running water), which are so 
frequently found in valleys and adjacent to 
rivers. The cul ivated soil of to-day is, however, 
some'hing more than pulverised rock. It con- 
tains humus — decomposed vegetable matter — 
which is largely the result of lhe work of man. 
The decayed roots of plants and farm manure 
all assist in the accumulation of humus, the 
value of which it is difficult to overestimate. 

Depth of Soil. A soil may vary from 
3 inches, especially on chalky downs, to 14 or 
even 15 inches in depth. Were it possible for 
the plough to do its work st ill further below 
the surface, the depth might be increased, and 
with great advantage. On many farms, however, 
the plough has never penetrated more than 
10 ins., with the result that what is termed a hard 
“pan” is formed, through which plant roots 
penetrate and water percolates with difficulty. 
The decomposition of the subsoil, as of rock, 
depends upon the action of air, water, and heat. 
If we take a piece of hard tenacious clay or 
a lump of chalk, and expose it to the action 
of frost, we find after a thaw that it has 
been reduced to powder. Similarly, during 
summer, clay and o.her heavy soils laid up in 
ridges by the plough, dried by the sun, and wetted 
by rain, are so weathered that they break up, 
if not equally as fine, yet to the great benefit of 
the farmer. So it is in minor degree with the 
rock substances beneath ; hence, the importance 
of deep cultivation, as of trenching or double 
digging in the garden, the surfaoe soil being 
always kept at the top, and hence, too, the service 
rendered to man by the earth worms in con- 
structing channels in all directions, and thus 
enabling air and water to find their way below. 

The Perfect Soil. A perfect soil is one 
which consists of nearly equal quantities by 
volume of clay soil, sandy soil, chalky or cal- 
careous soil, and vegetable soil rich in humus, 
and which is composed of finely divided particles. 
A good soil contains from 50 to 00 per cent, of 
sand ; from 25 to 30 per cent, of clay ; with pul- 
verised limestone or chalk, and humus, each 
about 7 to 10 percent. ; sand, clay, and humus, 
usually represent about 90 per cent, of an average 
fertile soil. The soil contains both soluble and 


insoluble materials. The solublo portions are 
those of which plants make use in building up 
their structure ; portions of the soluble matter 
are, however, oommonly lost by drainage, and 
here wo soo the important part which is played 
by water, which is a largo constituent of all 
soils, varying in quantity w'ith their character, 
the olimate, and the season. Flan's are unable 
to utilise solid materials ; the food they take up 
must be in solution. Water dorivos its power to 
dissolve soil substanoes, not only from the 
carbon io acid which is liberated in the soil by 
the decomposition of humus, but by that with 
which it is charged when falling in the form of rain. 

Variations in Colour. Roils differ in 
colour owing to the presence of minerals, os oxide 
of iron , an oxido being a compound of oxygen 
and a substance which combines with it, and 
which impariB to it a red tin*, while it difforH in 
mechanical texture and character, owing to the 
fact that it is the product of different forms of 
rock, as limestone, granite, red sandstone, sla'e, 
or clay. Soil is termed heavy when it is chiefly 
composed of clay, and cold when the clay, more 
or less pure, conics close to the surface. A clay 
soil is a soil which contains over 50 per cent, of 
clay. A loam, which is regarded as a free, ojmn, 
kind, and mellow soil, contains from 25 to 30 per 
cent, of clay, a clay loam coming between the 
two, and covering a clay subsoil ; a sandy loam 
contains loss than 25 per cent, of clay, and a 
sandy Boil fit for cul i i vat ion less than 10 per cent, 
of clay. Soils over limes' one or chalk with 
more than 20 per cent, of either are regarded as 
calcareous. 

The four materials, clay, sand, limestone 
or chalk, and vegetable matter or humus, 
are essential to all soils. The clay provides 
tenacity and water- retaining power. The sand 
provides for the admission and percola‘ion of 
water and air, as well as for free working and 
warmth. Limestone, or chalk, when pulverised, 
adds other important properties. It supplies a 
plant food, it neutralises aoids, it attracts 
moisture, it improves the texture of the soil, 
and assists in the decomposition of materials 
which are intended as foods for plants, especially 
aiding, as we shall see later, in the process of 
nitrification (the chemical change resulting from 
the activity of soil organisms, of the nitrogen of 
humus into nitrio acid). The vegetable matter 
of a soil assists in the retention of moisture. 
As it decomposes, it imparts wahn'h to the soil, 
and provides carbonic acid — which, as we have 
seen, enables water to dissolve certain necessary 
soil constituents — together with ammonia, whioh 
in its turn supplies plant life with nitrogen (the 
element forming f of the atmosphere). 
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How to Judge the Voluo of a Soil. 

The expert if usually able to value land 
from its colour, its texture, the depth of 
the surface soil, and the plants which grow upon 
it, from weeds to timber trees. If we select a 
field, and with a spade dig a few feet deep, 
we should not only be able to ascertain the 
approximate depth of the surface soil, but of 
the under, or subsoil, and possibly to reach 
the hard rook beneath. A good sou, from the 
farmer’s point of view, is deep, of rioh dark 
colour, suoh as brown or red, the pastures are 
thick, growing abundant clover, the woods and 
hedgerows strong and healthy, and the weeds, 
like the cultivated crops, vigorous and robust. 
Good land, too, should slope towards the south, 
and be well drained and provided with water 
for stock, but water should never lie on the 
surface. On the contrary, inferior land is that 
which is wet, with a thin or spongy surface soil, 
or which produces weak, poor crops, deficient 
clover in the pastures, and weeds and trees 
which indicate its second-rate character. Whore 
pastures are largely composed of inferior grasses 
and suoh weeds as 


couch , or twitch (a 
grassy weed, 7'riticum 
repent), and especially 
where moss is preva- 
lent, they may be 
regarded as either 
extremely poor in con- 
dition or naturally 
inferior. Bad land is 
also indicated by the 
presence of heather 
and bracken, rush and 
sedge, lioeeh and lir ; 
excessive water con- 
tributes to its sour- 
ness, and abeenoe of 
humus to its poverty 
and physical insuffi- 
ciency. 

Method of Comparison, 


The diffe- 
rence between a poor soil, especially one chiefly 
composed of sand, chalk, or gravel, and a rich 
soil, such as that of an old garden, may be 
readily ascertained in the following way. A 
given weight of each should be taken, carefully 
weighed, and dried until the weight remains 
constant, until, in fact, the whole of the moisture 
has been driven off. If now weighed, the loss 
sustained will represent the water contents. If 
we now bum the dry soil remaining with 
equal care, and again weigh the residue, the 
difference between the dry matter submitted to 
ignition and that remaining will represent the 
organio matter of the roil, practically consisting 
of humus. The unburnt ash represents the 
inorganic or mineral proportion. 

We have seen that water plays an important 
part in the formation of soils and in the convey- 
ance of soluble matter to the plant ; it does 
something more ; by its action upon the surface, 
especially where that surfaoe is uneven, it 
removes or washes away the finer portions at, 
for example, during rain, and enables them to 
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collect, as may be noticed on the lower aide of 
a road, or in the furrows of an arable field. 
Some of the richest soils are those known as 
alluvial, which have been deposited practically as 
they are by water. We may take another ex- 
ample of a water-deposited soil from the warping 
of land in Lincolnshire. As the Humber rises, its 
water is flooded over land which has been selected 
for improvement, and allowed to remain at rest 
until it has deposited the fine particles of soli 
which it holds in suspension. In this way, by 
repeated floodings, a foot of alluvium may cover 
the surfaoe, and thus immensely add to the 
value of the land and its crop-bearing character. 
Thus, water may not only contain matter in 
solution, but matter in suspension. 

Fertility. In the practice of farming, 
matter essential to the growth and life of 
plants is removed in the crops which are har- 
vested and carried away. This fertility is 
renewed in various ways ; by the decay of the 
organic matter within the soil, — as animal 
manure, and the roots of plants ; by the appli- 
cation of dung and the artificial or chemical 
fertilisers ; by the 
ammonia brought 
— — ^ down in the rain ; by 

the weathering of the 
subsoil which follows 
deeper ploughing, stir- 
ring, or sub-soiling ; 
and, where leguminous 
plants (plants of the 
order Leguminosce) are 
grown, by the aid of 
the nitrogen which, 
under given condi- 
tions, they are able 
to extract from the 
atmosphere ; and, 
lastly, as regards pas- 
ture land, by the aid 
of the droppings, both 
liquid and solid, of 
Fertility not only depends 
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highly-fed animals. 4 

upon the presence of plant food in an available 
condition, but on sufficient moisture and on the 
bacteria (very minute organisms), which are 
essential to nitrification . These organisms, which 
require moisture, air, and heat — henoe the 
greater rapidity of nitrification in summer — 
decompose organio matter, the nitrogen of 
which, being converted into nitric acid, unites 
with a base, such as carbonate of lime (a com- 
pound of carbonic acid and a base), and thus 
forms a combination of whioh the roots of 
plants can make use. 

Again, the bacteria responsible for the oolleotian 
of atmospheric nitrogen are essential, that this 
element may be supplied to the leguminous 
herbage, clover, beans, peas, and vetches, among 
others. Their presence is denoted by the tiny 
nodules which will be found on the roots of 
these plants. 

How Plants are Fed. Only a small pro- 
portion of the food of plants, or of the materials 
of whioh they are composed, is obtained from 
thesmL In all, there are some 15 of the ehemieal 
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elements which are closely related to plant life. 
They include carbon, oxygen, nitrogen, hydro- 
gen, and sulphur, all of which are combustible, 
and the minerals phosphorus, potassium, calcium, 
magnesium, sodium, and iron, all of which are 
essential. Of these the most important to the 
farmer are nitrogen, potassium, phosphorus, as 
phosphoric acid, and calcium (an alkaline earth 
metal), as lime, all of which it is necessary to 
supply with some frequency to old cultivated 
soils, as the 
supplies become 

exhausted, ow- _ ^ 

ing to the fact 
that they fre- 
quently run 
short, being util- 
ised by plants 
more quickly 
than they are 
provided by 
Nature. That 
the materials 
named are pres- 
ent in plants 
can be proved 
by analysis, the 
mineral matter 
of soil being 
found in its ash 
after burning. 

The chief con- 
stituent of plant 
life is carbon, of which it is estimated that 
3$ volumes exist in every 10,000, and that 
28 tons, as carbonic acid, or carbon dioxide, are 
present in the air over every acre of land. 
Oxygen, which forms about one-fifth of the 
atmosphere, comes next in order, and of this it 
has been calculated that 21,000,000 lbs. are 
over every acre of land. 

Constituents of Soils. Brief reference 
may now be made to some of the chief 
materials found in soil. Clay is chiefly com- 
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posed of silica and atuminium. It is seldom 
pure, but is tenacious, resisting the passago 
of water and of air; it is cold when wot, but 
liable to bake hard in Bummer. It has the 
property of retaining the most valuable con- 
stituents of both animal and artificial manure. 
Clay land is often termed season land, owing 
to the fact that it can only be cultivated under 
opportune conditions. 

Sand is useless for crop-growing, owing to its 
want of tenacity, 
its inability to 

retain water, its 
* ; j destitution of 

- n ’ organic matter 

* C and plant food, 

' * and it s groat 

* warmth in sum- 

' mer. ,1 ust as 

clay noods sand 
anil humus to 

improve its tox- 
' t turo, so does 

sand need humus 
and clay to make 
it homogeneous, 
/ fertile, and ablo 

to retain water. 

Effect of 
Lime on the 

Soil. A cal- 

careous soil, 
whether over 
limestone or chalk calcium carbonate, is usually 
deficient in both organic matter and clay, while 
at the same time it may bo excessively rich in 
carbonate of lime, which, when burnt, produces 
oxido of lime or quicklime, one of the most 
valuable aids to farming. Lime sweetens a sour 
soil by neutralising its acids ; it assists in the 
retention of moisture, and in the improvement 
of texture. It enters into the composition of 
plants, and thus assists in the formation of the 
tones of animals ; it further aids in the decom- 
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position of organic matter, liberating nitrogen 
compounds, and by its action upon clay and 
other mineral constituents of the subsoil it 
provides a supply of potash. 

How 8oiU are Improved. The im- 
provement of soil is effected partly by Nature 
and partly by man. Improvement depends 
upon the addition of materials which provide 
lood for plants, and which modify their texture 
as well as upon methods of cultivation, such as 
ploughing, cultivating, harrowing, rolling, and 
draining. In dry weather the surface of a 
field may be exceptionally dry, and oven capped 
with a thin crust. This is chiefly owing to the 
evaporation of moisture. If this cap is broken 
by a sharp-toothed harrow or by the cultivator, 
waler is induced to travel upwards from below, 
and to supply growing plants ; hence the prac- 
tice of stirring with the horse-hoe between 
the rows of roots, cabbage, or potatoes, or of 
harrowing a young plant of wheat m early spring. 
Where a jxin exists, lsdow which the plough 
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has not penetrated, the upward movement of 
water is checked. Stirring often and deep is 
essential in good farming. 

The movement of soil water is imperative in 
order that it may convey to plants the soluble 
materials of which they art' in neod. This move- 
ment is aided by artificial drainage where natural 
drainage does not exist ; lienee the importance 
of draining heavy clays and soils in which water 
is s.aguant. Rain water adds nitrogen to soil, 
which, in the form of nitric acid and ammonia, 
it takes up in its passage through the atmosphere, 
hut this important contribution of nature is of 
little avail, if, owing to wont of drainage, a 
soil is impermeable, cold, and its water-table 
high, or, in other words, where water rests 
stagnant near the surfaee. 

Restoring the Balance. Soils which 
con'ain an excess of one constituent, as clay, 
sand, gravel, peat, or chalk, are improved only 
by the addition of such materials, and by such 
a form of cultivation as will bring thorn approxi- 
mately to t ho condit ion of loam. Long manure — 
i.c., dung containing plenty of straw— sand, 
road scrapings, and chalk reduce the tenacity 


of clay, assist in making it pervious to air and 
water, raise its temperature, and make it less 
difficult to till. Sand and other light soils are 
improved by the addition of short manure— the 
produce of cows and pigs— by day and by marl — 
a form of clay more or less rich in carbonate of 
lime. Such soils are thus made more homo- 
geneous, compact, and tenacious ; they hold 
water better, retain soluble plant food more 
perfectly, and are less liable to starve growing 
plants. A chalky soil, which is frequently thin, 
is equally improved by the addition of clay and 
heavy dung. One of the best methods, however, 
of increasing its fertility is that of growing 
turnips, sainfoin, and clover, by the aid of acid 
phoephatic manures, that they may be consumed 
by sheep which are folded upon them, and which 
are simultaneously supplied with rich foods such 
as cake and com. Soils of a peaty character, 
which are usually sour, and sometimes a mass 
of spongy vegetable matter, are immensely 
improved by the aid of lime or chalk. 
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Where peaty soils can bo cultivated by the 
plough, liming or chalking may be followed by 
the employment of phosphates and potash salts, 
sown with vetches, clover, or some similarly 
suitable leguminous plant, with or without rye- 
grass, rye, or oats, and so prepared for potatoes 
and other suitable crops. There are, however, 
so many variations in soils of this character that 
the grower should observe what has been accom- 
plished in the practice of his neighbours. The 
paring and burning of Boil, whether with the 
object of destroying weeds or improving its tex- 
ture, is not to be recommended. The nitrogen 
of a soil iB principally found within nine inches 
of its surface ; burning, therefore, is followed 
by a serious loss of this valuable constituent. 

One of the most important methods of im- 
proving soils of extreme texture, such as clay or 
sand, is, as already mentioned, of ploughing-in 
green crops, such as mustard, rape, or vetches, 
to which the Germans add lupins with great 
success. These crops grown by the aid of potash 
salts and phosphate of lime, not only increase 
the percentage of humus or organic matter, but 
add nitrogen and carbonic acid. 


To be continued 
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and so on with the other oonaon&nts. In doing 
this the student will familiarise himself with the 


vowels that are strange to him, namely ah, aw, 
and oo, and discover the way to write a great 
number of words phonetically. For instance : 


v i -i i- (- o 

pooh, ought , owed , dough, though, ooze, 


neigh, knee, 

are written phonetically. In order to arrive at 
the correct vowel sound of any word the student 
must, until proficient, run over the scale of 
vowels till he has determined which is the one 
he requires. 

The following diagrams further illustrate the 
positions of the vowels. 


▲ VOWEL BEFORE A CONSONANT. 



A VOWEL AFTER A CONSONANT. 
p t th l k 

\ t P' ^ r * n 

(down) (up) 

In writing shorthand the student should 
strike the consonaut first, and then fill in the 
vowel in the proper place. 


Long vowels between two consonants. 

First and second-place long vowels, when 
occurring between two consonants, are written 
after the first stroke; as ^ 

taUc, gate. 

But in order to avoid an awkward position 
for the sign, third-place vowels are written 
before the second stroU; as 

t-* J 

team., teach, read. 

Th^ vowel is still in the third-place, as 
indicated in the following diagram : 

LONG VOWELS 1 PLACES. 


L1A 


n — ^ 


Short Vowels. In addition to the six 
long vowel sounds, there are six corresponding 
short vowel sounds in English, which are 
heard respectively in the words 

pdt, pit, pit; vot t nut , foot. 

The correspondence between long and short 
vowels is shown as under : 


^JTho *Uort sound of ah in palm is a (say ah quickly) in 

The short sound of sh in pats is e (say eh quickly) in 

pH. 

The short sound of e# in psat is * (say ss quickly) in 
JMf • 

in^*a/h° rt sound of aw in nought is o (say aw quickly) 

The short sound of oh in mats is nearly « (iU) in n«L 
^Ths short sound of oo in /bad (say oo quickly) is U in 
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By drauding a word ocmtaining a short vowel, 
the corresponding long vowel will be heard. 
Compare pick, peek ; cot , caught. 

Similar signs are employed for the short as 
for the long vowels, namely, dots and dashes ; 
but the signs for the ahort vowels are written 
lightly, in order to indicate their ahort and 
lighter sound, thus : 


Bound Sign 

M la 


d that j 


Bound Sign 

•• la 

d not j 


c pen 


u mach -| 


t ts 


do good J 


The order of the short vowels may be remem- 
bered by saying the following sentence : 

That pen is not much good. 


The student will find the exact value of the 
short vowels by pronouncing each in conjunction 
with a following consonant. In order to min 
familiarity with them, he should write them 
before the different consonants, and pronounce 
the combination, thus 


1 -I .1 “M J 

at et it ot ut dot 


1 I J 1 -I J 

ad ed id od ud odd 
and bo on with other consonants from p to r 
(down). When he has done this, lie should 
contrast each short vowel with its corresponding 
long vowel : thus 

1 1 -II .1 J 

aht at, eld et, eet it. 


ahd ad, ehd ed, eed id, 

"I 1 -I H J J 

awt ot, oht ut, dot dot , 

1 1 H -I J J 

ated od, ohd ltd , odd ddd. 


ahm 


am, ehm 


em, eem im. 


^ A rK ^4 

awm om , ohm urn, com oom. 

As a result of this practice, many common 
words will be made, of which the following are 
examples : 


i ; i . v, \ / - / r 


at, ash, add, am, Ann, ebb, etch, egg, edge, ell, 

.1 j v, r ‘i -) 

it, itch, if, iU, odd, off, or, vp, us. 


Short Vowels between two con- 
sonants. First and Third -place short 
vowels are written in the same position as 
thtfcr corresponding long vowels ; as 



L L \\ <-" x - 1 

tacky tick, pap , pipy rock, rook. 

Second- flags short vowels are written 
before the second consonant; as 

H 

get , wreck, butt , $u6, guZZ, Ztey. 

Compare the places of second-place long and 
short vowels in the following diagrams and 
words : 

SECOND-PLACE LONG VOWELS AFTER THE 
FIRST CONSONANT. 

LI A rrw 

rs 1 

SECOND-PLACE SHORT VOWELS BEFORE THE 
SECOND CONSONANT. 

r 

\r \r x\ /\ 

pale, pell , cope , cup , robe, rub, 

L L_ /T ^ 

take, Tech , room, rum. 

Diphthongs. There are four double vowels, 
or diphthongs, namely, T, otc, oi, it, as heard in 
the words vie, vow , boy and due. The first 
three are represented by a small acute angle, 
and the fourth by a small semicircle, thus 

I vj ow a| OI “I u „| 

The triphthong wi, as heard in wife , is 
represented by a small right angle, thus WI L | 

The diphthong oi is written in the first-place, 
and therefore always at the beginning of a 
stroke, as |* j — ^ 

toy, coy , Boy. 

The diphthong u is written in the third-place, 
and therefore always at the end of a stroke, as 

cue, your. 

The diphthongs i and ow and the triphthong 
wi may be written either in first, second, or 
third-place, as is most convenient, as 

r * > > K' 

ide , tUe, fowl, voted, tvnbxd. 

Both x and wi may be joined initially to 
a down-stroke, as 

U V 0 ^ 1 v 

item, ivy, ice, ire ; white, wife. 

Both ow and oi may be joined initially to 
upward l, as ^ ^ 

oust, otL 


Both ow and ti may be joined finally to a 
downstroke, as 

v ^ i 

bough, vow, pew, due. 

After the consonant n, tlio diphthong u may be 
written thus, ^ neto, and ow thus, w, now; 
l is joined to n thus, nigh. 

Learners sometimes confuse the diphthong 
v j I with the short vowel j { ; also J u with the 
short vowel -j ti, and J ow with the long vowel 
-j oh. The following pairs of words illustrate the 
contrast between diphthongs and vowels : 



'l 

/Cl 

A 

K. 

V 

bite, 

bit ; 

right, 

writ ; 

tube. 

tub; 

J 


A 

A 

(nouu) 

(verb) 

•) 

\ 

> 

use, 

us; 

rout 

wrote ; 

SOW, 

SOW. 


When a diphthong and vowel, or two vowels 
occur between two stroke consonants, each 
should, if convenient, be placed against the 
consonant to which it naturally belongs; thus, 

^ A) 

newer, Louisa. 

All the shorthand examples in this lesson 
should be carefully copied out. 

Exercise. 

Write the shorthand form and jlacr the longhand 
translation after it, as in the first line. 

Long Vowels. 

\ bah, ) saw, )• say , -| oat, .) ease, £ chew. 

C \ -j- J sT- 

Short Vowels. 

r~ a \ ^ Y a 

i — l — - -j- 


Long and Short Vowels and Diphthongs. 

/ 1 /X r t. /- 
5 -4 /* v ✓n ^ ^ l 

Write the shorthand word after the longhand 
in the following words. 

The student is directed by a small capital letter 
when to write the letters L, R and H downward. 

They, caw, awl, page, thief, Hawk, jeen, folk, 
doom, dub, lad, yawL, bullock, mug, animal, 
mighty, loud, allow, Hew, widen, envoy, Elijah, 
China, loyal, hope, value, Johnny, bunch, 
name, meadow, refuge, shook, notch, angue, 
attack, veal, shone, canaL, widow, gulf, farm, 
fury, tide, ahane, naiL, Hoy, manage, boy. 

[A Key to the above exercise will appear in 
the next lesson.] 


To bs con tinu e d 




eaoh of four rectangular sides of the octagon 
are plain sight slits, the remaining alternate 
sides having sight slits and rectangular slots 
with vertical hairs. 

The adjustable cross staff [3] is another form 
of this instrument. It is more useful than those 


OIVIL RNQINBtltlNQ 

at B and C [5], so that they oan respectively 
see the posts D and .4. Operator C ranges 
B in line with 4, making the line Cb^A on 
the plan. Operator B then ranges C in lino 
with D, making the line Fic x D. This opera- 
tion is repeated until all the four posts arc 




just described, as it is possible to read angles, 
or f ake bearings , with it. It is cylindrical in 
form, divided into two parts, as shown by the 
illustration. The upper portion centring on 
the lower portion oarries a vernier and a com- 
pass. The lower part has a grand circle divided 
into degrees. The vernier 
is revolved round the grand 
circle by the screw. The 
slotting for the upper por- 
tion is similar to that of 
the instrument described 
above, the lower portion 
having four slots diametri- 
cally opposite each other. 

Optical Sauare. This 
is a small hand instrument 
used for setting out right 
angles. The optical con- 
struction is the same as 
that of the box sextant, 
only the mirror glasses A 
and B [ 4 ] are permanently 
fixed with their faces at 
an angle of 45° to each other, which gives a 
reflection of 90°. The sighting, or observation 
hole, E , is diametrically opposite the vision hole C. 
The glass B has the upper portion silvered (the 
lower being clear) to receive the reflection thrown 
by the mirror A. Sighting through the clear por- 
tion of the glass B along a chain line having the 
direction EBC t an object at right angles to the 
line of direct vision will be reflected by the mirror 
A on to the silvered portion of the glass B, 

In ranging lines for a survey it is necessary 
to be very careful that the ranging rods are kept 
absolutely vertical. These rods vary in height, 
and should be mounted with flags in order to 
catch the eye when they are placed far apart. 
It often happens that, owing to the configuration 
of the ground, the forward pole is lost 
sight of. To meet this, dcrublt ranging 
has to be adopted, as shown by 5. 

It being impossible to see the po3t D 
from A t owing to the rising 
ground intervening, two men 
take up intermediate positions 


4 . OPTICAL SQUARE 


in lino, as shown by the line Ab t c 9 D on 
tho plan. 

At the ends of all survey lines, and at inter- 
mediate positions whore other lines join, nations 
should be cut and a note of the chainag;*, etc., 
recorded on apiece of paper put in tho hole. If 
the survey is to extend over 
any length of time, square- 
headed pegs should lie driven 
into the ground, in order to 
enable the points to l)o (ticked 
up afterwards. When the 
ground is irregular, the chain- 
ing may frequently have to 
bo done in short lengthy, in 
order to got the true hori- 
zontal distance from point 
to point. This is usually 
done by bringing the point 
up to a ranging rod held 
truly vortical, and then by 
starting from the point thus 
foun 1 on the ground to tho 
next point as illustrated by 
[6]. A being tho first point, the handle of the 
chain is held there, and tho first 50 links are 
measurod off horizontally to B t and then plumbed 
to the ground (by dropping a stone or by a 
weighted cord) fixing point B. The remaining 
50 links are measurod off in the same way, 
and the point C fixed, and an arrow inserted 
there. The error which arises by measuring tho 
sloping ground from A to C is what is termed 
hypoihenusal error. 

The chief errors that 
may arise in a chain 
survey 
besides 
t h ose 
named, 
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and which have to be guarded against, are 
due : 

a. To the chain not being held tight. 

b. To the handles not being held close against 

the arrows. 

c. To the stretching of the ohain by constant 

use. 

d . To not keeping in proper alignment. 

(bnsiderable skill is required in determining 
the arrangement of linos for a survey best oalou- 
lated to get the least number and yet to take 
in all the points satisfactorily/ Also accurate 
notes are neoessary, and sketches of all objects 


observed as 
the survey 
proceeds are 
very impor- 
tant. In the 
arrange- 
mentof sur- 
vey lines it 
is necessary 
that they 
should be 
completely 
tied in, so 
that any 
errors in 
chaining 
may show 
themselves 
when the 
plotting is 
commenced, 
by the lines 
not properly 

joining. This can be illustrated by several 
sketches. The first [7] is that of a triangle 
which in itself is not complete, without the 
tie line, as shown. In the event of one of the 
lines being chained too short or too long, the 
only thing that would happen 
would be an alteration in the 
shape of the triangle, whioh, 
if the error were only slight, 
would not be noticeable. The 
tie line prevents this occur- 
ring. The second diagram [8] 
shows the arrangement of ties 
for a rectangular field, the 
position of the diagonal being 
ohosen so as to aot as a survey 
line to piok up the footpath. 

A more elaborate arrange- 
ment of lines is shown in 8. 

These tie lines are sometimes 
termed chain angles. 

For the purposes of plotting 
the survey, great oars is re- ; 
quired in keeping the field A 
notes. The usual form of field ; 
book is shown in 10. 
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8. CH K IN SURVEY 



tioed 
that 
various 
symbols 
are em- 

ployed to \ fa 
enable the \^( 
different things 
to be recorded 
in the field book 


without a written 
description, and a 
sheet of such symbols 
is issued by the Ord- 
nance Survey Depart- 
ment. 

It frequently occurs in the 
course of the work that the 
view is obstructed by some 
obstacle, or that some inaccessible 
point has to be recorded. There 
are various methods of overcoming 
these difficulties. When the ob- 
struction is, for instanoe, a house, 
it may be dealt with as follows. 7 . ch AIW 
In 11 A a is the chain line, which has survey 

to be continued towards!). Per- 
pendiculars are set up at A and o, and equal 
distances, A B and ah, are measured to clear the 
obstacle. Bb is then ranged forward to c and 
C, and at these points similar perpendiculars 
are set up, the distances cd and CD measured, 
and made equal to AB and ab. Dd is there- 
fore the direction of the chain line produoed, 
and the length be is the chainage of ad that 
could not be measured. The distance apart 
of the points Aa and dD should be sufficient 
to obtain a good range. Other methods are 
shown in 12 and 18. At A on the chain line 
AA in 12, a perpendicular AC is set up and is 
produoed to D , making A C * CD. At D a 
perpendicular is set up and a straight line 
carried through BC, cutting it at E, making 
DE « AB , the dis- 
tance required. 

It is required, in 18, 
to continue the chain 
line CA across the 
river and at the 
same time to 
find the dis- 
tance AD (D 
being a 
point 
visible 
on the 
ohain 
line 
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produoed), and to dear the wood which ob 
streets the ohainage. At A net up a perpen- 
dicular AB, and at B set up a perpendicular 
to BC, cutting the ohain line produoea at D. 

Then CA : AB : : AB : AD 
_ A/? 

AD ~1a 

As it is possible to chain AB and AC the difl. 
tanoe AD can be calculated. If AB is made 
equal to 2 AC the distance AD is 4 AC. 

In the event of no 
instrument being 
available for setting 
up perpendiculars to 
a chain line, it oan 
be accomplished by 
means of the chain 
alone. The propor- 
tions of the sides of a 
right-angled triangle 
may be as 3,4, and 5, 
or multiples of these 
numbers. It is re- 
quired to sot up a 
perpendicular to any 
point A [14] on a 
chain line. On each 
side of A measure off 
30 links to B and C, 
and pin the chain 
handles down at these 
two points. If the 
centre brass tag of 
the ohain be taken 
hold of and the ohain 
pulled tight, a per- 
pendicular can be 
ranged through the 
point D thus found. 

The triangle will, of 
oourse, have sides 
eaual to 30, 40, and 
50 links, and AD is 
perpendicular to the 
chain line BC. 

It is necessary to 
be able to plot the 
position of the true 
north with regard to 
the lines of the sur- 
vey. For extended 
surveys accurate 
methods must be 
adopted which will 
be explained here- 
after, but for small 
surveys the following method suffices. At some 
convenient point on the survey we have a pole 
erected truly vertical, and with the pole as centre 
describe a circle round it At any convenient 
time before noon mark the point at whioh the 
shadow of the pole thrown by the sun outs the 
circle, and at the same number of hours after 
noon mark another point on the circle. The 
bisection of the angle formed by these two points 
and the pole give the north. In eaee the sun 
should tt oftpppppd at any time during the day. 



10 . 


it is neoessary to take several points at the 
right intervals before and after noon, so that 
there will be several chanoes of getting a result. 

The most usual form of survey is by chaining 
the lines, and fixing their positions with regard 
to one another by angular measurements. In 
small surveys a combination of angular work 
and chainwork may be adopted. That is to 
say, the main lines may bo oheoked by means of 
reading the angles between them, while the 
filling in of the minor details may be left to 
be done by the ohain. 
In any case, the main 
lines are chained to 
get their lengths, and 
the tying of them to- 
gether is done by 
reading with an in- 
strument the angles 
they make with one 
another. In all work 
of this description the 
greatest oare must 
be taken to place the 
instrument exactly 
over the point of in- 
tersection of the lines 
between which the 
angle is intended to 
be taken ; also that 
in reading the angles 
the telescope of the 
instrument be first 
directed to the left- 
hand object, in order 
that the angle may 
be road from zero on- 
wards, as the gradua- 
tions of the instru- 
ment are from left to 
right. The instru- 
ments generally em- 
ployed are the Theo- 
dolite, Box Sextant 
and Prismatic Com- 
pass, which are de- 
scribed in their proper 
place. The theodo- 
lite is the one chiefly 
used, the smaller in- 
struments being em- 
ployed in detail work, 
or for work involving 
less accuracy. In this 
part of the subject, 
dealing with small 
theodolite surveys, 
the lines are all chained in the ordinary way. 
For work of greater magnitude the lengths of 
the lines are calculated, as explained later. It is 
never advisable to trust to one reading of an 
angle, but it is usual to repeat the angle as 
follows. After the first angle has been taken and 
the plates clamped the instrument is again turned 
on the first point, but with this difference, that 
instead of starting with zero on the first point, 
the telescope (with the angle just observed on 
the plate) is sighted on to the point, so that the 
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neoond reading should be the sura of the two 
ansles. This should be repeated a third time, 
ana the sum of the 
differences of the 
three angles thus 
obtained, divided by 
three, will give the 
mean angle. An 
illustration of this 
is as follows : 



OBSTRUCTION TO CHAIN LINK 


1st reading 

2nd 

3rd 


Axole. 
175° 30' 
351* O' 
166° 30' 


Difference, 
175* 30' 
175° 30' 
175° 30' 


3 ) 520° 30' 
Mean =* 175° 30' 





It is inoorreot to add up 
the readings and divide by 0 
unless the whole three read- 
ings oome to less than 300°. 

Parallax, The 

eyepieoe of the tele- 
scope of any instru- 
ment, suoh as the 
theodolite, serves 
to give a distinct 
and magnified view of the 
image. Therefore, since the 
magnifying power of the 
eye-pieoe is large, its focal 
range is small (according to 
its magnifying power). Con- 
seauently tha cross - hairs, 
ana the image formed by 
the objective Ions, should lie 
in the focal plane of the 
instrument, that is to say. 
the image must be brought 
on to the cross-hairs. The 
plane of the cross-hairs is 
fixed, while that of the image 
moves backwards and forwards, according to 
the movement of the objective lens (as when 
focussing). Therefore, the ooinoidenoe of the 
image and cross-hairs in the focal plane is 
imperfect, and it will be seen 
by moving the eye, while W* 

looking through the tele- WU 

scope, that the cross-hairs ‘ 

appear to travel, or flitter, t * t \f 

over the a a 

surface ^ 

of *-he 
image. This is 

called M Parallax.’* 

To adjust for paral- 
lax we first focus 
the cross-hairs until 

they appear distinct 
and sharp, which is 
done by gentl jr moving 
the eye-pieoe in or out 
The objective lens is 
then moved until the 
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Image comes into perfect focus. These opera- 
tions are repeated until there is no perceptible 
movement of the 
n cross-hairs. When 
once the adjustment 
for parallax has been 
maae for the day, no 
further attention is 
required so long as 
the same person 
uses the instrument, hut another individual 
with a different focal range would have to 
carry out adjustments to suit his vision. It 
should he remembered that adjustment for 
parallax should he made previous to that for 
Coilimation, which is explamed elsewhere. 

Prftamatic Compass. This instrument 
[15] consists of a circular metal box, varying 
from 2$ inches to 0 inches in diameter, containing 
a magnetio needle to whioh is attached a circular 
card. The north and south of the needle are 
diametrically opposite on the card, the rim or 
edge of which is graduated into degrees and half 
degrees. The north 


12. CHAIN LINE OBSTRUCTED BY 

river: method or crossing 


of the needle is 
fixed at 180°, the 
Bouth at 360°, or 
zero. The box is 
fitted on one side 
with a combined 
sighting slot («) 
and magnifying prism. On 
the opposite side of the box 
is a vertical limb, with a 
slot in it, carrying a fine 
wire. Now, assuming the 
instrument is resting at zero, 
a line drawn through the 
centre of the slot (a) to the 
fine vertical wire will pass 
through the card at 360°. its 
centre, and 180°. In taking a 
reading we sight through the 
slot, and bring the fine wire 
on to the distant object, the 
which has to be determined, 
sway a little, hut this can be 



1& CHAIN LINE OBSTRUCTED BT 

bivkr: method of crossing 


“ hearing M of 
The card will 
oheoked by a finger clamp at the base of the 
vertical member until it is brought to rest in 
its true position. It is then clamped, and the 

reading 

li A 

^ when the instrument is 

not boing used. The 
vertical limb, on being closed down, 
automatically damps the needle. 

Sometimes the prismatic compass 
is combined with an altitude instru- 
ment whioh is called a Prismatic 
Clinometer [ 16 ]. This consists of a 
prismatic oompass^ (as previously 
explained) and a circular box oon- 



taken. 
The prism 
and ver- 
tical limb 
can he 
shut down 





taining a loaded and graduated card. The 
instrument stands on a base. By looking 
through the slot, as depicted by the illustration, 
and tilting the instrument on its base till the 
alignment of the slot, hair, and the object is 
correct, the degrees of inclination oan be read 
in the ordinary manner. 

The Vernier, The vernier is a 
male made for the purpose of sub- 
dividing another scale into certain 
equal proportionate parts to any 
degree of minuteness. The 
vernier is divided into equal 
parts, one more or one less 
(according to the direc- 
tion in which it is in- 
tended to read) than 
an equal length of 
the scale to which 
it is to work. 

\ 



14. SETTING UP A PERPENDICULAR WITH THE CHAIN 


Fig. 17 depiots 
a scale (A) % 
divided into 
degrees, which 
are subdivided 
into half de- 
grees. The length of the vemior for this 
scale is taken to equal 29 of the subdivisions 
or half degrees. This length is equally divided 
into 30 parts. Each part will, therefore, be 
^th (or one minute) less than a half degree 
subdivision. From this it will be seen that 
if the vernier arrow is moved forward one 
minute on the great scale it will be recorded 
on the vernier soale. Figure 17 shows a vemior 
indicating an equal number of degrees on a 
great scale (.4), while 18 shows a vemior 
indicating a reading of 23° 12' on the great 
scale (J3). 

Box Sextant. The box sextant is a hand 
instrument [19] for measuring angles up to 130°. 
It consists of a circular metal box (about 3} 
inches in diameter) containing two glasses, one 
movable and the other fixed. Tho fixed glass 
is silvered on the upper half, the lower being 
clear, while the movable or reflecting glass is 
silvered all over. The thumbscrew D operates 
the movable mirror. The angle between the 
object observed by the eye and the reflected 
object is recorded by the vernier on the 
index arm which works along the grand 
circle. The method of obtaining the angle 
between two objects is as follows: Sight 
(by means of the telescope T) through the 
clear portion of glass on to the left-hand 
objeot; operate the screw D until the right- 
hand object appears (by reflection) on the 
upper or silvered portion of the fixed glass. 
When the reflected and the observed ob- 
jeot coincide, the reading mav be taken, 
and the value of the angle obtained. In 
order to facilitate the reading of the vernier 
a magnifying glass is provided. 

In cases where the objects are not far 
apart the telescope is dispensed with and 
drawn out, the opening in which it rested 
being covered by a slide with a small 


hole in its oentre, Looking through this hole 
serves the same purpose as looking through 
the telescope. 

The Transit Theodolite, This instru- 
ment [20] is explained by one made by 
lessrs. Cooke & Sons. To take the 
bearing of a survey lino with a theo- 
dolite, we set the instrument firmly 
over the peg at the commencement 
of the line, so that tho plumb- bob 
(P), which is fixed to the oon- 
tral vertioal axis of the instru- 
ment, hangs truly over the 
oentro mark on tho peg. 
We level the instrument by 
means of the screws (s) 
until the air bubble in 
the spirit level is in 
the oentre. Having 
the instrument 
lovol, wo clamp 
the vernier (A) 
to zero on the 
graduated cir- 
cle (J5) by 
means of the 
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clamping screw (L). The final adjustment 
of tho vernier is made by the tangent screw ( T ). 
Now release the clamp (K) t which will enable 
tho whole instrument to be revolved (with- 
out altering tho zero), and sot it up by the 
oompass needle attached to the instrument to 
magnetio north. Tho final adjustment is made 
by the tangent screw t v The instrument being 
now at zoro and pointing to tho magnetic north, 
release the vernier and swing the telesoope 
round from loft to right until it rests on tho 
pole on the end of the line. Carefully adjust 
the telescope bv the tangent sorow (T) until the 
cross-hairs in the instrument cut the oentre line 
of the polo. The bearing can now bo road by tho 
vernier, and will be a forward bearing . Th is opera- 
tion is repeated with the instrument set up at the 
other end of the lino and the telescope turned on 
to the first pole. Tho reading obtained will be a 
backward bearing; the difference between the 
two should be 180*, which is a check on the work. 

To take a horizontal angle with the theodolite 
we set the instrument to zero and place it 
over the peg at the apex of the two lines as 
previously explained ; we then turn it on to 
the pole of the left-hand line. Releasing the 
vernier clamp (L), and swinging the telescope 
round on to the pole on the right-hand line, we 
clamp the vernier and take the reading. 

To take a vertioal angle, set the vernier (F) 


1 


15. PRISMATIC COMPASS 


(on the vertioal 
graduated circle 
D) to zero, de- 
press the tele, 
scope for anega- 
tive angle, and 
raise it for a 
positive angle, 
obtaining the 
value by means 
of the vernier. 
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The vertical motion of the telescope is governed 


we vertical motion of tbe telescope is governed 
by the clamping screw ( H ) and the tangent 
screw ^ 

Theodolite Ad* 

juatments. In " 

adjusting the levels j h t 

on the horizontal Z 

plate perpendicular M^ / 

to the vertical axis ‘ ' . ^ 

of the instrument wo . y 

set up the instru- | Hf 

ment firmly on good JK 1 HtBFr 

solid ground, release <1 - - 

the lower clamping Mm ' *'* 

screw and turn the - ^ 

head until the longer 'V 

of the two levels lies ' jpV 1 

in a direction parallel * 

to an imaginary line V'~ 

joining the centres „ 

of two of the foot* ' - - -- 

The ,hortor ie nauATI0 compass , 
tube then lies to- 
wards the third. Now level the instrument by 
means of the foot-screws, so that both bubbles 
lie in the middle of their runs. Then turn the 
head of the instrument one half round in azimuth, 
that is to say, through an angle of 180 degrees. 
If the bubbles remains true they are in perfect 
adjustment, but if not, then by means of the 
capstan-headed lock-nuts (c, c), by which the 
larger one is attached to the horizontal plate, 
oorreot it for half the error only, and for the 
other half by means of the foot-screws. 




16. PRISMATIC COMPASS AND ALTITUDE INSTRUMENT 


may be turned in azimuth through an entire 
revolution without disturbing the position of the 
^ bubble, after which 
L M the levels situated on 

MM the horizontal plate 
Ml can be compared 
/T D ^M with and adjusted by 

M M it. The operation is, 

^M however, of some- 

whatlongerduration, 
„ i A and as the method 

r IP given above will be 

II found sufficiently 

J ! j accurate for all 

1 practical purposes, 

v* V /" no ^ urt, ber descrip- 

tion of it is given 

Transit Axis 
— , Adjustment. The 

- / adjustment of the 

D ALTITUDE INSTRUMENT 80 ** 

to be truly hon- 

zontal is effected by moans of the antagonistic 
screws (a, a) situated just below one of the Y 
bearings, and can be carried out with the aid of 
a striding level. It is an adjustment that is not 
likely to require much attention, for having 
once been carefully corrected by the maker of 
the instrument nothing but very rough usage 
can possibly displace it again. 

Having levelled the instrument carefully by 
means of the bubbles on the horizontal plate, 
and noticed that this adjustment is perfect, turn 
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18. THE VERNIER 


Now complete the revolution of the head, back the caps which cover the ends of the transit 

bringing it to its first position, and again notice axis in its bearings. Now erect the striding level 

this bubble. If it is not auite exact, the same on the top of the axis just over the bearings, and 

operation must be repeated, that is to say, half observe it carefully. (Reverse it, in order to 

the error must be again eliminated by means of examine its own adjustment, and if any error be 

the capstan-headed nuts, and the other half by discovered, this must be corrected before pro- 
means of the foot-screws. By repeated trials oeeding further.) If the bubble does not remain 

thi«* level can thus be eventually exactly corrected, in the middle of its run, it must be made to do so 

after which the smaller bubble may be compared by slightly opening or closing the slit in the 

with and adjusted by it, and when the head of bottom of the adjustable Y, by means of the 

the instrument can be twisted through an entire antagonistic screws (a, a), which has the effect 

revolution without disturbing either of the of lowering or raising the end of the transit axis, 

bubbles from their positions in the D When the adjustment is completed 

middle of their runs, the levels are n for one position, the bubble in the 

in perfect adjustment. . 4 striding level ought to remain 

The same adjustment can be f Ov c - steady while the head 

made by reference to the level ; * » twisted in azimuth 

which is mounted on the vernier - - through an entire 

arms of the vertical circle, some- 7 revolution. 

tames called the azimuth level. This This same adjustment 

bubble is of more delicate construe- may be accomplished with- 

tioo than those on the horizontal ^ Jjsfe out the aid of a striding 

plate, so that by its use greater ■«, level In the following 

aororacy may be attained. It , * manner: Set up the in- 

must first be carefully corrected, strument at about forty 

so that the head of the instrument 19, box sextant or fifty feet distance from 

868 
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* high wall or otner object ot consider- 
able elevation, level it carefully, and direct 
the telescope to some small point situated 
as high up as possible, and bring the oross 
lines to bear exactly upon it. All parallax 
(as previously explained) must now be carefully 
eliminated. Tilt the telescope and make a small 
mark on the wall near to the foot, at the point 
of intersection of the cross lines. Now turn the 
telescope 180 degrees in azimuth, transit it, and 
again direct it to the upper mark, after which 
tilt it as before and see if the point of intersection 
of the cross lines exactly corresponds with the 
lower mark. If it does so the transit axis is truly 
horizontal, but if not, 
half the error must be 
corrected by means of the ^ 

antagonistic scrows (a, a) 
as previously described, * / 

and the operation repeated t ISWfT*' - ’ _ ^ 

in order to ensure accu- 
raov. d t 

Horizontal Collima- | R. 

tion. The adj‘ustment of W a - 

the central lino of vision l 

of the telescopo perpen- : u 1 \ 

dicular to the transit axis, B _C£ 

in other words, horizontal 

co1limation t is ellected by It** a 

means of the pair of 

antagonistic screws (6, b) s 

situated near the eye end If f -C ! 

of the telescope. 

Having carefully levelled 

the instrument, direct the , ‘-IVjLl 

telescope to some small ^ 

object, such as a pin-hole 

in a piece of white paper, 

fixed at as great a distance 

as can be distinctly seen, 1 ' ^ jBSl-l 

and by means of the lower 

tangent screw bring the I 

centre of the webs to fall \ 

exactly upon it, all clamps l 

being firm. Now having ! J 

tumod back the covers of 

the bearings and loosened W&JBU kxk lW 

one of the clipping screws wyfl 

(e, e) at the lower ex- - 

tremity of the vernier arm, ( f 
gently lift the upper part : 1 

of the instrument ana re- 
verse the transit axis in 20. than sn 

its bearings. Release the 
clamp to the vertical circle, and then transit 
th * telescope, after which again direct it to the 
previous object. If it falls exactly on the cross- 
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20. THAN SIT THEODOLITE 


hairs the adjustment is perfect, but if not, 
correct half the error only by means of the 
antagonistic screws (6, b) and then repeat the 
operation. This time it will be found to bo 
almost, if not quite, correct, but if necessary 
again divide the error by means of the screws, 


and so on until the adjustment is penect. jmo 
adjustment is provided or required for vertical 
colLimation with this instrument. 

To adjust the level attached to the vernier 
anna of the vertical circle, so that when the 


erfect. No 
for vertical 


central line of vision of the telescope is horizontal, 
and the zero lines of the vertioal verniers ooinoide 
with the zero diameter of the vortical circle, the 
bubble may be in the middle of its run* we 
manipulate the oapetan-headed look -nuts (cf, d) 
that attach the level bubble to the vernier arms. 

Having levelled the instrument carefully by 
means ot the bubblos ou the horizontal plate, 
bring the bubble in tho azimuth level to the 
middle of its run by means of tto antagonistic 
screws (e, c) at tho en l of the clipping arm. 
Now set the zero diameter of the vertioal circle 
to coincide oxaotly with tho zero lin's on the 
vertical vomiors, and clamp it there. Observe 
an ordinary levelling staff 
\ held at os great a distance 
D as it can be distinctly scon, 

JkNX j and take the reading by 

IL^V\\ . the horizontal web. Now 

-*g \\ v release the clamp and 

• v transit the telescopo, and 

again adjust the zero dia- 
meter of the vertioal 

■ ^ \ < ‘‘ rc ^° fc0 7x ‘ ro ^ neB on 
vomiors. Revolve tho 

0 head in azirn ith ono half 

~ ^ turn, bringing tho toloscope 

r ‘ t to its former position, 

j ^ and once m >ro take the 

reading of tho staff. If it 
m not the Ba ®° as pre- 

C<5 ' viously observed, coiroct 

half the error by the 
» jT 8 * ^ \L antagonistic screws at tho 

r ond of the clipping arm 

an ^ ^ ien the °pe ra - 

jjT A tion until all error is by 

n this mottns eliminated. 

'r 1 ^ i When tho adjustment is 

v I complete correct tho azi- 
mu th level by moans of 
tho capstan -headed lock- 
j nuts, so that the bubble 
remains in the middle of 
" , I its run - 

The adjustments re- 
forred to above must bo 
s ^PS\' r carried out with the great- 

DBt care in order to avoid 
ijW 1 ▼ ' j damaging the instrument. 

For example, in operating 

— the capstan -headed nuts, 

theodolite care must be taken to un- 

screw one before attempt- 
ing to screw up the other. Should this pre- 
caution be neglected, the screw heads are apt 
to be wrenched off. The eye-piece should 
not bo taken out of its tube m the field, 
because by so doing the cross hairs are 
exposed to the wind, and if constructed of 
spider webs are easily broken by a sudden 
gust. Where they are constructed of platinum 
wire, or are marked on glass, these precautions 
are unnecessary. 

After the instrument has been used in the 
field, and before being placed in its box, it should 
be carefully wiped over with a duster slightly 
oiled. 
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To be continued 
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THE WHOLE LANGUAGE 
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Illustrated Interpretations of the Terms and Phrases employed, 
with Explanations of Scales, Modes, and Key-signatures. 


By J. CUTHBERT HADDEN 


\Y7B return now for a little to the Stave. If we 
™ were to fill up the whole of our Great Stave 
of 11 lines and 10 spaees, wo should still leave 
unexpressed a very large number of musical 
sounds. Count, for instance, the keys of a piano : 
there are 85 notes in the compass of seven octaves. 
Even human voices take us beyond the limits 
of the Great Stave. How, then, aro the ex- 
treme sounds, high or low, shown in musical 
notation ? They arc expressed on what might 
be called a borrowed stave, borrowed just as 
it is required. Little linos aro added temporarily, 
and on those, or in the spaces so created, the 
required notes are written. So: 


These additions aro called technically Leger 
linen, “ leger ” being simply the French word for 
“ Kght.” There is no limit to tho addition of 
leger linos, though for convenience, and not too 
greatly to distract tho eye, a series of notos 
which would run much above or much below 
the stave i8 often written an octavo higher or 
lower than the pitch required, and tho direction 
oddod to render the passage an octave lower or 
higher as tho case may be. Thus (b) is less 
troublesome to write than (a), and the effect 
produced is exactly the same. 

(•>_«« _ w 


from the beginning he employs the term Da Capo 
or its abbreviation D.C. In that cose the 
repetition continues until the term Fine, occurs, 
or a Pause mark (^) is seen over a double bar. 
Another way of indicating a repeat is founded 
on various uses of the Italian w r ord Dal Segno 
(from the sign). The “ sign ” may be in the 
form of an § or the initial letters D.S. ; in any 
case tho repeat w ill bo made from the sign, what- 
ever it is. A third method employs dots before 
or after a double bar. Thus : 


Here the first illustration indicates a repetition 
of tho preceding movement ; the second a 
repetition of the following movement. If a 
short passage — say two or three bars — is to be 
repeated, tho term U is (twice) is written over 
tho stave. Very often an alteration has to be 
made of the close of a repeated portion, in which 
case the indication is — 


time. 


E--E . E-SJItl 

Many other spaco-saving devices are met with, 
most of which are best explained to the eye, 
as here : 

Written. simM 


r-gt- 


Tho terra octave ought perhaps to l>e explained 
here. As only seven letters are used in naming 
the lines and spaces of the stave, it is obvious 
that "when one sot of seven is exhausted we must 
begin with another. Tho name-letter with which 
we begin tho second series will of course bo the 
eighth of th© first series, and it is from this 
circumstance that tho term octave (or eighth) 
is derived. The arrangement that any sound 
and its octave shall boar the same name is, as 
Dr. W, H. Cummings observes, in accordance with 
nature, for we find that, although there is a 
difference in pitch or height, yet the two sounds 
(test it on the piano) so accord together that 
they seem to be almost like one sound. 

In the writing of music much space is saved 
by the use of abbreviations, signs for repeats, 
for “ embellishments, 1 * for manner of perform- 
ance, and the like. We will take the Repeats 
first. These are indicated in various ways. If 
the composer wants the performer to repeat 
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Played. 

„ Written. n 


W£ 


Played. 







„ Written. Tremolo. , \ 

^=5FTf==S=l4g= 


r Played. 


-pz*L_pzpri 


The latter example is termed an Arpeggio , 
and means literally after the manner of the harp. 






MUMP 


where the notes of a chord are played quickly 
one after another. 

As regards manner of performance, the Slur 
and the two kinds of Staccato marks are the most 
frequently used of what may be called non- 
notational abbreviations. The slur is a curved 
line drawn over or under a group of notes to 
indicate that they are to be performed in a 
smooth, connected manner, or, in the case of 
a setting of words, that the notes so marked 
are to be sung to one word or syllable : 




i 


Ft=Ffl 


j £ 


risen to • day, Hal * • le • lu 

The term Legato also indicates a smooth style 
of performance, but is generally used os a direc- 
tion for long passages. The slur, unfortunately, 
is made to ao double duty, for it is employed 
also as a tie or bind between two notes on the 
same degree of the stave when the second note 
is to be joined to tho first. When notes are 
to bo sung or played in a crisp, short, discon- 
nected manner, dots and dashes called Staccato 
marks aro introduced — a dot when the note is to 
be robbed of a very slight portion of its legitimate 
time ; a dash when the effect is to be still shorter. 


Among abbreviations which are not strictly 
notational must also be noticed the marks -c; 
and >, which signify, tho first a Crescendo 
(generally written Oe*.). increasing in loudness : 
tho second a Decrescendo {Deeres.), decreasing in 
loudness. The terms themselves and tho signs 
are used indiscriminately. Again, there is the 
mark of emphasis, indicated either by > or a 
placed over the note or chord to be affected. 
A very strong emphasis is expressed by sf or sfz , 
standing for sforzato (forced) ; while a reinforce- 
ment of tone is indicated by rf or rinf ( rinfor - 
zando). The most frequently used of all abbre- 
viated directions affocting the intensity or 
strength of sound are, however, the following : 

/, forte, loud. 
ff, very loud. 

///, as loud as possible. 

mf, mezzo- forte, moderately loud. 

mp, mezzo-piano , moderately soft. 

p, piano, soft. 

pp, very soft. 

ppp, as soft as possible. 

fp, loud, then soft. 

The subject of embellishments would require 
a volume to itself ; and indeed the student who 
desires to master all its details must be left to 
consult Mr. Dannreuther’s M Primer of Ornamen- 
tation ” where the theme is treated exhaustively. 
Here we can notice only the most common forms 
of ornamentation. First comes the Shake, an 
ornament produced by the rapid alternation 
of two consecutive notes (a). The Italian word 
for shake is “ trillo,” and the sign for this em- 
bellishment is simply a contraction of “ trillo ” 


— tr. When the shake is to be prolonged 
through several bars, as at the close of Mendels- 
sohn's Wedding March, a waved line after the 
tr indicates how far the ornament is to continue. 

The shake frequently, though not always, 
ends with a Turn, another omamont representing 
a group of five notes. It exists in two forms, 
tho direct and the indirect. The sign for the 
direot turn is ^ ; for tho indiroct turn ). 
The direot turn begins with the note above the 
one written (6) ; the indireot with tho note 
below (c). A sharp or fiat accompanying the 
sign of the turn show's that tho note above or 
below the written note is to be sharpened or 
Hattened (d). 

The shake and tho turn aro thus expressed 
by signs : other embellishments aro expressed 
by small notes. The ono most frequently mot 
with in older music is the Appoggiatura. The 
term comes from the Italian “ appoggiare,” 
to loan upon ; and this is an omamont which 
“ leans upon ** a principal or accented note. 
It takes half the length of tho note which follows 
it, except when tho prinoipal note is dotted, 
whon it takes two-thirds (e). In modorn music 
it is more usual to write tho appoggiatura in 
the text as a full-sizod noto with its proper value. 
The older composers never did this, and it is 
neoessary to understand oxaotly what they 
meant whon they wrote the small noto. 

Written. (a) 




'4=— 


„ Performed. 


pi 


^ Hi- -g£»g H 

i M f («0 


Written. 

~ © 




I— 



Written, (e) (/) 




Performed, 




^The acciaccatura is the only other small note 
ornament that need be noticed. It is generally 
marked with an oblique line through the head 
of the note, and is always to be sounded as a 
very short note, proceeding immediately to tho 
principal note (/). 

We now take up the subject of scales and 
modes. “ Scale ” is one of the most familiar 
terms in music. The word comes from the Latin 
scala, a ladder. 
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And a ladder the scale, in fact, is : a series of 
notes having a gradual and regular ascent or 
descent, by tones and semitones, from any given 
note to its ootave. In modern music two soales 
only are reoognised — the diatonio and the 
chromatic. The term diatonio, derived from 
Greek words meaning “ through a tone,” suffi- 
ciently indicates the nature of the scale to 
which it in applied, this scale consisting chiefly 
of tones — that is to say, whole tones. Set down 
in notation, taking the major diatonio scale of 
C as a model, it appears thus : 



Here the semitones fall between the 3rd and 4th 
and 7th and 8th degrees, ail the other intervals 
being distant a whole tono from eaoh other. 

This soale of C is of Urn called the “ natural *’ 
scale, booauso it is written without sharps or 
fiats, and because it can be played entirely on 
the white keys of a piano. It is, at any rate, the 
type or model upon which all other major scales 
are formod. Every major scale, beginning on 
whatsoever note, must, like this “ natural ” scale, 
have its semitones between tho 3rd and 4th and 
7th and 8th dogrtM38, with full tones botwoen tho 
remaining degrees. Lot us see, then, how other 
scales aro constructed on this pattern. Say we 
want to rear a scale on the note G. We write it 
so, to In'gin with : 



But wo soe at once that something is wrong, 
for tho socond semitone is l>etween tho 6th and 
7th degrees when it ought to bo botwoen tho 
7th and 8th. Obviously, to oorreot this we must 
raise tho pitch of F by placing a sharp before it, 
so as to mako it a whole tono higher than E and 
consequently a semitone lower than Q. Thus 
we evolve the scale of G major with the semitones 
in the right places : 



Again, suppose wo desire to oommence a soale 
on F : 



Hero it is the first semitone that is misplaced : 
instead of being between the 3rd and 4th, it is 
between the 4th and 5th degrees. To correct 
that error it is necessary to lower tho fourth 
note B by placing a fiat, "before it. Then, once 
more, we haw our scale according to pattern : 



The same procedure applies in the case of major 
soales formed on other notes. A soale on D will 
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require two sharps to set the semitones in order ; 
a scale on E flat, three flats ; a scale on E, four 
sharps, and so on. 

It would be very inconvenient to have to 
write these sharps or flats every time the notes 
requiring them appeared ; hence they are 
written, once for all, at the beginning, j ust after the 
Clef sign. Arranged in this way they are termed 
the Key-signature. They are always placed 
in the order in which their use has been called 
for : in tho case of the sharps, F, C, G, D, A, E, 
and B sharps ; in the case of the flats, B, E, A, 
D, G, C, and F flats. The student must learn 
to toll at once what key any given signature 
represents. With that objeot in view we set 
down here a complete table of all possible 
signatures ; 


C G D A E B F sharp C sharp 



F B flat E flat A flat D flat G flat C flat 



Let it bo added that tho keys of Qf and (JP are 
very seldom usod, being (on keyboard instru- 
ments at least) identical with DP and B, which 
are much more easily written. 

Having thus disposed of the major diatonic 
scale, wo must now consider its relative, the 
minor scale. Here again it is a question of the 
order of tho tones and the semitones. The 
major scale is so called because the interval of 
the third from its first note is major, that is, two 
whole tones and a half tone. Tho minor scale, 
on the other hand — hence its name — has only a 
tono and a semitone between its first and third 
notes. We will make an experiment and write 
a scale of “ natural ” notes, beginning on A : 



Here the distance from A to C is a tone and a 
half, a minor third ; and that is what determines 
the scale. It is a minor scale. It can be sung 
or played with satisfaction to the ear as far as 
the seventh note. Then the ear — the modem ear 
— long accustomed to the ascent by a semitone 
from the seventh to the keynote in major keys, 
seems to demand a similar progression in the 
minor, so that we are obliged to alter the G to 
GJf. Unfortunately, this creates an awkward 
gap of an augmented Becond — a tone and a half — 
between F and GJf ; therefore, to make a 
smoother melodic progression, the sixth note of 
the ascending minor soale is often raised a semi- 
tone ; until, in the end, our original scale of 
44 natural ” notes comes out : 



t 


This is the commonest order of the ascending 
minor scale ; but the other form, with the 
sharpened seventh only, is also used, while the 
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“ natural ” notes series was a great favourite 
with the old Church music composers, who did 
not feel anything of the modem desire for a 
semi tonic leading note to the key. 

In the descending minor scale the form of the 
ascent is generally changed so that only the 
natural notes appear. 



The explanation of this apparent vagiry is 
easy enough. In descending, the need of a 
“ leading note ” is not felt ; and with the seventh 
note standing at its original pitch, a raised sixth 
note is also unnecessary. Nevertheless such 
phrases as these : 





are quite common in classical music. The 
student will find, as his theoretical and practical 
knowledge advances, that the minor scale is 
subject to many whims on the part of composers. 

Return now to the subject of key-signatures. 
We have seen how these signatures are used to 
represent certain major keys. In addition to 
this, they denote also certain minor keys, 
known technically as the “ relatives ” of respec- 
tive major keys. Two keys or scales are said to 
bo relative when they contain the same, or nearly 
the same, notes. Thus, a scale of “ natural ” 
notes begkining and ending on A is “ relative ” 
to the scale of C major. In other words, when 
notes which are natural, sharp, or flat in one key 
are natural, sharp, or flat in another key, they 
are called “ relative.” Here, however, the 
student must remember that such sharps or flats 
as may be used for the 6th and 7th degrees of the 
minor scale are not included in the key-signa- 
ture, but are prefixed to the notes as they occur. 

Strictly speaking, it is incorrect to say that 
“ the keys C major and A minor are relative 
keys because in each all the notes are natural,” 
for in A minor, as generally written, all the 
notes are not natural. So far, however, as the 
key-signature is concerned, the theory of “ rela- 
tive” keys holds good. Every key-signature 
represents not only a certain major key, but also 
its relative minor — the key which stands a minor 
third below the major keynote. Thus, a signature 
of one sharp means either G major or E minor ; 
four flats At? major or F minor. Here is a 
table which will be serviceable to the student in 
this connection : 



B Major 
ft 


Gg Minor 

» 


One more scale has to bo considered, namely, 
the chromatic. A diatonic scale is made up of 
tones and semitones ; a chromatic scale moves 
entirely by semitones. Thus, if you Rit down to 
the piano and sound every key, black and white, 
from one C to the next C, you produce a chro- 
matic scale. In thoory thoro is no difficulty 
about the chromatic scale : in the matter of 
writing it there is considerable difficulty and no 
littlo confusion. Some theorists write it so as to 
mako it notationally the same in descending as 
in ascending, thus : 




- 


r>o G 


With other theorists it takes this form— 




Still others would write the ascending Bt? and the 
descending Fg here as Ag and ( it?. For facility in 
performing, perhaps tho form of ascent, by sharps 
and descent by Hats is to be preferred ; but the 
other forms are more scientific and bettor suited 
for harmonic purposes. This, however, is a 
point which can bo appreciated only by advanced 
students. 

In order to facilitate reference to tho respective 
degrees of tho scale apart from the pitch, the 
following technical names are in use; 

1st degree . . . . Tonic or Keynote. 

2nd „ . . . . Supertonio. 

3rd „ . . . . Mediant. 

4th „ . . . . Sub Jominant. 

5th „ . . . . Dominant. 

6th „ . . . . Submediant or Super- 

dominant. 

7th . . . . . Leading note or Sub- 

tonic. 

These terms find their most frequent use in the 
study of harmony, for whioh purpose they must 
be carefully committed to memory. 

So far we have familiarised ourselves with 
three intervals only — the tone, the semitone, and 
the octave. We are now prepared to look at the 
subject of intervals in more detail. It is hardly 
necessary to give a definition of the term interval, 
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which is readily described as the distance from 
one note to another. Intervals are generally 
reckoned upwards, and are named by the number 
of scale sounds they contain, the extremes being 
included in the reckoning. Thus, from C to F is 
a fourth, because four notes are involved ; from 
D to A is a fifth, because five notes are involved ; 
and so cm. The numeral of any interval is thus 

S uite easily ascertained. But we must go farther 
lan this. One third (C to E, for example) may 
cover four semitones, while another third (say, 
D to F) covers only three. It is this distinction 
which leads to the use of the terms major and 
minor (greater and lesser), perfect and imperfect, 
as applied to intervals. The seconds, thirds, 
sixths and sevenths are known as major and 
minor ; the fourths and fifths as perfect and 
imperfect. In the following table the number 
of semitones of which each interval is made up 
is given. As Stainer says, it is quite unnecessary 
to ooromit to memory the number of semitones 
contained in all the possible intervals. 

Table of Diatonic Intervals. 

Minor second 1 semitone. 

Major second 2 semitones. 

Minor third . . 3 »» 

Major third 4 

Perfect fourth . . 5 

Pluperfect (or augment? I) fourth 0 
Imperfoct (or diminished) fifth . . 6 

Perfect fifth 7 

Minor sixth 8 

Major sixth . . 9 

Minor seventh .. .. ..10 

Major seventh . . . . ..11 

Perfect octave .12 

Minor ninth . . . . 13 

Major ninth 14 

No interval is reckoned beyond a ninth, 
which is indoed itself, regarded as a compound 
second. With this exception, intervals whioh 
exceed the octave are generally regarded as 
replicates of those that do not. In the case of 
the pluperfect fourth and the imperfect fifth, 
one or two points have to be observed. Both 
intervals contain six semitones, but in the one 
case four and in the other case five scale letters 
are involved ; 

Pluperfect 4th. Imperfect 6th. 


Suppose we take from the chromatic scale these 
two pairs of notes: 



The pluperfect fourth covers three whole tones, 
for whioh reason it is sometimes oalled the 
tritone. Only one pluperfect fourth and one 
imperfeot fifth are found in the diatonic scale, 
the first always on the subdominant and the 
second always on the leading-note. For this 
reason they have their own peculiar names. 

All these intervals are known as diatonic 
intervals because they occur in the unaltered 
diatonic scale. But just as we have our chro- 
matic scale, so we have our chrom&tio intervals. 


It is clear that neither pair belongs to any 
diatonic scale. The first is greater, by one 
semitone, than a major sixth ; the second is less, 
again by one semitone, than a minor sixth. 
Therefore both must be chromatic intervals: 
they oannot be traoed to any key. In short, a 
ohromatio interval is an interval not found in 
the diatonic scale. Such intervals are of two 
kinds — augmented and diminished. These terms 
are self-explanatory, the intervals to which 
they are applied being augmentations and 
diminutions of diatonio intervals. When the 
interval is greater by a chromatic semitone than 
the major or perfect interval it is called aug- 
mented ; when it is less by a chromatic semitone 
than the minor interval it is oalled diminished. 

Students are at first apt to confound aug- 
mented seconds with minor thirds, augmented 
fifths with minor sixths, etc., these having the 
same number of semitones between them respec- 
tively. The error is easily avoided by counting 
the stave letters whioh are involved. Thus, A to 
C must always be a third, because three letters 
(A, B, C) are involved. The augmented second, 
A to B{{, contains the same number of semitones 
(three), but only two letters are involved. We 
may sharpen or flatten one or both notes of an 
interval, out the process can never alter the 
number of degrees in the interval ; only the 
quality of the interval is affected. It must be 
admitted that a good deal of practice is required 
in order to attain the ready naming of intervals, 
but practice will assuredly bring perfection. 

Reading Music. It has been said that 
a musician ought to be able to “ read ” nota- 
tion as one reads a book. The process is hardly 
analogous; for the musician has usually tocon vert 
his reading into practice — a singer by hiB voice, a 
player by his fingers — whereas the book-reader 
has only to allow the impression of the words to 
act automatically on his brain. But undoubtedly 
faoility in the reading of his notation is a great 
point with the musician. It is only to be 
aoquired by much practice ; in particular by 
constant and systematic reading “ at sight/’ 
In taking up a piece, always look oarefully at the 
key and time signatures. Be sure of your 
“ Boale of what notes are sharp or flat. 
Remember the transitions to other keys that are 
most likely to occur. If you are a singer, it is 
beet to read by the movable Doh ; that is, find 
out on what line or space the Doh (or keynote) is, 
and then calculate the other intervals according j. 
Vocal reading without reference to the key 
relationship of the tones is at best a tedious and 
uncertain method, to be acquired indeed only by 
exceptional persons. To the player a practical 
knowledge of harmony is of inestimable value 
in the “ reading ” of music. 


To bt continued 
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Group 3 THE MARVELS OF THE CELL OF LIFE 

BIOLOGY 

The Vegetable Kingdom. The Essential Unities and Differences 
2 of all Forms of Living Matter. Nature’s Economy of Energy 

By Dr. GERALD LEIGHTON 


CVEX the most superficial observer cannot 
fail to be struck with the immense variety 
of creatures amongst the Invertebrates, and 
also with the fact that some groups have very 
little in common with others. There is no 
common plan of structure or type as was seen 
in the five Vertebrate groups/ On the other 
hand, each group of Invertebrates is on the 
same footing as the whole Vertebrate group, for 
each has its own type of growth. No two 
animals could be more unlike each other than a 
star-fish and a tape-worm, or an oyster and a 
flea. To emphasise the existence of these w ide 
divergences is our present purpose, preparatory 
to enquiring into their mode of origin: more 
detailed information concerning their structure 
and life-history will be found in the Natural 
History section of this work. 

Animals and Plants. Having taken 
this brief survey of the animal world, we may 
turn our attention for a moment to the other 
great division of living matter, the vegetable 
kingdom, and see wherein lies the distinction 
between animals and plants. 

The science of Life, Biology, is concerned 
with all living things, whether they he plant 
or animal, and deals with every possible point 
of view. It is only concerned with inanimate 
matter in so far as minerals are concerned in 
building up animal or plant bodies, or in the 
study of mineral bodies or fossils of plants and 
animals. The non-living objects in the Mineral 
Kingdom all show the following characters: 
Their chemical composition is relatively simple, 
being either a single element like gold, or simple 
compounds of two or three elements, as common 
salt. When unraixed , all mineral bodies are com- 
posed of similar particles, that is, they arc 
homogeneous. In form and shape they are either 
indefinite {amorphous), or crystalline ; in the 
latter case the shapes are made of plane surfaces 
and straight lines. If they show any increase in 
size, as, for example, some crystals, the increase 
is due to simple accretion of matter, and not to 
any true process of growth in the ordinary sense. 
Finally, all minerals agree in this, that all their 
phenomena are physical or chemical purely, and 
there is no tendency to periodic changes of any 
sort whatever, such a a characterise living tissues. 
It follows that the study of non living matter 
is embraced in the sciences of Physics, Chemistry, 
and Mineralogy. 

Five Character* of Living Matter. 

If we compare these r ion-living objects with 
animate matter, wo find that there are a number 
of poipts in which aJi living things, both plant 
ana animal, differ from them and have in 


common with cat'll other. To begin with, the 
chemistry of living matter is that of compara- 
tively few chemical elements, of which carbon , 
hydrogen , nitrogen and oxygen are the most 
important These four elements are combined 
to form what are termed complex organic com- 
pounds, all of which contain a considerable pro- 
portion of water, and are easily decomposed. 
Next, all living tissues aro largely composed of 
the Bubstance called protoplasm, a substance 
which is in itself homogenoous, but which has 
the capacity by its growth of giving rise to 
heterogeneous tissues adapted for various func- 
tions ; in other words, it con grow into different 
organa. Whether it thus grows or not, all the 
phenomena of Life are bound up in this proto- 
plasm. Thirdly, as has boon already inferred, 
living things are able to grow in the true sense 
of that term. That is to say, they can take 
into themselves matter from without, and so 
act upon it that it becomes part and parcel of 
their own living selves. This process is termed 
assimilation . Next, in contrast to the fixod 
stability of minerals, living tissues aro in a 
constant state of change ; indeed, it is thiB 
never-ceasing change which results in the cycle 
of alterations constituting Life. 

Finally, and most characteristically, all living 
cells or bodies have the marvellous power of 
detaching or setting aside portions of them- 
selves which, under favourable conditions of 
nutrition and environment, aro capable of 
developing into cells or bodies similar to 
those from which they wore separated. In 
a word, living ccLls possess the power of Repro- 
duction. 

The Physical Basis of Life. Every 
object which exhibits these five characters is 
cither a plant or an animal ; it is alive, and it 
has its life in virtue of being composed largely of 
protoplasm. It is for this reason that proto- 
plasm is termed the physical basis of life, and 
this makos it a matter of importance to study 
the characters of protoplasm a little more 
closely. 

The relation of protoplasm to the structure of 
the individual cell will bo found fully dealt with 
in the section of this work devoted to Physio- 
logy. We wish at this point to draw attention 
merely to the fact that three great living charao 
ters are bound up with this substance. They 
may be termed the essential vital phenomena. 

The first of these phenomena is that of M eta - 
holism. Protoplasm is a very unstable sub- 
stance, because of its chemical complexity and 
its large proportion of water. It is therefore 
constantly being destroyed and as constantly 
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renewed. The processes concerned are those of 
metabolism. When destructive and construc- 
tive metabolic processes balance each other the 
living organism remains stationary: this is 
characteristic of the mature organism. If assimi- 
lation is in excess of destruction growth ensues, 
if destruction is in excess of assimilation theliving 
matter becomes less and death finally follows. 

The second phenomenon associated with proto- 
plasm is Irritability , or the power of responding 
to external and internal impressions, or stimuli. 
It is in virtue of this power that living matter 
is enabled to bring itself into relation with the 
world around it. The result of the irritability 
is seen in tho power of movement or possessing 
sensation. In tho higher animals special parts 
are set aside to receive these stimuli , ana the 
animal is conscious of tho impressions. This 
consciousness of an impression cannot be 
definitely said to exist in tho lowest forms of 
life, but, on the other hand, neither can its exis- 
tence bo absolutely denied. The difference is 
only one of degree, not of kind. 

Thirdly, living protoplasm, alone of all sub- 
stances, is capable of Reproduction , of detaching 
parts of itself enabled to live independently as 
separate individuals. 

The WorK of a Single Cell. Hero 
we como face to face with one of the most 
wonderful facts of Biology, namely, that all the 
functions which are necessary in order to con- 
stitute a living thing can bo carried out by one 
single coll. Tho processes of nutritive meta- 
bolism resulting in growth, the manifestation of 
irritability in response to stimuli from without 
or wii bin, and, finally, the power of reproduction, 
can all tie soon in one minute Bimple mass of 
protoplasm, which because of these capacities 
is a living entity. Moreover, in the simplest of 
these unicellular organisms, whether they be 
regarded as plant or animal, any part of the 
protoplasm can perform any one of those func- 
tions. At one moment assimilation of nourish- 
ment is going on, at another moment a process 
of protoplasm called a pseudopodium is thrown 
out in response to some stimulus, and at a later 
stage this same protoplasm may be seen to 
detach itself from the mass and begin a separate 
individual exist once capable as was the whole 
mass of all these functions. 

All this is true of animal and 
plasm alike, and if )he question 
does a plant differ from on animal ? ” it follows 
that the distinction must be a somewhat artificial 
one, sinoe the essential vital phenomena in both 
are identical. It is simple enough to tell a 
higher animal from a plant by reason of the 
possession by the animal of organs for locomo- 
tion and sensation, and because higher animals 
have a definite internal cavity for the reception 
and digestion of food. There is a definite 
difference in their structure. But the simplest 
one-oelled animals and the lowest plants exhibit 
no essential difference in structure, and they 
can only be separated by the different ways in 
which they live their life, in other words, by 
differences in function . 
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Unity of Essentials. It is true that 
there is to a certain extent a chemical difference 
to be found between animal and vegetable cells, 
albuminoids being characteristic of animal cells, 
while cellulose, starch and gum occur more in 
the vegetable. Chlorophyll , the green colouring 
matter of plants, is very characteristic — in foot, 
any cell wnich has a covering of cellulose and 
contains chlorophyll within it is regarded as 
almost certainly vegetable. But the difficulty 
arises that both of these so-called characteristic 
vegetable substances are found in animals. 
Cellulose occurs in the covering of Sea-squirts, 
and a number of the lower fresh-waler animals 
contain chlorophyll. It is also true that animals 
and plants agree in essentials as regards their 
methods of reproduction, and also in the way 
in which they exhibit relationship to the sur- 
rounding world. Not necessarily in detail, but 
in essentials. Organs of locomotion and organs 
of special sensation are, of course, more obviously 

resent and more highly developed in animals, 

ut it is a difference of degreo merely, not of 
kind, and in the lowest animals and plants the 
difference is imperceptible. 

But when wo come to study the nature of the 
processes of nutrition in plants and animals we 
find there some real distinctions. 

The Life-power of Plants. “Plants, 
as a whole, differ from animals in possessing the 
power of converting certain of the inorganic sub- 
stances which occur, independently of life, in tho 
earth and its atmosphere into tho more complex 
organic substances which are found in living 
beings only. The food of plants consists of 
carbon dioxide (carbonic acid), ammonia, water, 
and certain mineral salts, those being, all of 
them, materials which occur in nature inde- 
pendently of life. As the materials composing 
the food of plants are all gaseous or liquid, or 
occur in solution in water, plants require no 
special aperture for the taking in (ingestion) of 
their nourishment. Out of these stable in- 
organic compounds the plant has the power of 
building up protoplasm and the other unstable 
organic compounds of which its tissues are 
composed. More especially, plants possess the 
power, denied to all undoubted animals, of 
breaking up or decomposing carbon dioxide, 
retaining the carbon of the same, and setting 
free the oxygen. For the exercise of this 
power, however, two conditions are requisite, 
viz,, the presence of sunlight and the ex- 
istence in the plant-tissues of chlorophyll ” 
(Nicholson). 

“ Animals, in foot, differ from plants in 
requiring as food complex organic bodies, which 
they ultimately reduce to very much simpler 
inorganio bodies. The nutrition of animals is a 
process of oxidation or burning, and consists 
essentially in the conversion of the energy of the 
food into vital work, this conversion being 
effeoted by the passage of the food into living 
tissue. 

“ Plants, therefore, are the great manufac- 
turers in Nature ; animals are the great con- 
sumers. 


vegetable proto- 
be asked, f ‘How 
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“The Fungi are, however, economically 
speaking, animals. There are also various 
carnivorous plan s (the Sun-Dew, Venus's Fly- 
Trap, etc.), which are genuine plants in so far 
-hat they can decompose carbon dioxide, and 
build up starch, but which, nevertheless, have 
the power of digesting and absorbing ready- 
made organic materials in precisely the same 
way as animals do ” (Nicholson). 

Breathing. As regards the process, or 
function, of respiration it is essentially the same 
in all living tissyes, plant or animal, but the two 
groups react differently upon the atmosphere. 
Both add carbon dioxide to the air as the result 
of breathing — animals by exhaling this gas into 
the air or wat er. In plants, however, respiration 
is much less energetic, and the carbon dioxide, 
as a result, much less in amount : and not only 
so, but this substance is actually employed by 
the plant as food. “ Hence, during the day- 
time, the green 
parts of plants 
are constantly 
exhaling oxy- 
gen gas into 
the at mo - F 
sphere, tho 
evolution of 
carbon dioxide 
being masked 
or neutralised 
by the process 
of digestion. 

There is thus 
maintained an 
approximate 
uniformity in 
the amount of 
carbon dioxide 
present in the 
atmosphere. 

Animals, by 
their respira- 
tion, ana by 
the decompo- 
sition of their 
bodies after 
death, are con- 
stantly adding 
carbon dioxide to the atmosphere, and at the 
same time are incessantly abstracting oxygen. 
Plants, on the other hand, during the day- 
time cons antly remove carbon dioxide from 
the atmosphere, and add oxygen to it. Hence 
a balance is kept up, the members of each great 
division of living beings adding to the atmo- 
sphere the ingredients necessary to the life of the 
o.her ” (Nicholson). 

We are thus brought face to face with one 
of the most marvellous facts of biology, 
a fundamental principle which it is neces- 
sary to clearly understand at the very outset. 
It is Nature's unique plan of economising 
the energy of life, and the more its details 
are studied the more wonderful does it seem. 
Professor Ainsworth Davis's diagram, which 
we reproduce, is as simple as it is instruc- 
tive [3]. 


Dormant Life. So the active life of the 
world goes on, one process waiting upon another, 
every part of the complicated machinery doing 
its appointed piece of work. But even this is 
not all tho marvel. In addition to the phenomena 
of active life, we find that there is a condition 
of cells which may be termed Dormant Lift , 
in which it is impossible to say whether 
the cells are alive or dead, except that 
under certain conditions they manifest the 
phenomena associated with the active phase of 
existence. This dormant life is seen in the seeds 
of plants, and in the eggs of animals. In the 
cells composing these thoro is protoplasm, but 
no external manifestation of vitality, and under 
certain circumstances this absence of the evidence 
of life may persist for a very long period. In 
other words, certain environments are indis- 
pensable ; they form the condit ions of act ivo life. 

If these conditions are satislied, the seed, or 
egg, passes from a state of dormant vitality into 
one of active existence. Indeed, lifo itself, even 
in the dormant Rtate, demands some of these 
conditions sooner or later. Thus the presence 
of atmospheric air (or, rather, of free oxygen) 

is in an or- 
dinary way 
essential to 
active life. 
Tho higher 
manifestations 
of vitality, 
again, are only 
possible lie- 
t ween certain 
limited range's 
of tempera- 
ture, varying 
from near tho 
freezing point 
to about 120 J 
Fnhr. Water, 
again, isoRsen- 
t ial t o t ho 
carrying on ol 
vital processes 
of all kinds. 
Henno the 
mere drying of 
an animal or plant will, in most cam's, kill it 
outright, and will always sus)>cnd all visible 
vital phenomena. 

Organised Life. Lastly, the great majo- 
rity of living beings are organined, — that is 
to say, they are composed of different parts or 
organs, which hold certain relations with one 
another, and which discharge different functions. 
It is not the case, however, that organisation 
is a necessary accompaniment of vitality, 
or that all living beings are organised. 
Many of the lower forms of life exhibit 
absolutely no visible structure, and cannot, 
therefore, be said to be “ organised.” Animals 
are organised, or possess structure, because they 
are alive ; they do not live because they are 
organised. 

It follows from this statement that some 
living things have absolutely no visible structure 
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3. THE RELATION OF PLANT AND ANIMAL LIFE 


Arrows indicate the taking in or giving out of substance*. Both green plant and 
animal take in oxygen [(>] and give out carbon dioxide [C0 2 J in respiration (/fl 
The animal feeds on plants, and by nitrogenous excretion and ultimate death 
adds to the store of organic matter in the soil. The green plant in feeding f A'] 
takes in carbon dioxide IC0 V »1 from the air, returning oxygen [OJ, and also takes 
up water with dissolved salts from the soil ; its dead parts contribute to the 
organic matter iu the soil. The groups of bacteria produce ammonia 

comiMMinds, converting these into nitrites, and these again into nitrates. The 
bacteria (7 j 4J. and the tuberclefungi fix the free nitrogen [A ] of the air, with 
production of nitrates. The bacteria [fiflj, in absence of oxygen, decompose 
organic matter with 1 deration of free nitrogen [A r J. 



•—that all the function* necessary to life, 
namely, nutrition, growth, reproduction, and 
function* of relation, can be carried out by 
one tingle cell, and thit it one of the most 
marvellous facts in biology. Moreover, any part 
of that cell may be able to perform any one of 
these vital functions, or even all of them at 
different times. In a word, there is as yet in 
these simple forms of living matter no such 
thin£ as Specialisation of Function* which we 
see m higher forms. This is a point of very 
great importance and interest, because it is in 
the setting apart of special cells or parts of a 
cell for special work that is seen the first sign 
of the great process of evolution which ends in 
the characters of complicated and highly intelli- 
gent beings. 

Vital Functions. A good example of a 
living creature performing all the vital functions 
in one single cell, each part of that coll acting 
with perfect indifference as a nutritive organ, a 
reproductive organ, or an organ of relation, is 
seen in the unicellular Amaha. Here no par- 
ticular part of the protoplasm is set apart for 
any special work, there is no organisation 
and no specialisation of function. If an 
Amoeba be watched under the microscope it will 
be observed to wrap itself around any minute 
particles whioh it encounters, by way of taking 
m nutrimont. A little later tne same proto- 
plasm which absorbed the food particle will 
throw out a finger-like process (a pseudopodium) 
as a feeler, thus acting as an organ of relation. 
Still later, the same protoplasm actually divides 
itself into two, producing two complete in- 
dividuals by a simple process of fission, or 
perhaps by throwing out a bud, whioh separates 
itself from the largor mass and floats off as a 
separate individual. Here the same protoplasm 
which had already manifested its power as an 
organ of nutrition and as one of relation now 
shows that it is also capable of performing the 
part of a reproductive organ. 

Immortal Life. Now comes a great and 
wonderful thought. Since the original individual 
is by its division converted into two new indi- 
viduals, it follows that in the history of a 
creature suoli as an amoeba death is not a neces- 
sary phenomenon. In fact, we may truly say 
that an amoeba is immortal. Its own protoplasm 
becomes that of its progeny by aireot con- 
version of the parent into offspring. The 
parent is not everlasting, but it may be, and 
often is, deathless and in a real sense immortal. 
Besides all this, if we watched our amoeba still 
further, we might observe it throwing out from 
its interior some particle frhich could not be 
assimilated, in otner words, performing the 
function of exoretion. By means of changing 
Us shape and its pseudopodia it will move about ; 
it has the power of locomotion, and, as is seen 
by its withdrawal from an irritating point, it 
possesses in some rudimentary degix*e what in 
higher foras we term sensation. This is the 
earliest sign of anything in the shape of con- 
sciousness that can be discovered. It cannot 
be asserted that a single cell has aotually what 
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we understand by that term, but, on the other 
hand, it cannot be denied. 

So by the study of one of these simple Protozoa 
we find that every function which we recognise 
as necessary to Life can be performed by one 
single cell without any organisation or specialisa- 
tion of its parts. We shall see later now this 
simple method of living becomes more com- 
plicated in higher forms, and how functions 
oeoome separated from one another for the 
greater perfection and evolution of living things. 

The Study of Living Beings. It is 

necessary now, in order that we may pick up 
all the threads of our subject in such a way 
that when put together they may form an 
intelligible whole, to ask ourselves, before pro- 
ceeding further, from what aspects we can study 
living beings. 

It is quite obvious from what has already 
been said, that every living being, whether 
animal or plant, can be studied from various 
points of view, each point of view constituting a 
special branch of biological research. We have 
traced our single oell until we find it is about 
to introduce us to more complicated beings, 
consisting of many colls with different functions, 
and before we are ready to enter upon that 
study, we must be quite clear about all that is 
involved in it The question is : What are the 
various aspects in which a living being must be 
studied in order to see its life as a whole ? 

In order to answer this question, let the reader 
make use of the imagination, and picture to 
himself the position ho would be in supposing 
he were fortunate enough to discover a new 
species of animal. The duty then devolves upon 
him of drawing up a description of his discovery 
in such a way that his readers may have a com- 
plete idea of its nature. He will probably find 
that the task of fully describing any one animal 
is quite beyond his powers. But we may suppose, 
for the purpose of our illustration, that the 
discoverer was competent to describe his dis- 
covery from every point of view. How would 
he do it ? From what aspects can he approach 
the study of this creature in order to describe it 
fully T Some of these aspects are obvious. 
For example, he would state at the outset of 
his account what sort of creature he had found. 
His title would convey this much. His treatise 
would be headed “ Discovery of a New Mammal*' 
or “ A New Species of Slug from Patagonia,” 
or something similarly descriptive. If the 
latter title were the case in point, we see that 
we are introduced at once to two distinct aspects 
of the life of the new species. One is conveyed 
in the statement that it is a slug, the other in 
that it was found in “ Patagonia.” 

Aspects of Study. How does the writer 
know that this new species is a slug ? He can 
have arrived at that conclusion in only one way 
with certainty, namely, by studying the struc- 
ture of the creature ana finding that it was 
built up on the same lines as a number of other 
forms with which he was familiar and which were 
called Slugs . He has called it a slug on acoount 
of its Morphology, and from that aspect alone. 
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This aspect of study includes the general form 
and appearance of the animal, its shape, colour, 
possession of limbs, wings, fins, and other obvious 
external structures, or the absence of these. It 
includes in addition the study of the internal 
parts by means of dissection, and if necessary the 
study of the whole creature, or part of it, under 
the microscope. By such a study is determined 
the plan upon which the creature is built, and 
from its result the creature is placed among the 
mammals, birds, fish, molluscs, or wherever its 
place is. 

But then, this creature with the structure of a 
slug was found in Patagonia. That is a state- 
ment which concerns its life-history from an 
entirely different aspect, namely, that of its 
Geographical Distribution , as far as it is known. 
It includes the investigation of the area which 
the species now inhabits and the conditions of 
its existence in those places. 

The Life»hiatory of a Slug. Passing 
from the two aspects of study suggested by the 
title of the treatise, the writer would then turn 
- his attention to a number of other points of 
view. He would endeavour or observe and 
record how the animal lives its life, adap'.s 
itself to its surroundings, and discharges all its 
functions. This is an immense subject, con- 
cerning which we have already said something 
in the preceding pages. It is the aspect of 
Physiology , and it divides itself into the study 
of the three functions of nutrition, reproduction, 
and those directed to bringing the animal into 
relation with the world around it, as before 
indicated. There is much more involved in this 
aspect of life than at first sight appears, and as 
it is dealt with fully elsewhere we need refer no 
further to it here. 

But these three aspects of description, though 
they would involve much labour, by no means 
exhaust the matter. Further investigation 
might lead to the discovery of the fact that 
this creature, though now so rare and restricted, 
was at one time of the world’s history a much 
more common animal. If, instead of a slug the 
new species had been an animal with a bony 
skeleton, fossils might be found of the same 
character, which would indicate that Time had 
plaved a part in the life-history of the species, 
and this aspect of study, that of the past and 
present distribution of similar forms of life, is 
termed Palaeontology, and presents some most 
interesting problems and no less interesting 
results. Thus a fourth aspect is described. 

Specific Characters. But one aspect is 
no sooner dealt with than another claims atten- 
tion. What is it that makes this animal different 
from all others, justifying its being regarded as a 
form new to science? It is a slug, but different 
from all the other slugs known to exist. What 
characters has it which are peculiar to itself ? 
Some of its structures are common to all slugs 
and to some other animals, but there are some 
which no other animal possesses, and it is on 
account of these that the new dtoovery is re- 


cognised as a new species. This is the aspect 
of specific characters, by means of which the 
organism is classified. 

Then there is a special study of the various 
changes in form and function through which an 
organism passes before it reaches maturity, a 
study which is partly of structure, partly of 
function, but which is now so large a science that 
it is taken up as a branch by itself, namely, that 
of Embryology . 

Evolution. Finally, there is still one 
other point of view, perhaps the most inter- 
esting of all, a point of view which does not 
concern the living being as an individual, but 
which devotes attention to the investigation of 
the origin and history of groups of similar 
individuals, such groups as are termed species. 
It is a more or less philosophical aspect, one 
which studies the connection of one kind of 
animal with another, their relationships as well 
os their origin, their association as well os their 
probable destiny in the future. 

This is the point of view of Evolution, the 
most fascinating portion of the whole of biology, 
largely a theoretical as well as a practical study. 
Evolution differs from other aspects of biology 
in this especially, that it takes no note of tne 
individual, it refers entirely to groups ; we do 
not speak of the evolution of a man, but of man 
— not of a horse, but of the horse, regarding men 
and horses os species of animals. 

We see, therefore, that there are moro aspects 
of the life of an animal than would at first sight 
appear, and a complete description must take 
up all these. It is practically impossible for any 
one man to make himself familiar with all that 
is known of all these aspects, oven in relation to 
a very few animals. Each aspect is a study so 
far-reaching in itself that one of them is more 
than most students can learn thoroughly. 

Seven Aspect* of an Animal. The 

point is this, that it is of importance in de- 
scribing an animal to remember that all these 
aspects must be considered before a completo 
description has been given. Of them all, tho 
two most important from the standpoint of the 
ordinary reader are the aspects of structure and 
function, morphology and physiology ; hence it 
is to these that we shall pay special attention 
here. 

Summarising this, we see, therefore, that in 
order to give a fully complete description of an 
animal, the creature must be dealt with from 
the standpoint of its 

Morphology or Structure, 

Physiology or Functions, 

Geographical Distribution, 
Palaeontology, 

Classification, 

Embryology, 
and Evolution. 

We shall see later that Physical and Mental 
Evolution proceed along similar lines, and must 
be studied by means of similar scientific methods. 


To be continued 
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DRAWING 

o A First Lesson in Object Drawing. Measuring. Light and Shade. First 

Principles of Perspective. Instruments in Practical Geometrical Drawing 

By WILLIAM R. COPE 


Mode! or Object Drawing. When a 
person wishes to make a drawing of any real 
object, ho has many difficulties confronting him, 
which he did not have in freehand from the flat 
copy. Ho has now to give the representation 
of an object in the “ round,** on a flat surface 
of paper or canvas. Therefore his perceptive 
faculties will need still further careful guidance 
with reference to how to set an object, whether it 
bo it* apparent form, tone, or colour. 

At present we shall deal chiefly with the 
apparent form, leaving tone and colour until the 
student is more advancod. It will bo noticed 
that we have spoken of the apjsirent form of 
an object, and this is the first great stumbling- 
block to all beginners in object drawing. They 
so very often draw the real instead of the appa- 
rent shapes, and then cannot understand why 
their drawing does not appear like the object. 
There are so many optical illusions wnth regard 
to the appearance of an object, that, without a 
thorough method of explanation of how to see , 
the student is bewildered and sometimes gives 
up in despair. 

Two Important Rules. There are several 
rules which will be helpful, but the two most 
important art' : 

1. Draw the apparent shape of an object, and 
not what you know is the real shape. Occa- 
sionally it happens that the apfxirent is the same 
as the real shape of an object, but still the 
above rule holds good. 

2. In any objects, those edges whioh are really 
parallel to one another, and recede from the 
spectator, always appear to converge to some 
point. 

For explanation of the first rule we will 
take a circular hoop made of thin stiff wire, 
so that we con neglect its thickness. If the 
hoop be placed in a horizontal position on 
a level with the eves, the student will see an 
appearanoo like AB in 17. That is, a straight 
line must be drawn for the representation of a 
circle in such a position. This, to a beginner, is 
incrediblo at first, but he can easily prove that 
the apparent shape of the circle is a straight line, 
by holding horizontally, and on a level with his 
eyes, the straight edge of a ruler between his 
eyes and the object. He will observe that the 
real curve of the hoop appears to lie exactly 
straight and lovel with the edge of the ruler. 

If the hoop be placed still in a horizontal 
position, but this time below the eve level, the 
student will see a shape like the ellipse CFDE 
in 17. Here the distance EF is apparently 
muoh less than CD, but in reality they are equal. 
When the hoop is placed further below the eye, 
and still in a Horizontal position, an ellipse of 
different proportion is seen as indicated in QLHK 
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in 17. Again placed in a horizontal position, 
but above the eye level, an ellipse like MPNO 
w ill be seen. Moreover, if the distance above the 
eye level is just the same as that below, and 
the hoop is exactly the same distance from the 
observer, this ellipse MPNO is the same size in 
every respect as the ellipse CFDE ; but it must 
be remembered that the apparently upper curve 
M ON now represents the nearer part of the loop, 
and MPN the further part, whereas, when below 
the eye level, CFD represents the nearer part, 
and CED the further. 

If the hoop is placed higher still and hori- 
zontally, an ellipse like QTRS will be seen, and 
this will be exactly the same size as QLHK, if 
the respective distances, above, below, and from 
the eye are kept equal in each position. The 
student should also observe that the major axes 
AB, CD, QH, MN , and QR are always the 
same length, at whatever level (writhin the field 
of vision), if the hoop is placed at the same 
distance from the spectator, but the minor axes 
vary in length. The general tendency of all 
beginners is to make these minor axes too long. 

The Cube. We will now take a cube as an 
example for more fully explaining the first rule. 
It is well known that each of its six faces is really 
a square , but it is, of course, quite impossible to 
see all these faces as squares at the same time ; in 
fact, if we use an opaque cube, we cannot see, at 
the same time, more than one face as a square , 
and this only in a particular view. More often 
all the visible faces are nearly, but not quite, 
parallelograms. Look at 18 (which is the correct 
representation in outline of a cube when viewed 
from a particular point), and it will be seen 
that the faces B and C, more especially A, are 
not squares in this representation, for the angles 
are not right angles, the four sides of each 
surface are not equal, nor are certain pairs of 
opposite sides parallel. That is to say, by 
drawing the apparent shapes of really square 
surfaces, we obtain, as far as outline alone can 
give us, the true appearance of the object. 

A real square face may even be represented 
by a line only, as for the top surface of cube in 
19, whioh is the appearance of the cube when 
placed upright, so that its top face is exactly 
level with the eye. In looking at 20. we do not, 
at first, realise that it is the representation of a 
oube, but it is the appearance of it when it is 

e aoed in a vertical position, and the student is 
oking at it so that a straight line drawn from his 
eye to the centre of the visible face of the cube 
would be at right angles to that surface. He 
can thus see only one face of the cube, which 
appears as a square in shape. The student 
Bhould now study other different appearances of 
the cube in various positions, as shown in 21, 22 . 
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«nd SB. The last figure is the appearance of the 
cube in a certain upright position above the eye 
level f * 

It often happens that a short line must be 
drawn for a long edge of an object, and a longer 
one for a short edge. Figures 24, 25, 26 and 27 
are the outline representations of an ordinary 
drawing-board in various positions. In 25 and 
27 jt will be noticed that the long edges, AB and 

oi. the board are drawn shorter than the 
short edges AD and BC. In certain positions 
these different edges may appear equal. 

The eye is so easily deoeived by what we know 
is the real length or size o! an object, that our 
judgment is misled. Therefore we must have 
a means by which we oan prove whether the 
judgment is oorrect or otherwise. The student 
must consistently persevere in first judging 
carefully with the eye alone, and afterwards test 
by measuring with a penoil held between the 
eye and tho object. With regard to the method 
of holding tho penoil for making tests, there are 
one or two important facts to be kept in mind, 
otherwise the test is worse than useless. Tho 
pencil must always bo held at full arm's length, 
and at right angles to a lino drawn from tho eye 
to tho object viewed. 

Measuring an Object. To be convinced 
of the necessity of this, the student should hold 
the pencil as just advised, and measure on 
it the apparent length of some horizontal 
or vertical straight edge, which is at some 
convenient distance from tho eye ; then, re- 
maining at the samo distance from the object, 
lot him bend tho arm a little, so as to bring 
the penoil noaror tho eye, and moasure tho 
same edge again. He will find that its apparent 
length is now shorter than it appeared before. 
Again, lot him bond the arm a little more, thus 
bringing his penoil still nearer to the eye, and 
once more measure the same edge. It will be 
found to appear shorter still. Thus the apparent 
length of the edge, as measured by moans of the 
penoil, varies according to the distance at which 
tho pencil is held from the eye. Therefore if. 
consciously or unconsciously, he holds tho pencil 
at different distances from the eye, when com- 
paring the apparent sizes of objects, he is making 
useless teats at different scales of measurement, 
he has no fixed standard, and is making the 
same kind of mistake as would be mode by 
a person drawing a map of England, and using 
a different scale for each county, commencing 
with Northumberland at the scale of one inch to a 
hundred miles, then Durham at three-quarters 
of an inch to a hundred miles, Yorkshire at half 
an inch to a hundred miles, and so on. The 
map, of course, would bo worse than useless for 
judging tho relative sizes of the counties or 
distance from a town in one county to that in 
another. 

It is vory difficult to judge when the penoil is 
held at a constant distance from the eye when 
the arm is bent, but it is easy to know when 
the arm is at full stretch, and thus a fixed 
standard of scale is easily established for making 
accurate comparison of the relative sizes of 
objects. 


Light and Shads. The light and shade, 
which must necessarily be visible in any object, 
is a frequent cause of deceiving the powers of 
perception. Take a shape as represented in 
28. This appears to be an oblong, and, of 
oourse, is one ; nevertheless, it is also the appa- 
rent shape, in outline, of a circular slab, when 
placed horizontally and on a level with the 
eyes. Beginners, because they know the slab is 
curved at its edges, draw the representation as 
in 29, which is wrong . If 28 is shaded, as shown 
in 80, the roundness is at once noticed, and yet 
the actual outline in 80 is an oblong as in 28. 
Colour, too, will often deceive the eye with 
regard to size. A very light-coloured object 
surrounded by others which are very dark 
seems to the eye at first to be larger than it is 
found to he when tested by measurement with 
the pencil, and, vice versd , a dark one appears 
smaller. To give the representation of certain 
objects in outline alone is sometimes more 
difficult than when rendered by tone and colour, 
but still these difficulties will be overcome if the 
Btudent perseveres with the methods advised 
in this oourse. 

Perspective. When we consider the 
second important rule of object drawing, we are 
brought face to face with the subject of Per- 
spective, tho theory and practice of which is 
almost invariably unknown to beginners in 
drawing. There are many capable artists who 
say that the rules of perspective are bettor left 
alone, but this is often only an excuse for not 
taking the trouble or not having the desire to 
study Perspective. The general principles can 
soon be learnt, and after some practical appli- 
cation of them, ail students would do well to 
go through a good course of study, in which 
they oan learn and practiso tho rules used in 
the linear and aerial perspective of objects with 
tlieir shadows and reflections. It is certainly 
true that those students, who go through such 
a oourse thoroughly, will not only be able to 
make much more accurate judgment of the 
appearance of objects, but will Also know why 
they must be drawn in a particular way in 
order to render a true representation of them. 
We shall confine ourselves to the most essential 
principles of perspective needed by all beginners 
in object drawing. 

Everyone who has seen a railway or tramway, 
especially if it is straight, must have noticed 
that the really parallel metals appear to converge 
as they recede ; see 81, which represents a por- 
tion of a railway. It will be seen how well a 
suggestion of distance is obtained by making 
the lines converge. Now look at 82 (which is 
an incorrect drawing of the same railway) ; here 
we get no suggestion of distance, and the metals, 
etc., seem to be standing on end with the bridge 
placed on top. This apparent convergence is 
true of all parallel edges which recede from the 
observer. Whether they reoede straight away 
in front of him [88], or slant away towards the 
right or left, or even npwards or downwards 
away from him, as long as they are receding , 
they will be observed apparently converging to 
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some point, which % is technically called “ a 
vanishing point.” 

The First Principle of Perspective. 

Thus we deduce the first principle of Per- 
spective — edges which art really parallel to one 
another , ana recede from the spectator , appear 
to vanish to the same poird. In some cases this 
vanishing point is difficult to determine (unless 
the stucient knows tho whole theory of per- 
spective), but all really horizontal edges which 
recwle always have their vanishing point some- 
where on the horizon line. This horizon line is 
always supposed to Is? on a level with tho eye, 
and its position in relation to other objects can 
easily bo determined by holding perfectly 
horizontal, at arm's length, a piece of flat carcf* 
board, so that only its edge is soon. The student 
can then see whero it appears to cut tho objects 
in view, and by careful observation ho will find 
all recoiling parallel edges, which are really 
horizontal, apfioar to converge to some point on 
this horizon line. 

Look at 33, whero tho odges of tho frieze and 
wainscot of the right- and left-hand walls, the 
floor boards, and certain edges of tho door and 
one picture frarao appear to converge? to tho 
point C . V. (i.e. the centro of vision, which is a 
point on tho horizontal lino diroctly opposito 
the spectator’s eye). Tho edges AB, CD, EF, 
OH, of one door of tho window, vanish to the 
left to V.P. 1 ; tho edges JK, LM, NO, PQ , of 
tho other door vanish to the right to V.P. 2 ; 
the long edges of tho table, and the dotted lines 
ad. hr. cm tho floor, vanish to tho right to V.P. 3 
(which is outside tho limits of the picture); the 
short edges of the table and the dotted lines 
ha. cd vanish to tho left to V.P . 4, (which is 
outside tho picture) ; in the lid of tho box tho 
edges VY, 1W, WX, ST, vanish downwards to 
V.P. 5 (below the picture), while the odgos UY , 
RV, lf\ T X, vanish upwards to V.P. C (above 
the picture). It should l>o notiood that roooding 
horizontal odges above the level of the eye 
ap(H?ar to converge downwards , those beloxv 
the eye level upwards to tho horizontal line, 
while those exactly on the eye level, such as 
ef of the largo picture, slant neither up nor 
down. 

Parallel Lines* Particular attention 
should also be given to the representation of 
the edges of the frieze, top and bottom of 
window frame, and wainscot, of further end of 
room, also tho long edges of the box. It will 
be seen they do not conxerge, but are drawn 
perfectly horizontal and parallel, because they 
are not receding from tho spectator. Further, 
upright parallel edges must be represented by 
upright lines, with no convergence for the same 
reason, see all the upright lines in 33. 

Keeping in mmd the very important prin- 
oiples explained in the foregoing paragraphs, 
the student should now make many careful 
observations of objects around him, and 
endeavour to discern the difference between 
their apparent And real forms. He will then be 
well prepared to proceed in drawing some 
simple objects. 


PRACTICAL GEOMETRICAL 
DRAWING 

What Geometry la. The term Geometry, 
which is derived from two Greek words (ge, the 
earth, and metron, a measure) originally signified 
land -measuring ; but it now denotes the science 
of magnitudes in general, with their various 
properties and relations. We shall follow the 
practical side of Geometry, leaving the theoretical 
side to be explained in the lessons on Mathe- 
matics. 

Tho student who possesses a knowledge of 
Euclid will have a powerful aid in understanding 
the principles used in practical geometry, and 
in remembering the methods of construction used 
in t he various problems. We shall bring together 
those problems which depend for their solution 
upon some important geometrical truth, thereby 
not only training the mind to logical deduction, 
but aiding the memory. 

Instrument* Needed. The student 
should always work with the greatest possible 
accuracy and neatness, for, inaccuracy and 
slovenliness will undoubtedly lead to disap- 
pointment and failure. Whatever instruments 
are used Rhould bo of the very best quality, in 
order to avoid errors and vexation. The instru- 
ments need not bo numerous, but the following 
are absolutely essential, and should be used for 
tho purpose mentioned. 

1. A half imperial drawing-board and pins, 
with its adjacent long and short edges perfectly 
perpendicular to one another. 

2. A T-square, which is used for drawing lines 
parallel to the edges of the board [34]. 

3. Two sot squares, having respectively angles 
of 45° and 60°. These are used to obtain per- 
pendiculars and parallels [34]. 

4. A pair of compasses with movable pen and 
|M3noil legs (those with needle points are best, as 
thoy do not make large holes in the paper). 

5. A pair of dividers for measuring. 

6. A mathematical pen for ruling lines i A ink. 

7. Two pencils, one HH for the construction 
lines, and the other HB or F for tho darker lines 
of tho figure. It is best to sharpen them wedge- 
Bhaped, as the points last longer. 

8. The paper may be cartridge for ordinary 
pencil work, but for inked drawings Whatman’s 
or O.W.S. “ hot-pressed ” surfaoe paper is the 
best. 

9. A protractor, either semi-circular or as a 
flat ruler ; see 35, which show’s how one is marked 
from tho other. This is used for measuring 
angles in the following method : Suppose we 
wish to measure an angle of 50° at the point A 
in the lino AB [36]. Place the point C of the 
protractor on the point A , carefully keeping the 
edge of the instrument on the tine AB, ana 
mark a point D opposite the division for 50°, 
remove the protractor and draw a line from D tc 
A, then DAB is the angle required. 

10. A foot ruler, with tenths of an inch 
marked on it, as well as the usual divisions, 
and also centimetres and millimetres. 

11. Some Indian ink (in liquid form is best). 
Ordinary ink corrodes the pens. 
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A DICTIONARY OF ELEMENTARY TERMS IN PLANE GEOMETRY 

d f ,Wuns ref " l “ «>* UEUMLIKY 

A «m*?i£S'® s trlan8le h “ t "° B *! ual a Rhomboid 


An ACUTE ANCLE is less than a right 
angle [44, EFGJ. 

An Acute-angled Triangle has all its 
angles acute [6iJ. 

Adjacent Angles have a common 
vertex and one common arm. In 46, 
the angle ABC is adjacent to ABD. 
Altitude of Triangle. See Triangle. 

An Angle is the inclination of two 
straight lines which meet in a point, 
called the vertex of the angle. 

The Bize of an angle does not depend 
upon the length of the lines forming 
it, but upon their inclination to each 
other. In 42 the angle BAC is the 
same size as the angle DEF. 

The sum of all the angles in any one 
triangle is equal to two right angles, 
or 180°. 

Apex. See Triangle. 

An Arc is any pan [ACB in 641 of the 
circumference of a circle between any 
two points in it. 

Area. Bee Figure. 

BASE. Bee Triangle. 

To bisect means to cut into two equal 
parts. 

CENTRE OF CIRCLE. See Circle. 

A Chord is a straight lino joining any 
two points in the circumference of a 
circle | AB in 641- 

A Circle is a plane figure contained by 
one curved line, which is called the 
circumference, or periphery and 
is such that all struight lines drawn 
from a certain point within the figure 
to the circumference are equal to one 
another. This point [A in 63J is culled 
the centre of the circle, and eaeli of 
the straight lines [e.g. AB, AC, Al), 
AE iu 63] is called a radius of the 
circle. The straight line le.g. CD or 
BE In 631 drawn tlirough the centre 
and terminated at lw»th ends by the 
circumference, is called the diameter, 
which divides the circle Into two 
Semicircles ; and if two diumeLers 


Bides [49 J. 

A LINE has length without breadth, 
and may he represented hv various 
methods, as thick, thin, dotted, or 
Cham lines [38]. 

MULTILATERAL PIQURE8, or 

polygons, are figures contained l*y 
linne than four straight inea ;6 '-62i 
Regular polygons have all their 
sides, equal [61 ami 621, ami irregular 
polygjns have their sides unequal 
[toOu Polygons ars divided into 
c. asses according to the number of 
their sides ; as, the 
pentagon [61 ]. having five sides ; 
hexagon 1^2). having six subs; 
heptagon, having seven sides ; 
ociagon, having eight sides; 
nonagon, having nine sides ; 
decagon, having ten sides ; 
undecagon, having eleven sides; 
duodecagon, having tweb e sides. 

A Median. A line drawn Bout the 
vertex of a triangle to the middle 
point of the opposite side. 

NONAQON, a nine-sided polygon. 

An OBLIQUE LINE Is a line that 

H ants [40 (' and 1>[. 

Oblong. See Rectangle. 

An Obtuse angle is larger than a right 
angle 1 44. UKLj. 

An obtuse-angled triangle has one of 

its tingles obt u*e |62). 

Octagon, an eight-sided polygon. 

An Orthocentre. Thu intersection of 
the perpendiculars from t fie corners 
of a triangle to the opposite Bides. 

PARALLEL LINE9 are such as are in 
the same plane and never meet though 
produced indefinitely, but always re- 
tain a uniform distance apart [41 j. 
Parallelogram. see Quadrilateral 
are drawn perpendicular to each other, figure. 

.lie four parts (CAB, BAD, Pentagon, a five sided figure 


has its opposite sides 
equal, but its mules are not right 
angle* (57j. 

A Rhombus has all its Hide* equal, but 
its angles are not right angles |66J. 

A Right angle. When a straight line 
meets another, bo as to make the 
adjacent angles equal, each of the 
angles l* called a rigid angle, and the 
lines are said to u* perpendicular to 
each other. In 43 the angles ABC 
and ABD are eaeh right angles, and 
the lines AH, ('ll aw each perpendicu- 
lar to the other. It should Ik; observed 
that perpendicular does not mean 
upright or vurticui, but at right an- 
gles to another. 

A hlght-angled Triangle has one of 
its angles a rigid mum. The side 
opposite this rigid angle is the hypo- 
tenuse [AB iu 61 J. 

A SCALENE Triangle lias tl» roc un- 
equal sides [ 60 1 . 

A Sector Is a spuco enclosed by two 
radii of a circle [AB and AC iu 651, 
and the arc DC between them. 

A Segment of a circle is the space eii- 
elosid by an an ami Its rhoid 164 ). 
Semicircle. Hue Circle. 

A square has all its sides equal uml all 
its angles right angles [64|. 

A straight line Is the shortest distance 
between two points. 

A Superficies, or surface. Is extension 
in two directions, and has only length 
and breadth, hut no depth 
The Supplement of on angle I* the 
difference between it and two right 
angles. In 46 the angle ABD Is the 
supplement of the angle ABC, and 
ABC Is the supplement of ABD. 


each of th 
DAE, EAC in 63] of the circle is 
called a quadrant. 

Circumference. See Circle. 

The Complement of an angle Is the 
difference between it and a right 
angle. In 45 the angle ABD is the 
complement of the angle DBC, and 
DBC is the complement of A llD. 

Concentric circles are those which 
have the tame centre but different 
radii [66]. 

A Curved line is a line that 1 b nowhere 
straight 139J. 

DECAGON, a ten-sided polygon. 

Diagonal. See Quadrilateral Figure. 

Diagonal Scale. See 107-109 

Diameter. See Circle. 

Duodecagon, a twelve-sided polygon. 

An EQUILATERAL TRIANGLE has 

three equal sides 148]. 

Extreme and Mean Ratio. Bee 103. 

A FIGURE Is a space enclosed by one 
or more lines or boundaries, as 47- 
65. The sum of all the boundaries is 
called the perimeter, and the space 
within the perimeter la called the 


HEPTAGON, a seven-sided polygon. 
Hexagon, a six-sided polygon. 

A Horizontal line fa perfectly level 

140 Al. 

Hypotenuse. See Right-angled Tri- 
angle. 

IRREGULAR POLYGON*. Bee Mul- 
tilateral figures. 


p erlmeter. See Figure. 

Periphery. See Circle. 

Perpendicular. See Right angle. 

A Plane is a level surface, au<l is such 
that, if any two point* be taken in it, 
the straight line Joining these two 
points lies wholly in that surfuec*. 

A Point has position only, without 
magnitude, and In practice Is usually 
represented by a clot, as in 37. 

Polygons. Bee Multilateral figures. 

A Problem. A proposal to do some- 
thing, such as to solve a question, or 
to draw a figure, as in 86-103. 

A Proposition is that which is offered 
or proposed for adoption or consider- 
ation. Propositions are, In geometry, 
of two kinds, viz., Problems and 
Theorems. 

QUADRANGLE. Bee Quadrilateral 
figure 

Quadrant. See Circle 

A Quadrilateral figure, or quad- 
rangle, is contained by four straight 
lines, os the square, oblong, rhombus, 
and rhomboid [54-57]. If the oppo- 
site sides are parallel, It Is called a 
parallelogram 1 54-57 J. The line 
joining two opposite angles Is the 
diagonal, as AH in 64. 

RADIUS. See Circle. 

A Rectangle, or oblong, has Its oppo- 
site sides equal and ail its angles right 
angles (55]. 

Rectilineal figures are contained by 
straight lines, as 47-62- 

Regular Polygons. 8ee Multi- 
lateral figures. 


A TANGENT |A B In 66 1 is a straight 
line which touches a circle or curve at 
one point [C in 661 but does not out 
the circle or curve when produced. A 
tangent to a circle is at right angles to 
the radius. 

A Theorem. A proposition to lie 

proved by reasoning. 

A Trapezium has none of Its sides 
parallel, but two limy be equal [69]. 

A Trapezoid has only two sides parallel 

168 ]. 

A Triangle i* a figure contained by 
three Hituight lines. The side upon 
which it Htand* Is termed its base ; 
the point where the other two sides 
meet i* it k vertex, or apex; the 
angle at this vertex is the vertical 
angle : and the straight line which is 
drawn from the apex perpendicular to 
the base or the base produced Is called 
the altitude. Thus in 47. if B0 be 
the hose, then A Is the vertex, BAC is 
the vertical angle, aud AD is the 
altitude. Triangles are named, with 
reference to their sides : 

L Equilateral, having three equal 

side* 1483; 

2. Isosceles, hat ing two equal sides 
140] ; 

8 . Scalene, having three unequal 
sides (601: 

With reference to their angles s~ 

1. Right-angled, having one angle 

a right angle [61] ; 

2. Obtuse-angled, having one 

angle obtuse [52] ; 

t Acute-anflfied. having all tt* 
angles acute 163]. 

U N DECAGON, an eleven-sided poly- 
gon. 

The VERTEX of an angle Is the point 
at which the two lines which form the 
angle meet. 

Vertical angle. 8ee Triangle. 

A Vertical line Is upright [40. B). 
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PRACTICAL GEOMETRY : DEFINITIONS OF POINT, LINES, ANGLES, ETC. 






















Group 10 HOW ELECTRIC CURRENTS ARE GENERATED 

ELECTRICITY 

2 Concerning: Electricity. Its Chemical Properties. Conservation and 

Emission of Energy. Quantities of Energy and Energy of Motion 


By Professor SILVANUS THOMPSON 


make electricity of service it must be in 
motion. Our olootric supplies are brought 
to our bouses by oopper wires or mains, as 
currents. 

What precisely electricity is no one yet knows. 
Apparently it is not solid, liquid, or gaseous. 
It is invisible and impondorablo. It appears 
to bo of a nature different from matter. Matter, 
whether solid, liquid, or gaseous, possesses 
different properties when it is in motion from 
those it possesses when standing still. Matter, 
so long as it is at rest, can do no work for us, 
but when moving it possesses available energy. 
Electricity whim at rest is not of the slightest 
use to mankind ; but electricity in motion has 
many uses. 

Generation of Electric Currents. Ap- 
parently oloetrioity itself, whatever it may be, 
is as indeHtruotible os matter. Wo can neither 
croate it nor destroy it. It exists, usually neutral 
and inort, everywhere. But man has discovered 
means of sotting it into motion, and of guiding 
it along conducting wires, and when thoro is 
a movement of oloetrioity along a v ire or around 
a circuit wo deserilio such a flow of electricity 
as an electric current. There are many con- 
trivances for Hotting up or generating oloctric 
currents ; they are known as batteries, dynamos, 
magneto -elec trie machines, thermopiles and the 
like. Nono of them generate or create any 
electricity; what they do is to move some 
electricity which already existed, and set it circu- 
lating in the mains. Electric currents are them- 
selves quite invisible ; we know them only by 
the effects they produoe. For examplo, any 
wire which is conducting an electric current is 
always more or less warmed by the current 
whion it oonveys. If wo notice in our streets 
the placos where electric mains are buriod, we 
shall observe, particularly in winter-time, that 
the ground about them is slightly warmer than 
the rest of the soil. Snow molts soonor there, 
and moisture dries off there more rapidly. If 
a strong eloctrio current is conveyed along a 
thin wire, that wire may be much heated, may 
even booomo red-hot, or bo melted by the current. 
Our glow-lamps are illustrations ol the heating 
effeot of the current on a thin wire. 

Chemical Properties of Electricity. 

Again, the conductor which is convoying a 
current is found to possess magnetio properties, 
which manifest themselves all round the wire as 
long as the ourront is flowing. A common 
magnetio oompass placed over or under a wire 
that is conveying a current — evon without touch- 
ing the wire— will readily show the existence of 
this effect. The poles of the compass-needle 
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are neither attracted nor repelled ; hut the 
effect of the neighbouring current is to tend to 
turn the compass-needle into a direction at right 
angles to that in which the current is flowing. 
Thus, if a current is flowing in a wire that lies 
from N.E. to S.W., and a compass is laid over the 
wire, the current in the wire tries to turn the 
needle so as to make it point in the direction 
lying from S.E. to N.W. 

Again, if an electrio current bo led through 
water by means of wires that lead the current 
into tho water at one side of the containing vessel 
and load it out again at the other side— the two 
wires dipping into the water one at each side — 
it is found that the water will bo chemically 
decomposed ; and by suitable arrangements tho 
constituent gases hydrogon and oxygon can be 
collected. Thus wo see that the electric current 
possesses chemical as well as thermal and mag- 
netic properties. So, if we can provide proper 
means for generating eloctric currents, and guide 
these currents by wires to the place where wo 
wish to use thorn, we can cause them at will to 
produce heating effects— including the emission 
of light from the heated conductor — magnetic 
effects, and chemical effects. 

Theories regarding Electricity. Al- 
though all this has been known for many years, 
and peoplo are handling electric currents every 
day, the precise nature of an eloctric current is 
still unknown. Somo authorities regard it as 
a flow of electricity inside the substance of the 
wire, flowing in one direction only, namely from 
tho part called tho positive terminal to the part 
called the negative terminal. More than twenty - 
five years ago the author gave numerous reasons 
for thinking that the real flow was, however, 
in the opposite direction. Others regard the 
current as consisting of two movements going 
on at the same time, something called positive 
olertricity flowing in one direction along the wire, 
while an equal quantity of something called 
negative electricity flows in the opposite direc- 
tion. 

Another hypothesis is that the current consists 
solely of minute electrical atoms called '* elec- 
trons,” atoms of negative electricity, flowing 
through tho substance, of the copper wire from 
the negative to the positive terminal, that is in 
the opposite direction to that assigned in the 
usual conventions of writers on electricity. It 
is certain that whichever of these conceptions 
is true — and they may all be merely differ- 
ent verbal modes of expressing the actual elec- 
trio movement — the transmission of the energy 
by the current takes place, not inside the 
conducting wire, but in the medium surround- 
ing it. 




Energy of Electricity. And this brings 
as to the all-important question of energy. For 
If the electric current is to transmit or convey 
energy along a wire— even if only to ring a bell — 
there must be some energy imparted to the 
electricity to enable it to perform the work re- 
quired. In other words, before electricity can 
do anything for us, we must set it in motion— wo 
must generate a current. 

In electrical engineering, then, the first 
principle to bo grasped is that of energy. With- 
out the expenditure of energy no useful work 
can be accomplished. All dynamos are but 
machines for converting into electric energy the 
energy which is given to them by some prime- 
mover, a steam-engine, a gas-engine, or a turbine. 
All electric motors are merely machines for re- 
converting the electric energy, which they recoivo 
by means of the conducting wires or mains, into 
mechanical energy. All electric lamps are con- 
trivances for converting into luminous energy 
a percentage of the electric energy that is supplied 
through the mains. All batteries are but little 
chemical apparatus to enable us to convert 
chemical energy into electric energy. 

Conservation and Transformation of 
Energy. One of the greatest intellectual 
triumphs of the nineteenth century was the 
establishment of the doctrine of the conservation 
of energy. Energy can neither be created nor 
destroyed — it is as imperishable as matter. But 
it exists in many different forms in the so-called 
forces of nature, and is capable of being trans- 
formed from one kind to another. The sun 
radiates out to us vast quantities of energy in 
the form of light and heat. Plants and trees in 
their growth appropriate or absorb this energy 
and use it to build up wood out of the chemical 
constituents of air, earth and water, namely, 
carbon, hydrogen and oxygen. Coal is but 
fossilised vegetable matter — a store of energy 
drawn from the sun's light and heat countless 
ages ago. When we bum coal we set loose, in 
the act of chemical combination of the carbon 
and hydrogen in the coal with the oxygen of the 
air, the energy that was stored up in the coal, 
and transform it into the available form of heat. 

When we wind up the weights of a clock we 
expend some of the energy of our muscles, — 
which we derived in turn by eating food— on 
doing this work. We expend the energy, 
but it is not lost ; it is stored up as energy of 
position, or potential energy in the clock, which, 
as the weights descend, gradually expends it 
on driving the movement of the wheels, turning 
the hands, and keeping the pendulum swinging. 
When we wind up our watches we bestow a 
minute quantity of energy on coiling up the 
spring, and so store up enough to keep the 
machinery of the watch going for a day. When- 
ever a movement is forcibly produced against 
some actively opposing force, as when we raise 
a weight by exerting a force against the down- 
ward pull of the earth — which we call gravity — 
or when we coil a spring by exerting force against 
the tendency of the spring to recoil, we spend 
energy. Another way of staring the thing 
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b to say that we oo some work. And, exoept for 
inevitable waste due to friotion and like oauses, 
the work we do in any such aot is exactly 
the equivalent of the energy that we expend in 
doing it. 

The Measurement of WorK. Hence 
it comes about that we may measure energy, or 
express the amount of it, in terms of the equiva- 
lent quantity of work. A convenient unit in 
which to express the amount of work done in an 
operation is the foot-pound. This name is given 
to the amount of work that is done in raising 
a mass of one pound through a height of one foot 
against the downward pull of the earth. A 
pound is heavy only because the earth pulls it. 
If wo could take the lump of iron called ** one 
pound ** to the moon it would there weigh far 
lesj than it does on earth, because tho downward 
pull of the moon — which is a much smaller globe 
than tho earth — would be far less than tho down- 
ward pull of our sphere. And oven at diffciont 
parts of tho earth’s surface the “ weight ” or 
downward pull of a pound differs slightly. A 
pound weighs slightly loss at tho oquator than it 
cl. *38 in London, and as one goo* toward the North 
Polo the weight of the pound — that is, tho down- 
ward pull which it exerts because of the attrac- 
tion of the earth— becomes slightly greater. 
This is becauso the earth is not a perfect sphere. 

For precision, therefore, when wo speak of tho 
weight of a pound we shall mean its weight when 
in tho latitude of London. And by ono foot- 
pound we shall moan that amount of work which 
would bo done by raising a pound through a 
height of ono foot when tho pound is being acted 
on by tho same gravity as that with which it 
is acted on in London. Now, if wo raise two 
pounds ono foot high wo obviously do twico as 
much work as if we raisod only ono pound — 
that is, we do two foot-pounds of work. Or, if 
we raise ono pound two feet high wo do twice 
as much work as if we raised it only ono foot 
high ; that is also two foot-pounds. So if wo 
raise four pounds three feet high (against the 
action of gravity as in London) we do four times 
three, that is, twelve foot-pounds of work. If 
we raise 100 pounds six feet high, or 50 pounds 
12 foot high, or 10 pounds 60 feet high, in each 
case we do six hundred times as much work as 
if we raised one pound one foot high— that is, 
600 foot-pounds of work. 

Quantities of Energy. Now, having 
got a way of expressing quantities of work, we 
can readily express quantities of energy in terms 
of the equivalent amount of work. It is found, 
for example, by experiment — it was the famous 
experiment of Dr. Joule — that in warming 
water the amount of energy that must be spent 
on a pound of water in order to warm it one 
degree (of the centigrade thermometer scale) is 
equivalent to 1,400 foot-pounds of work. It b 
found by experiment also that the quantity of 
energy stored up in a pound of good coal b 
eapaMe, when converted into heat, of warming 
7,400 pounds of water one degree, and b, there- 
fore, equivalent to 7,400 times 1,400 foot-pounds; 
that is, it b equivalent to 10,360,000 foot-pounds 



of work. Again, it is found by experiment that 
m table foot of dry steam at a premie of 180 
pounds to the square inch, and at a tempera- 
ture of 102 degrees (of the centigrade ther- 
mometer scale) represents a store of energy of 
no less than 7,000 foot-pounds, though un- 
fortunately no steam-engines are so perfect as 
to enable us to utilize the whole of this store. 
When the steam expands and cools — as it does 
in the cylinder of the engine or in passing 
through tho blades of the steam turbine — it gives 
up this energy, or a great part of it, and so 
drives the machine. When water falls from a 
height it gives up the potential energy that has 
been put into it when it was raised up. Tho 
sun, by evaporating tho seas and the moisture 
of the earth, raises up water as vapour and then 
deposits it as rain on the mountains. In doing 
so, it does a great deal of work — it winds up our 
waterfalls for us as we wind up the weights of 
our clocks. If a ton of water — that is, 2,240 
pounds — fails down over a cliff 50 feet high it 
loses 50 x 2,240, that is, 112,000 foot-pounds of 
energy. But if we divert the falling water and 
let it fall down a pipe to turn the blades of a 
water- turbine for us, we shall be able to get 
from the turbine a largo percentage — perhaps 
90 per cent, of those 112,000 foot-pounds. 

The Energy of Motion. There is 
another^ species of energy, namely, the energy 
of motion — also called kinetic energy — which is 
possessed by moving bodies. A moving body — 
a heavy rolling ball, a flying bullet, or a train 
in motion — possesses energy because it is in 
motion. It is known from the laws of motion 
that the energy possessed by a moving body is 
proportional to its mass and is also proportional 
to the square of the spoed with which it is 
moving. If the mass bo stated in pounds and 
the speed in feet per second, then the kinetic 
energy of the moving body can be calculated 

3 >proximately by squaring tho Bpeed, multi - 
ying the result by the number of pounds of 
mass, and dividing by 64 to bring it to foot- 
pounds. 

Suppose a railway train to weigh 100 tons 
and to be moving at a speed of 50 feet per 
second, we may calculate the inherent energy 
whioh it possesses as a movingbody as follows : 
The square of 50 is 2,500. The 100 tons are 
224,000 pounds. Multiply 2,500 by 224,000, 
and divide by 64, and we get as the answer 
35,000,000 foot-pounds. That is the amount of 
energy that is in that moving mass : it is the 
amount of energy that it would expend if it 
were to be suddenly stopped as in a collision. 
That is the amount of energy that will be wasted, 
as heat, in the brakes, if we bring it to rest by 
putting on the brakes. That is the amount of 
energy that we should have to put into it to 
atari it again up to full spoed. 


• ' Power. Another fundamental point in 
engineering is the precise idea and definition of 
inmost. Power is the rate at whioh energy is 
being spent, or the rate at which work is being 
done. Suppose a man to be working so hard 
as to be doing, say, 50 foot-pounds of work par 


second. He might easily do this by turning the 
handle of a winch raising 50 pounds a foot 
high in each second of time. But suppose he is 
only working half as hard, then the power he 
is exerting is only 25 foot-pounds per second. 
More than a century ago James Watt made 
experiments to find out the rate at which, on an 
average, during an average shift of work, a 
horse does its work. He fixed, as a convenient 
expression, the amount of 550 foot-pounds per 
second os the value of one horse-power. This is, 
of course, the same rate as 1,100 foot-pounds 
in two seconds, or 33,000 foot-pounds per 
minute, or 1,980,000 foot-pounds per hour. 
Everyone knows that a horse when stimulated 
by the whip can exert a much greater power 
for a Bhort time than it can exert continuously 
on tho average day's work. In fact, a horse 
can for a few minutes exert five or six horse- 
power. Similarly a man can for a few 
seconds at a time exert as much as one horse- 
power. 

The Horse-power. If power, then, is 
the rate of doing work, it follows that if we 
multiply the power by the time that it lasts 
we shall have an expression for the amount of 
work dono during that time. So if a horse- 
power bo 550 foot-pounds per second, then if 
any engine works at the rate of ono horse-power 
for 300 seconds ( «5 minutes), it will by the end 
of that time have done 550 x 300, that is, 165,000 
foot-pounds of work. Or, if it goes on giving 
out a horse- power for an hour ( **3,600 seconds) 
it will have done 550 x 3,600, that is, 1,980,000 
foot-pounds. 

Now it is not always convenient to have to 
use such large figures. For example, if we had 
to express in foot-pounds the result of 80 horse- 
power supplied for a week, the figures would be 
unmanageable. For many purposes, therefore, 
it is more convenient to think of the amount of 
work done by a horse-power working for a 
whole hour (we have just seen that it amounts 
to 1,980,000 foot-pounds) and simply call it 
one horse-power-hour . Then, since a week 
contains 7x24, or 168 hours, it follows that 
80 horse-power supplied continuously for a 
week would mean a total amount of work 
done of 80 x 168, that is, 13,440 horse-power* 
hours. 


The .Kilowatt. As will be explained in 
due course, electrical engineers deal with another 
unit of power called the Kilowatt (see Electric 
Measurement). It is about 1} times (or, more 
precisely, 1*3404 times) as great as the horse- 
power, for 1,000 horse-power equal 746 kilowatts. 
In other words, a horse-power is about g of a 
kilowatt In fact, while a horse-power is 550 
foot-pounds per second, or 33,000 foot-pounds 
per minute, a kilowatt is 737*2 foot-pounds per 
second, or 44,232 foot-pounds per minute. If 
an electric generator is giving out power at the 
rate of one kilowatt, it will at the end of one 
minute have delivered electric energy equivalent 
to 44*232 foot-pounds. Or at the end of an 
hour, at the same rate, it will have delivered a 
total amount of energy of 2*663*920 foot-pounds. 



BLSQTfttOrnr 


Now, this power at the rate of one kilowatt 
being for one hour's duration, we may call the 
total amount of electric energy one kilowatt-hour. 
It is usual in commercial dealings concerning 
eleotrio energy to express amounts of electric 
energy in kilowatt-hours. Indeed, under the 
Electric Lighting Act of 1882, this amount of 
energy is described as one M Board of Trade 
unit,” or in ordinary usage one unit of 
eleotrio energy. When that Act was passed the 
persons or companies supplying electric energy 
were forbidden to oharge as their maximum price 
more than 8d. per unit, that is 8 d. per kilowatt- 
hour. Since tnat time the price of elec trio 
energy has been greatly cheapened, so much so 
that the great electric power supply oompanios 
can supply electric energy to manufacturers at 
less than id. per kilowatt-hopr. In most towns 
the supply of electrio energy for lighting is 
usually 4 d. or lass per kilowatt-hour. Whore 
water-power is available, the manufacturers can 
get electric energy far cheaper, even down to 0*04 
of Id. per kilowatt-hour. 

We have seen that the kilowatt is about 1 *34 
times as great as the horse- power ; hence the 
kilowatt-hour — or unit — is equal to 1,034 horse- 
power for one hour. Or one horse-power for one 
hour is equal to 0*746 kilowatt-hours — or units. 
It is, therefore, a simple calculation how much a 
supply of power at the rate of one horse -power 
ought to cost per annum if the price bo, sav, Id. 
per unit For there are 24 x 365 = 8,760 hours 
in a year — reckoning day and night continuously. 
Hence one horse-power-year equals 8,760 horse- 
power-houre ; or, multiplying by 0*746, equals 
6,635 kilowatt-hours, wnich at the rate of Id. 
per kilowatt-hour is a total cost of 6,535 pence, 
or 64*46 shillings, or £27 9s. 2|d. Manufacturers 
who might not care to give £27 9s. 2\d. per 
annum for one horse-power, running day and 
night, would probably readily give £10. So 
if energy can be supplied at as low as Jd. 
per unit, it will be cheaper to use electrio power 
than to erect small steam-engines in factories. 

The Essentials— Effort and Move* 
ment. Now, before we discuss either batteries 
or dynamos in detail, we have one other point 
to make clear. In all cases where power is 
developed, whether mechanically or electrically, 
there are two factors to be considered. In the 
mechanical case one factor is, so to speak, 
effort, the other is quantity of movement. There 
is no power delivered unless both factors exist ; 
and the power is their product. Thus the power 
delivered by a belt running from one shaft to 
another depends not only on the pull of the belt, 
but on the speed at which it Is running. If in 
some particular case the belt-pull is, say, 100 
pounds — that is, the tight side pulls 100 pounds 
more than the slack side —yet it yields no power 
unless the belt is running. If that belt is run- 
ning at, say, 3,000 feet per minute, then the 
power which the belt is transmitting is 3,000 x 
100, that is, 300,000 foot-pounds per minute, or 
(dividing* by 33,000) is about 9 horse-power. If 
a belt run ever so fast it transmits no power 
unl es s there is also the fores or effort at the 


same time : and, be the effort never so great, 
it delivers no power unless the quantity factor 
exists also. Eleotrio power also oonsiste of 
two factors, an effort-factor and a quantity- 
factor. The eleotrio current, in fact, conveys 
no electrio power unless there is an electric 
effort present to keep it going. 

The Ampere. Names are needed to ex* 
press these things. Electricians have adopted 
suoh names. The amount of a current, some- 
times called the quantity of tho current, that is 
flowing, is expressed in torms of a cor tain unit 
called one ampere . “ One ampere ” denotes a 

particular quantity of ourrent deflned (by an 
Order in Council) by tho law of England (see 
Electric Measurement). An amvtremeter (or 
ammeter) is an instrument [3] which if inserted 
in an oloctrio circuit will indicate at any instant 
by the pointing of a hand to a scalo tho quantity 
of that current, or, as some pooplo would say, 
will show how strong the current is. Tho 
amperemeter tells nothing about tho effort factor, 
it deals with the quantity only : and a ourrent 
may be great, of many amperes, and vet. deliver 
very little power, unless there is an effort-factor 
existing to push the current along. Tins other 
factor, the electrical effort with which the current 
is urged along, has rocoivod from electricians 
several different names. Somo call it tho 
electrio pressure, othors the tlcclro- motitr - force (or 
tendency to move electricity), othors again the 
electrio potential. It matters little which name 
is used if only tho thing itself is rightly under- 
stood — it is an electrical effort that tonds to 
move the electricity along, tends to drivo the 
current, does, in fact, drive it along, if there is 
a proper circuit. In some oases, os wo shall 
see, there is an electric effort or eloctro-motive- 
forco exerted in on opposite direction to a 
current, and in such cases tends to stop it — 
just as a resisting effort may occur in a piece of 
revolving machinery. 

The Volt. The amount of any electric effort, 
or electromotive-force (whether it bo driving the 
current or opposing tho current) ^expressed in 
terms of a unit called one volt. 41 One volt ” 
denotes (again by logal definition, for which see 
chapter on Electric Measurement) a certain 
definite amount of electric pressure or electro* 
motive-foroe. A voltmeter [1] is an instrument 
used to measure the elootric pressure, or electro- 
motive - force, or potential, or voliaje (all 
these names are used, and all moan the same 
thing, namely, the number of volts), which has 
been applied to, or is being generated in any 
circuit. The mains for house-lighting are 
usually supplied at a pressure (in eities) of 200 
or 220 volts. In private lighting the pressure is 
more often 100 volts. For trkmways a pressure 
of 500 to 650 volts is usual. For long-distance 
electrio transmission of power extra nigh volt- 
ages of 6,000, 10,000, 20,000 and even 60,000 
volts are used. Single voltaic cells have, as we 
shall see, low voltages of one to two volts only : 
so to get higher pressures try means of cells we 
have to arrange a number of them as a battery. 
Thus, if a Danish's cell has a voltage of 1*1 volts. 
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to get by means of such cells a pressure of 100 
volts we should have to arrange 01 of them as 
a battery of cells, all joined up in series. A 
DanielV s battery to give 1,000 volts would 
require a row of 909 c5ls in series. 

The Watt. Now, when any electric system 
supplies electrical energy, whether in heat, light, 
or any other form, the electric power so supplied 
is the product of the two factors — the number 
of ampere* of current, multiplied by the number 
of volts of pressure at which the amperes are 

3 lied. Again, a name is required for the 
uot. 1 f one ampere of current were supplied 
at a pressure of one volt, the product might be 
called one volt-ampere ; the word being built up 
just in the same way as the 
word foot-pound is made to 
denote the work done in raising 
through one foot against the 
downward gravitation force of 
one pound. But, though the 
word volt-amiicre is sometimes 
so used to denote the unit of 
electric power (that is the rate 
at which electric energy is being 
supplied), olectrical engineers 
more often give another name 
to this unit, namely one watt. 

44 One watt” denotes by legal 
definition the amount of electric 
power which is brought by a 
current of one ampere flowing 
under a pressure of one volt. A 
Watt meter 
[2] is an in- 
Btrumont 
which can 
be directly 
attached to 
a circuit to 
indicate the 
value in 
watts of the 
power that 
is at any 
moment Vic- 
ing supplied. 

For the con- 
struction of 
a wattmeter 
the reader is 
Measurement. 
further by an 
there are 85 glow-lamps alight, taking on the 
average \ ampere each, and if the pressure 
at the electric main* is 200 volts, how many 
watts of power are they taking ? The amperes 
will be Jx85, that is, 21 \ : to find the watts 
we must multiply the volts by the amperes, 
namely, multiply 200 by 2U; so that the 
result is 4,250 watts, That is what a watt- 
meter would indicate as to the electric supply to 
those lamps. As the numbers of watts often 
run into thousands, electricians have adopted 
the term kilowatt to denote 1,000 watts. Henoe 
the power taken by the 85 lamps in question, 
when all are alight, would be oaUea4*25 kilowatt*. 

To be 
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again referred to Electrical 
L et us illustrate the matter 
example. If in some house 


As the watt and the kibwatt&re units of elec trio 
power, they can be compared as to their value 
with the mechanical unit of power mentioned 
earlier in this chapter, namely, the horse -power. 
It can be shown from first principles that (me 
horse-power is equal to 746 watts, or one watt 
equals ^ of a horse-power. And as one kilowatt 
is 1,000 watts, it follows that one kilowatt equals 
1 *3404 horse-power ; and that one horse- 
power equals 0*746 kilowatt. The 85 lamps 
mentioned will be receiving electrically 5*7 horse- 
power. 

The Kilowatt-hour. If electric power 
is being supplied the total energy given thereby 
will be the product of the power and of 
the time during which the 
power is supplied. Now, 
the legal “ unit ” of electric 
energy in this country is the 
kilowatt - hour. The electric- 
lighting companies charge their 
consumers according to the 
number of kilowatt - hours of 
energy they have consumed. 
They put in meters to measure 
the amount of consumption, 
and charge, some 4 d. t some 
3 d. t in some cases less, per 
kilowatt-hour. Suppose, in the 
case of the 85 lamps used as an 
example above, taking power 
at the rate of 4J kilowatts, the 
price of the supply was 4 d. per 
kilowatt 
* hour ; then 

-Vy ^ \ to keep all 

' V %\ \ t h e « e 8 5 
lamps alight 
will cost the 
consumer 
4 x4J, that 
is 17 pence 
per hour. 
If he has 
kept them 
alight on an 
average three 
hours a day, 
then when 
quarter -day 
comes his meter will have registered 1,163 kilo- 
watt-hours (or 44 unite”), and at 4 d. per unit his 
hill for the quarter will be £19 7s. 8 d. When 
electric energy is supplied in bulk to factories 
from oentral generating power-houses, the prioe 
is usually under Id. per unit Suppose a manu- 
facturer takes 100 amperes at 5,000 volts pres- 
sure, that is, takes electric power of 500,000 
watts, or 500 kilowatts ; ana suppose him to 
use that power for 3,000 hours (».e. an average 
of 10 hours per day for 300 days) in the year ; 
suppose also that the price charged is fd. per 
unit ; then his power will cost him 500 x 3090 x $ 
* 1,125,000 pence, that is, £4,687 10s. per annum. 
And as he is getting over 670 horse-power, his 
supply is costing him under £7 a year for each 
home-power supplied. 
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THE CLIMATES OF THE WORLD 

The Atmosphere. Rainfall and Its Distribution. .Why and When it 
Rains. The Wind System. Heat and Cold. Temperature of the Air. 


By Dr. A. J. HERBERTSON, M.A., and F. D. HERBERTSON, B.A. 
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June 2lst the sun is vertically overhead at 
23J° N. laL. the tropic of Cancer , and its rays 
reach 23|° further north than they did at the 
spring equinox, when they just reached the pole. 
Consequently, within a radius of 23J° round the 
North Pole — that is, within the Arctic Circle — the 
sun does not drop below the horizon, but is more 
or less completely visi- 
ble at midnight. At the 
tropic itself the sun’s 
rays fall vertically, and 
more nearly so north of 
it than at any other 
part of the year, so that 
they have their greatest 
heating power. It is 
the midsummer of the 
northern hemisphere. 

In the southern hemi- 
sphere, on the other 
hand, which is at that 
part of the earth’s orbit 
where it is tilted from 
the sun, it is midwinter. 

The sun’s rays are fall- 
ing as nearly horizon- 
tally as they ever do. 

Within a radius of 23}° 
round the South Pole, 
within the Antarctic 
circle, they are hardly 
felt at all. At the 
South Pole itself it is 
midnight, the middle 
of the six months’ night 
which alternates with 
the six months’ day. 

After June 21st in 
the northern hemi- 
sphere the sun appears 
to turn south. The 
point at which it is 
vertical at noon begins to recede towards the 
equator, where the sun is again overhead on 
September 21st, the autumn equinox. Its rays 
again just reach both poles, making day and 
night equal. Thereafter the night of the northern 
hemisphere lengthens and its day shortens, as 
the sun’s rays strike it more and more obliquely. 
The reverse is true in the southern hemisphere, 
where the rays are falling more and more verti- 
cally, and further and further towards the South 
Pole. The vertical noon point continues to 
reoede south of the equator till December 21st, 
when the sun is vertical over the tropic of Capri- 
corn, 23|° S. It is now midsummer in the southern 
hemisphere, midday at the South Pole, mid- 
winter in the northern hemisphere, and midnight 
.at the North Pole, Then the sun apparently 
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SECTION or THE ATMOSPHERE 


Tlie temperature and the prewure or weight of the 
atmosphere decrease as the elevation increases. 


turns north again, and is once more vertical over 
the equator at the spring equinox, March 21 st. 

The student will hardly need to bo reminded 
that this shifting of the point at which the sun 
is vortical at noon is due to change in the earth’s 
position relatively to the sun, and not to the 
movement of the sun. 

Heat and Light. 

5 It is customary to dis- 

$ tinguish various zones, 

^ or belts, on the earth’s 

surface according to the 
amount of light and 
heat they receive from 
the sun. 

Betwoen the poles and 
the polar circles are tt\e 
frigid zones, with one 
long day and one long 
night at the polo, and 
elsewhere almost con- 
tinuous daylight in 
summer, and almost 
continuous darkness in 
winter. There are only 
two seasons — winter 
and summer. 

Be tween t he polar 
circles and the tropics — 
that is, between the 
parallels of W»J° and 
23 J° — are the north and 
south tem|>erate zones, 
with long winter nights 
and long summer days. 
Besides winter and 
Hummer they have the 
intermediate seasons of 
spring and autumn. 

Between the tropics 
and the equator are the 
north and south torrid 
zones. Here the sun is vertical twice a year, 
except on the tropics, where it is vertical once. 
There is no winter. 

The belt of greatest heat swings north and 
south of the equator with the sun, hut the 
equator is always in it. It extends furthest 
north in the northern summer, when the sun is 
vertical over the northern tropic, and the 
northern hemisphere is ti!te4 furthest towards 
the sun, and furthest south in the southern 
summer, when the sun is vertical over the 
southern tropic, and the southern hemisphere is 
tilted furthest sunwards. The effect of this varia- 
tion on the distribution of rain and winds is 
very important, and the fact must be carefully 
borne in mind. The temperate and frigid belts 
oscillate similarly. 





Of the moving world on which we live we 
know onl y the surface. This oonsists of 
,«oUd lend and liquid water, both visible to 
Our mm of touch assures ns of some* 
^ftmng more, which we Gurnet see, but which 
7 we fid as tveese or wind This is the fttmo- 
v v ': sphere, the envelope of air 
; which surrounds the earth, held 
to it by the force of gravitation, 
and moving with it on its daily 
and yearly journey. Without 
the atmosphere life would be 
impossible for plant or animal, 
for neither could breathe. 

At the surfaco of the earth, 
where the force of gravity is 
most strongly felt, the density 
of the air is greatest— that is, 
the particles are most closely 
packed. As the force of gravity 
diminishes with the increasing 
distance from the centre of the 
earth the atmosphere becomes 
less and less dense, and at the 
height of a few thousand feet 
climbers suffer severely from 
want of air. [For the com- 
position of air, seo Chemistry.] 

The weight of the envelope of 
air is measured by the baro- 
meter. [See Physics.] It 
naturally decreases with ele- 
vation, and the barometer falls. 

Temperature of the Air. Experience 
tells us that the air is hot in summer and cold in 
winter. These changes, however, occur only 
near the earth’s surface. The atmosphere allows 
the rays of light and heat from the sun to pass 
through it, but is little affected by them, except 
in the lower, denser layers. About one-third of 
the solar heat is absorbed by the atmosphere. 
The remaining two- thirds reach the surface of 
the earth, from which 
the layers of air in con- 
tact with it receive 
most of their heat. 

The temperature of the 
air is highest close to 
the earth’s surface, and 
diminishes rapidly away 
from it. Tho upper 
layers of the atmo- 
sphere are always cold. 

Self-recording instru- 
ments have been stmt 
up in balloons, and 
they register up to 100° 
frost at a height of a 
few miles [18], On the 
top of a high mountain, 
whether in winter or 
summer, it is -cold unless the sun is shining. 
The warming surface is reduced by the tapering 
of the mountain, and the temperature of the 
surrounding air is therefore but little raised. 
Nevertheless, it is slightly warmer than air at 
the same height above a plain, as it is in contact 
with a small part of the earth’s surface. 

2H 
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CIRCULATION OF THE 
ATMOSPHERE 

This diagram shows the theoretical 
movement of the air between the 
Equator and the Poles. 



The earth, thep, is always receiving heat and 
always parting with ii A great past of the ne*t 
it receives it radiates back. Lead, and water 
differ conadeiabiy m thei* capacity for stating 
heat* Land absorbs heat more qufckfy, but the 
heat does not penetrate lair below the surface, 

Water, though heated moss 

.Urate aienriy, is boated to d much 
neater depth by the motion of its 
heated parades, and it loses heat 
by radiation much more slowly than 
the land. The land and the air 
over it are consequently hotter than 
the sea and the air over it in summer, 
but the sea retains more of its stored- 
up heat on into winter, at which 
season the air over it is warmer than 
the air over the land. 

The Cause of Rain. The air 
contains invisible water vapour. If 
a glass of water is spilled on a hot 
day the water quickly dries up. It 
has been converted by heating into 
water vapour, and has passed into 
the atmosphere. The same process 
takes place on a cold day, but 
much more slowly. This pro- 
cess of conversion into vapour 
is called evaporation. The 
surface layers of water are 
always evaporating, slowly or 
quickly, according to the tem- 
perature of the air. When air 
is dry and hot it takes up vapour very quickly 
and holds a large quantity. When it can 
hold no more it is said to be saturated, or to 
have reached the saturation point. This satura- 
tion point differs at different temperatures. 
Air at a high temperature can hold much 
more water vapour w ithout becoming saturated 
than air at a low temperature. If the tem- 
perature of saturated air is lowered it must 
part with moisture till it 
reaches the saturation 
point of its new tem- 
perature. This surplus 
moisture returns to the 
liquid form and fails as 
rain. A familiar illus- 
tration may make this 
clearer. If the hand is 
placed on a mirror the 
glass is at once covered 
with mist. The mois- 
ture which was invisible 
on the hot hand is 
chilled by the cold glass 
to the point at which 
it becomes liquid and 
visible. This process 
is called condensation. 

The distribution of rain, therefore, depends on 
air passing from hotter to colder regions — that is, 
on the wind system of the globe. 

The Wind System. We saw that in the 
equatorial regions there is a hot belt which moves 
north of the equator when the northern hemi- 
sphere is tilted towards the sun, and south of it 


15. THE MONSOONS, OR SEASONAL WINDS OF 
SOUTHERN ASIA 
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when tlie eouttam hemisphere is similarly tilted. 
The air over this belt becomes extremely hot. 
When air is heated its particles expand and 
require more room, so that a given volume of 
hot air contains fewer particles than the same 
volume of oolder air, and is consequently lighter. 
Being lighter, it tends to rise, forming what is 
called a low-pressure area. Over the heated 
equatorial regions the hot air is steadily rising, 
causing calms, which sailors call the doldrums. 
As it rises air is drawn in below. If the earth 
were at rest this indraught would be felt as north 
winds in the northern 
hemisphere, and as 
south winds hi the 
southern hemisphere 
JI4J. The earth* how* 
ever, h i rotating, and 
Jdr flowing towards the 
equator m deflaoted 
to the right in the 
northern hemisphere 
and to the left in the 
southern. The in- 
draught is, conse- 
quently, felt as north* 
easterly or easterly 
winds in the northern hemisphere, and as south- 
easterly or easterly winds in the southern. 

These winds blow throughout the year, blowing 
furthest north in the northern hemisphere in 
the northern summer, and furthest south in the 
southern hemisphere in the southern winter. As 
they can be counted on with certainty they are 
well called trade winds. Columbus owed his dis- 
covery of the New World to getting in their 
traok. Meanwhile there is a corresponding move- 
ment of the upper layers of air, but in the oppo- 
site direction. The ascending air over the equa- 
torial belt passes into regions of the upper air, 
where it is rapidly 
cooled. It oannot de- 
scend vertically be- 
i cause of the steady 
j upward pressure of the 
rising air. It therefore 
streams outwards to* 
wards the poles, form- 
ing a return current. 

A proportion of this 
return current appoars 
to descend almost ver- 
tically about lat. 30, 
forming a belt of high 
pressure in what are 
called the horse latitudes, where calms are conse- 
quently experienced. Prom this sub-tropical 
belt of higher pressure the surface winds flow out 
not merely as the trade winds towards the 
equator, but also on the other side towards the 
poles in temperate latitudes. Here deflection 
takes place as before — to the right in the nor- 
thern Hemisphere, to the left in the southern ; 
and the outflowing winds consequently blow as 
south-westerly and westerly winds in the nor- 
thern hemisphere, and as north-westerly or 
westerly winds in the southern. We are familiar 
with these westerly gales in autumn and winter, 
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OtAOMMMATIC SKETCH Of MOUNTAIN SAINFAU. 
A# (*, tAtm hm* mdfemfs tM eumvmJ tk/l of **ojh 


the southern slopes of the Himalaya 
with the rainfall which 



20. SUMMER ISOTHERMS OF 60° AND 
70° FAHRENHEIT 

The two lines are drawn through all places In the Northern 
Hemisphere haring a mean summer temperature of CO' and 
70° Fahrenheit. 


and they are still more strongly felt in the 
“ roaring forties ” of the southern hemisphere— 
the latitudes south of 40°— where sailors call 
them the “ brave west winds.” 

Land and Sea Breexea. So far we 
have considered the wind system without regard 
to the distribution of sea and land. This, 
however, causes many local variations. Land, 
we saw, heats more rapidly by day and cools 
more rapidly by night than the sea. Con- 
sequently, along the margin of sea and land 
sea breeees tend to blow from the cooler sea by 
day, and land breezes 
from the cooler land 
by night. Exactly 
similar causes, acting 
over large areas of sea 
and land in mtertaro- 
pical regions, produce 
the seasonal winds 
known as monsoons, 
of which we hear so 
much in connection 
with our Indian posses- 
sions [15]. South Asia 
and North Australia 
lie north and south 
respectively of a broad belt of intertropical 
seas. During the summer the land becomes 
intensely heated, and the in-blowing winds from 
the sea acquire great strength. They are 
deflected to their right in the northern hemi- 
sphere, blowing over South-Eastern Asia as 
the south-west monsoon, and to their left in the 
southern, blowing over North Australia as the 
north-west monsoon. During the summer 
months they displace the north-east and south- 
east trade winds, which are sometimes called 
the north-east and south-east monsoons in 

these regions. Violent storms occur at the 

change of monsoon. 

The Distribution 
of Rainfall. With 
few exceptions the 
heaviest rainfall takes 
place everywhere in 
summer, when evapor- 
ation is most intense, 
and the super-heated 
air is rising into the 
oolder upper layers of 
the atmosphere. In 
intertropical regions, 
except in a belt on 
either side of the 
equator, rain falls only at that season, and 
the year is divided into a wet or summer 
season, and a dry or winter season. The rain 
belt moves with the equatorial heat belt, north 
of the equator in the northern summer, when the 
north tropical regions have their rainy seas* *», 
and south of it in the southern summer, when the 
south tropical regions have their rainy season. 
Remember that the southern summer is the 
northern winter. As the equator is always in 
this hottest belt the equatorial regions have rain 
at all se a so ns , but most at the equinoxes. Hanes 
the equatorial regions are sometimes said to 
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21 . HEAT AND WIND PRESSURE : ISOTHERMS AND ISOBARS FOB JANUARY AND JULY 
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22 . THE BED OF THE INDIAN OCEAN AND CHINA SEA, SHOWING THE CONTINENTAL SHELF 


fueely. In the monsoon regions the winds come 
oversea and are heavily laden with moisture, bo 
that they are rain- bringing winds. The horse 
latitudes form a high pressure area, where air 
is desoending from higher and oolder to lower 
and warmer regions. light variable winds 
prevail, or calms, and little rain falls. Conse- 
quently we find on either aide of the equator a 
ary band in the lee of the trade winds, marked in 
both hemispheres by mors or lees extensive 
dsMrta. ha the trade winds extend farthest 


at all seasons. The heaviest rainfall is on the 
western coasts, especially where these are high. 
This belt of rainy winds moves nearest the 
equator in winter, bringing winter rains to the 
regions which were in the lee of the trade winds 
in summer. The winter rains of Southern 
Europe are caused by the southern extension of 
the westerly winds at that season. 

While these are the broad lines on which rain 
is distributed there are many local variations, 
depending on various causes, of which the most 
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important are the distribution of tea and land 
and of highlands and lowlands. The greater the 
distance from the sea, the less in general is the 
rainfall. Mountainous regions have always a 
higher rainfall than the surrounding lowlands, 
as they deflect the winds which strike them up 
into colder atmospheric layers. There is, how- 
ever, usually a well-marked difference between 
the rainfall of their windward and leeward 
slopes, the latter being much drier. A moun- 
tain range lying in the track of winds laden 
with moisture may receive nearly all that 
moisture as rain or snow, leaving the winds to 
pass on as dry winds [ 19J. 


Climate. The first rough climatic distinction 
is into tropical, temperate, and polar climates, 
corresponding to the torrid, temperate, and 
frigid zones. This is too general to t»c of prac- 
tical use. The causes so often referred to, the 
varying distribution of sea and land, and of high 
land and low land, produce many varieties of 
climate within a limited area. If a mountain 
situated on the equator is high enough, it will Ihj 
crowned with perpetual snow, and though it lias 
a tropical climate on its lower slojies, it will have 
a temperate climate above that, and a polar 
climate on its highest slopes. In making caloula- 
tions it is usual to allow for a fall of 1° F. in tem- 
perature for a rise of JUKI ft. in altitude. This 
figure is based on numerous observations made 
simultaneously at various heights on mountains 
in many parts of the world. The highlands, 
therefore, are everywhere colder than the low- 
lands in the same latitude. Look at any 
good relief map of tho world, mid you wiil 
see wlmt a large proportion of the world has 
its climate affected in this way. 

Equally important in its effect on climate is 
distance from the sea. We saw that sea-breezes 
cool the land in summer and warm it in 
winter— that is, they make the climate of 
neighbouring lands more uniform or equable. 
Where they are absent tho summers are hotter 
and drier, and the winters colder and drier. 
In other words, the range of temporature ex- 
perienced, varying from very hot in summer to 
very cold in winter, is great, and the climate is 
said to bo extreme. The greater tho land 
mass, or continent, the further is its interior 
from the sea, and tho more extreme is its 
climate. Geographers call an extreme climate 
a continental climate, and one rendered equable 
by the influence of the sea, on insular or oceanic 
climate. 

Climate, therefore, depends partly on latitude, 
partly on elevation, ana partly on proximity to 
or distance from the sea. 


Isotherms and Isohyeta : Their 

Manning and Uaaa. The result of all these 
causes taken together can only be ascertained by 
actual observation. For this purpose observa- 
tion stations and self-recording instruments, 
which write out their own records, are at work 
afl over the world. They have given us an 
enormous mass of information about the tem- 
perature and rainfall of most plaoeson the earth's 
sufffaoe. The average of these for several con- 
900 



aecutive yean give us the average temperature 
or rainfall of any place. Maps are made showing 
the temperature and rainfall of different regions. 
A line is drawn on the map, passing, let us say, 
through all places where the average summer 
temperature is 60° F; Its shape will be very 
irregular, for it shows the result of several 
causes, which are acting in very varying degree. 
Another line may be drawn through (A places 
with an average summer temperature of 70°. 
This line will also be very irregular for the same 
reason. Places with an average summer tem- 
perature between 60° and 70° will lie on neither 
line, but between the two, nearer one or the 
other, as the case may be [20J. Such lines are 
called isotherms, or lints of equal heal . They 
can be drawn for any temperature, and for 
any season, month, week, or day of the year 
required. They give an absolutely correct 
idea of the actual conditions of temperature 
produced at any place by all the causes at 
work, and enable us to compare different places 
in this respect [21].* 

Similar lines, called isohyets, or lines of 
equal wetness, are drawn to show the rainfall, 
measured in inches, experienced by different 
places in a year, or at any given season. 
Places through which the isohyet of 40 inches 
passes receive 40 inches of rain in a year. 
Places through which the isohyet of 60 inches 
passes receive 50 inches of rain, and so on 
[ 16 j. The maps which show how this is dis- 
tributed in the various months are very im- 
portant. There are many purposes for which 
wo want to know if rain falls regularly through 
the year, or if one month is very wet and all 
the others very dry. 

There is still another set of climatic maps, 
constructed to show the distribution of high 
and low pressure, which is indicated by isobars , 
or lines of equal pressure. 

When we know the winter and summer tem- 
peratures of a place, the amount of rain it 
roceives, and how this is distributed throughout 
the year, and the barometrical conditions, we 
know its climate, and can judge if it is fit for 
the home of man, and what sort of occupations 
can bo carried on there with a reasonable 
chance of sucoess. No atlas should be bought 
which docs not contain maps showing the 
isotherms and isohyeta, for these represent the 
data by which man has to be guided in his 
work in the world. 

Climate Divisions. No hard-and-fast 
line can be drawn between climatic regions, for 
the transition from one to the other is extremely 
gradual. We may distinguish : 

1. The equatorial regions, hot and wet at 
all seasons, with two wetter periods at the 
equinoxes. 

2. The hot lands with a summer rainy season, 
including the monsoon lands in the trade wind 
area. 

3. The hot dry lands, in the trade of the trade 

* T mup l hit ure observation* are generally reduced to eea- 
tarel— that is, an observation be* l w F. added tor every SOS fa 
One of 43° F. at a station 1200 ft high beooenee r. «he* 
reduced to sea-tare L 
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POETRY: ITS ORIGIN, PURPOSE & VARIETIES 

An Exposition of the Characteristics of Poetry, its Difference from 
Prose, and a Brief Guide to the Common Forms of English Verse 


L A. HAMMERTON 


IN a frankly utilitarian survey no one will look 
1 for anything so temerarious as an attempt 
to cover within the space of four pages a 
subject on which a whole library of learned 
works has been written. All that can bo con- 
templated is the barest outline of some general 
principles with which we should be familiar 
before we set ourselves with any seriousness to 
the study of poetry. 

Poetry is the first, as it is the highest, expres- 
sion of the human mind. We may reasonably 
assume that there were poets long beforo alpha- 
bets ; and when we hear anyone say “ I cannot 
read poetry,” we are to consider that person out 
of harmony with nature, as surely as the man 
who is deaf and dumb or blind, though ho 
may never suspect his great infirmity. Of all 
forms of human expression, poetry is the most 
natural and direct ; and it ought to be the readiest 
of response. Indeed, it is so. Despite all ignorant 
or flippant talk of poetry, the heart of a }x»ople 
always responds to it in moments of exaltation, 
and even iliose who confess they are unable to 
“read” poetry cannot escape its influence; since 
there is in the nature of mankind the stuff of 
poetry, which must at times manifest itself in all 
our lives. 

What Poetry la. But what we really mean 
by poe.ry is no; merely the ingenious arrange- 
ment of words and phrases in o lines beginning 
with capital letters and ending with words of 
similar sound ; it is one of the elemental things 
of Nature, like electricity, and perhaps, in its 
deeper significance, no better under* * ood. The 
iEjlian harp may be taken as an iilustra ! ion. 
This stringed instrument of the ancients, placed 
where the wind could blow upon it, gave forth 
sweet sounds. Man made the instrument, but 
Nature produced the music ; neither acted alone 
— it was a relation of interdependence. So wi:h 
poetry : it is not merely Homer nor Dante, not 
Shakespeare nor Mil. on, who plays upon our 
feel‘ng8 and our senses when we read his poems. 
He Supplies the magic, emotion-fraught words, 
and we the lis ening hearts; but it is the soul of 
all remembered emotions and aspirations in each 
one of us — the very “ rhythm of life,” as one 
great critic calls it — that attunes these words 
to the nsods and possibilities of each individual 
nature, and thus applies “ poetry.” 

The Poetic Power of Word*. The 

poet in this sense is the maker of the A£olian 
harp ; Nature (as the winds and sUrrings of 
our emo Jons) the player, and we the hearers, 
more or less aeu'e, who catch or miss t he sounds, 
according to our varying susceptibilities. Take 
the word “ home ” as an example. In no two 
minds does this monosyllable of four letters 


awaken * absolutely similar ideas : “ The old 
home,” “home, sweet home,” 44 home is home” — 
how colourless and inexpressive the word and 
t hese phrases are when coldly analysed ; yet 
how they may each stir the pulses and quicken 
the memory when met with in poetry, and even 
in prose 1 And why? Simply beoauso we 
associate our personal joys and sorrows with 
this index ■word and its connotations, and so 
become in a manner joint artificers with the 
poet. Hence the great poet is he who most 
successfully awakens in us, not only hifi, but our 
otn i thoughts and memories, by using the most 
expressive language in voicing nis own thoughts 
and emotions. From this wo shall rightly be 
held as osteoming emotional language essential 
to pootry. There is wonderful power in mere 
words. Tennyson all his life was affected by the 
words “ Far, far away.” As a boy they moved 
him poignantly. Who would ever have quoted 
Keats’s famous verse : 

44 A thing of beauty is a joy for evor,” 
if he had left it, as originally written, “ft con- 
tinual joy ” ? 

The Beginning of Poetry . Although 

this helps us only a very little way towards 
the understanding of pootry, it does not seem 
too much to assert that by men first dis- 
covering the power to utter words po'ent to 
awaken responsivo emotions in their fellows — 
having fitted first of all their own emotions, of 
which the vvrdj were part and parcel— began that 
intercommunion of souls which, in the course of 
ages, creating for itself certain conventions of 
form, shaped itself finally into what we know as 
pootry. In the earliest recorded history of our 
own land the bard had his place in the social 
scheme ; and to a far greater degreo than in our 
own time was the national need of poetical 
expression recognised, the poet articulating what 
his fellows felt but dimly and were quite unable 
t o body fort h. The bam was 1 hen, as now, both 
historian and prophet, interpreting his age to 
itself and to posterity. 

These old Gaelic singers, in the early centuries 
of the Christian era, were often warriors as well ; 
but many of them were more akin in their social 
status to the modem professional men of letters 
than any poets or his'orians in the intervening 
ages. The need of singers to arouse enthusiasm 
for battle, to celebra' e victories, to mourn over 
defeats and commemorate the fallen heroes, was 
as great in those rude days of Fiona, Oisin, and 
Merlin as — to use a very homely illustration — 
the need of the political pamphleteer and 
leader-writer in modem electoral times ; but 
many times more dignified, more in tune with 
Nature. Thus, in our own land, as twelve 
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hundred yean earlier in Greece* wh<n Homer 
celebrated the Trojan war in the first great poem 
of imperishable genius* the beginning of poet ry 
as a literary expression was associated win 
“ arms and the man ” ; but in the still more 
ancient “ poetical books " of the Bible we have 
it associated with the divine aspirations of the 
soul ; and the real beginning of English poetry 
was also religious, much of the poetic energy of 
our race, first expressed by Caedmon in the 
seventh century, being informed b$ a deep 
devotional spirit which has ever remained a 
characteristic of English poetry. 

Wo must not at this stage be tempted further 
into the his ory of poetry, since in succeeding 
parts of our study we shall pursue the historical 
method by treating of poetry from Chaucer to 
our own time, and only those of us who are 
wishful to specialise in this branch of learning 
need turn our attention very seriously to the 
writings of William Langland, Laurence Minot, 
and the lesser poets who came Iwtween Caedmon 
(d. about 680) and Chaucer (b. about 1340, 
d. 1400). 

The Criticism of Poetry. What will be 
of immediate practical use to us, indispen- 
sable indeed to the intelligent reading of 
any poetry, is a working knowledge of its con- 
stituents and varieties. This may bo thought 
a wrong phrase to employ, smacking as it does 
of the laboratory ; but while it is tolerably 
certain that the greatest of poets wro'o almost, 
unconscious of art, thoir exalt od though s 
taking on an oxalied and inevitable rhythm in 
perfect harmony with the canons of art, be- 
cause aftove all art and of a pieco with that 
elemental voice of 'Nature expressed in the well- 
known line from the Book of Job, “ When the 
morning stars sang together " — because of this, 
we are open to boliove that it is os possible to 
establish a scientific analysis as of any other 
energy of Nature. But it would be difficult to 
select a more controversial subject than the 
“ scientific " criticism of poetry. This wo may 
venture, however, to set down : that, as every- 
thing in life may be submit' ed to scientific 
analysis, there is no fatal reason why poetry 
should not also be subjected to such analysis. 
At any rate, none of the varying criteria whereby 
men nave attempted to define and judge the 
poet's art has quite met the case, and the criti- 
cism of poetry is to-day about as difficult to 
define as poetry itself. For oriticism has changed 
as persistently as art in standards of taste, else 
why in one age do we find artists denounced 
by their contemporaries who are acclaimed by 
posterity, end others admired by their contem- 
poraries who are swept into oblivion by those 
who come af , er ? To apply rigidly t he standards 
of one age to the judgment of art produced in 
another is proved by certain historical examples 
to be futile. It is the glory of Aristotle's system 
of criticism that so much of it may still be 
applied to modern art ; but criticism generally 
works out thus : after we have examined and 
aooepted so many principles* the great new 
artist oomes along and upsets oar comfortable 


theories. In our own time Walt Whitman 
offers a good instance of this. 

One thing that does seem to be within 
the range of even timorous assertion is* that 
rhythm and verse-form are the essential charac- 
teristics of poetry. Yet many eminent critics* 
Carlyle among them, have contended that prose 
can possess au the necessary qualities of poetry. 
It is generally agreed, however, that both poetry 
and prose have their “ rhythm," while metre is 
the added quality of poetry, and this metre is 
not mere ornament, but of the very fabric of 
the thought itself. By which we mean that 
the emotions or 1 hough t-material of the poet 
whom we loosely call “ inspired ” have an 
inherent, rhythmic, metrical quality, which is 
not the mere literary decoration of the artist, 
but the very voice of Nature herself. Rhyme, 
on the other hand, is purely ornamental, and 
a non -essential of poetry, though so scholarly 
a critic os Dr. Johnson haul a great distaste for 
blank verse, and an author of our own day, who 
enjoys considerable vogue, has had the fortitude 
to assert that a cat might be taught to writo 
blank verse. This only illustrates how critics 
may differ, and must be our excuse for refusing, 
even if space permitted, to enlarge upon the 
controversial side of poetical criticism. 

The Difference of Proee and Poetry, 

Let us, however, be bold enough to borrow 
from Mr. Mark H. Liddell's ingenious work, 
“ An Introduction to the Study of Poetry " (with 
much of which we are unable fully to agree), 
what may be submitted as a rough working 
test of (he fundamentals of poetry, before we 
proceed 1 o note its metrical variet ies. Mr. Liddell 
takes this passage from Macbeth , wherewith to 
test the qualities that render poetry distinot 
from prose : 

“ Duncan is in his grave ; 

Aftpr life's fitful fever he sleeps well ; 

Treason has done his worst : nor steel, nor poison, 
Malioe domes! ic, foreign levy, nothing, 

Can touch him further." 

This we will presume to be poetry, despite the 
vapourings of Mr. Bernard Shaw as to his* or 
his cat's, ability — we are not quite sure which — 
to write like that. Mr. Liddell re-casts the 
passage in what may be called literary or 
rhythmic prose ; 

“ Duncan lies in bis grave. Life, that 
racks my soul with succeeding ague-fits of 
fear, for him is over and he sleeps in peace 
beyond the reach of treason. The assassin’s 
steel or poisoned cup, secretly fomented 
strife at home, treacherously assisted hos- 
tility from abroad — none of these can harm 
him now." 

He next reduoes it (though not quiwlhppess- 
fully, we think) to “a bald statement of iaa&lpi 
follows : 

“ The life of Duncan is extinct* and he is 
no longer affected by the personal vicissi- 
tudes and dangers of government* such as 
assassination* treason* rebellion* sad foreign 
invasion* which produce this anxiety in my 
mind." 
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Bfe. Liddell then proceeds to examine the%e 
three forme of the same thought. The 
(which, for this experiment, may be regryded 
as the first form of the thought) is, he confgi^ er8f 
so plain and dispassionate a s tat emerge 0 f the 
fact that it would hardly awaken JIny strong 
emotions in the breast of anyone 8 *VveMacbeth 
himself. It is wo< poetry . But/^ the second 

is framed in words charged j^Hth emotional 
qualities, which must necessarily affect the 
feelings of all readers, thoucjh not invariably 
touching them to the same issues. This added 
quality in the second staft# we are to denote as 
“Human In'erest,” any this Mr. Liddell very 
rightly considers the /determining element of 
literature : “ that coij&mon and general interest, 
which it 8 thought /possesses for all men who 
think, regardless /of those peculiar attitudes 
toward life that^rise from peculiar pursuits and 
occupa ions ”-,-a doctor, for instance, not looking 
on death in/ 1 he same way as a non-medical 
man or wufcnan, nor an undertaker finding 
in the wood “ grave ” the same emotions as one 
to whon/ the surroundings of the tomb are less 
families. Still, the Becond stage is not recog- 
nisable as a poetic form. 

flatter and Form. But, in the third 
stage (or, properly, the first Shakespearian form), 
the thought material is, both in substance and 
/ in form, in warp and woof, as it were, poetical ; 
or at least what only a mountebank critic or 
a blockhead would refuse to regard as poetry. 
This may be explained on several grounds, but 
the change is due chiefly to the regular rhythm 
and the metrical movement of the verse, which 
punctuate the thought ; marking off its different 
“ impulses,” its “ units,” and projecting vividly 
into the mind of the reader what was in the 
mind of Macbeth ; not — let us note — merely what 
was in the mind of Shakespeare ; for this is an 
instance of what Mr. Theodore Watts-Dun ton 
calls “ absolute vision,” the vision of dramatic 
poetry. The thought and expression here seem 
to us one and indivisible , which may prove even 
more than Mr. Liddell set out to prove : that in 
the two forms into which he altered the passage, 
he must have taken away more than expression, 
so that his ** bald statement ” of the tact was 
really not a statement of the fact at all, the real 
f ull fact existing only first and last in the thought 
and form of Shakespeare’s verses. We might 
advance our point by giving a simple illustration. 
Edgar Allan Poe wrote two of the finest lines 
in poetry : 

“ To the glory that was Greece, 

And the grandeur that was Home.” 
But he had written them previously thus : 

“ To the beauty of fair Greece, 

And the grandeur of old Rome.” 

In changing the words, he not only charged the 
lines with a grander music, but vitally altered, 
expanded and improved the thought. 

But this is a point that need not detain us. 
Enough that we have got, roughly at least, a 
hint of the difference between literary prose and 
poetry ; and we fear to venture furtner along 


“ scientific ” lines, remembering Stevenson’s 
unhappy example in that direction. 

The Dlvidtiq: Line In Poetry, There 

is one great dividing line in poetry itself 
which must be unders ood at the beginn : ng, 
and this is nowhere so clearly defined as by Mr. 
Watts-Dunton in his famous article on“ Poe! ry ” 
in the “ Encyclopedia Britannioa ” (which no 
student of literature should omit to read). He 
there says that “ of poetic imagination there are 
two distinct kinds: (1) the kind of poetic 
imagination seen at its highest in .Eschylus, 
Sophocles, Shakespeare, and Homer ; and (2) the 
kind of poetic imagination seen at its highest in 
Pindar, Dante, and Milton, or else in Sappho, 
Heine, and gjielley. Tho former, being in its 
highest dramatic exercise unconditioned by the 
personal or lyrical influenoe of tho poet, might 
perhaps bo called absolute dramatic vision ; the 
latter, being more or loss conditioned by the 
personal or lyrical impulse of the poet, might be 
called relative dramatic vision.” Let us bear 
this in mind, as it will greatly help us to appre- 
ciate poetical valuos. 

Rhythm. By this term is meant the regular 
recurrence of certain fixed sound-relations deter- 
mined by time and stress, or by quantity and 
accent. Attempts have boon made to establish 
the measurement of English verse on the prin- 
ciple of syllables and pauses, as with French 
poetry ; and this, though unsuccessful as a whole 
system, has modified the classical rhythm of 
long and short syllables to tho modom rhythm 
of accented and unaccented syllables. Neither is 
a perfect measure applied to English verse, but 
we must work with the latter as best we may. 
using terms of classical prosody not quite suited 
to English poetry. When rhythm is measured 
by “ feet,” it becomes metre. 

Metre. This is the definite measurement of 
poetry by feet and verse of different lengths, a 
verse or line containing sovoral feet. Thus we 
have monometer, dimeter, trimeter, pentameter, 
hexameter, etc., or, in simpler language, verses 
of one, two, three, four, five, and six feet. 

Feet. There are in English poetry — to 
which we must confine ourselves in tne present 
study — four principle feet, known as the anapaest, 
the dactyl, the iambus, and the trochee. The 
Anapcestic foot consists of two short or un- 
accented syllables, and one long or accented 
syllable thus : 

“ ThO Asstrffan c&me down | like & wdf I on 
thO fold, 

And his c0|h5rts wOre gleamjing with pffr|pl£ 

tad gold.” 

There are four feet in each of these verses, 
which are thus known as anapaestic tetrameters. 
The Dactyl is the reverse of the anapaest, con- 
sisting of one long and two short syllables : 

“ Come t6 m3, | d Sorest, f’m | lonely with \out 
thee.” " 

The final foot of this verse, whioh consists of 
the two syllables we have italicised, is not a 
dactyl, but a spondee, or a foot of two equal 
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accent s, with which ft dactylic vone usually \ feminine cseenn*” 

ends. The Iamcus is by far the most common aowented syllables • °* * >au *° ^ween two tm 
feature of English poetry, and is the measure of \ t . , T ! 
our heroic verse. It is an unaccented syllable * m Venice I 

followed by an accented one, as : 

“ Uneasly lies | the head | that we’fcrs J a crSwn.” 

Lines of five such feet, if they rhyme with 
others, are known as “ heroic verse ’ r ; and if 
unrhvxned they form “ blank verse.” It is in 
this blank verse that the plays of Shakespeare 
and the poems of Milton are written. The 
Trochee , so far as English poetry is concerned, 
is, practically speaking, the opposite of the 
iambus , being a fool in which an accented 
syllable precedes an unaccen’od one : 

“ Lives of | grtf&t men | all re | mind tis,” etc. 

The term is also used in connection with the 
pause or crosura, a trochaic caesura being a pause 
between the two short accents of the dactyl in 
the second, third or fourth foot of the hexameter ; 
thus there would bo a trochaic caesura after 
“ dearest ” in the line, 

“ Come to me, dearest | I'm lonely without 
thee,” 

the pause indicating a new thought -impulse. 

Rhyme. This is a totally different thing 
from “ rhythm,” and is quite unnecessary to 
pootiy. It is, wo have heard, only an oraamen 1 , 
but for that reason is idontifiod with certain 
kinds of verse whoso aesthetic beauty lies largely 
in their form. It is chiefly associated with lyric 
poetry, or the poetry of personal emotion, 
which comes under the classification of “ relative 
vision.” The sonnet , the elegy, the ode, the 
psalm, and tho hymn are all included in lyric 
poetry. The meaning of the word “ rhyme v ' is 
so apparent that it need not bo illustrated, but 
beginners should know that wherever a poet ends 
a verse with a rhyme-word in which the accent 
falls on the second last syllable, thore must be an 
extra syllable in that line, and in its companion. 

Thus, in stanzas of iambic pentameters it is 
often necessary to introduce lines in which 
eleven syllables occur. But in blank verso 
only the one lino ending with a word accentu- 
ated on the penultimate syllable requires the 
extra syllable. Thus Shakespeare writes : 

“ Tell him this tale ; and from the mouth of 
England 

Add thus much more, — That no Italian 
priest,” etc., — 

the one line of eleven and the other of ten 
syllables. While Pryden, in his satire “ Absalom 
and Achitophel,” which is composed in the 
heroio couplet, writes : 

*‘ Praising and railing were his usual themes. 

And both, to showhis judgment, in extremes. 

So over violent, or so over civil, 

That every man with him was god or deviL” 

The first couplet has ten and the second 
eleven syllables in each line, as the accent falls 
on cw-il and (It will also be noted that 

the poet meant “ violent ” to be a word of two 

r “ Bibles only.) Such double rhymes are called 
“ fehtiQifie rhymes,” and there is the 
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To be continued 


A masculine ' 0 “ the ; 

two .Rented syllables pa ij^’ °™ !urr * n £ between 

The on?? t. rlherremaTthlt 81 ^ 88 t" d accent, 
respect to r> yme • 1 “J?*® th * t be made in 
scious of wm^BaH ^i w hen the ear is con- 
false or straineu^^JJf® . or fantastic rhyme, a 
has failed, as thel* verse, the poet 

the even flow of th?fP should not interfere with 
not distract our attv the manner should 

poets of the past all(. 10n ^ ro * n the matter. In 
the constantly changing 11 ®®. * las to be made for 
Space does not allow y 110118 of accentuation, 
into detailed explanatio. our entering further 
poetic form, which, as w°* the varieties of 
studies, will have to be exaiP ro ceed with our 
now claim, even if we have^d ; but we may 
what wi.h the “ scien ific ” c&porieed somc- 
and with modem prosody, to possism of verse 
ledge which we can immediately some know- 
reading of poetry. *>ly in our 

Exercise in English Metri 
Define the varieties of verse illustrate^ 
following quotations, ani mark each accoi\ the 

1. ’ys 

For the earth he drew a straight lin 
For the sky a bow above it, 

White the space between for daytime. 
Filled with little stars for night-time. 

2 . 

This royal throne of kingi, this soepter’d isle. 
This earth of majesty, this seat of Mars, 

This other Eden, demi-paradise ; 

This blessed plot, this earth, this realm, this 
England. 

3 . 

Man is a ship that sails with adverse winds. 
And has no haven till he land at death. 

4 . 

Henry, too, hath here his part : 

At the gentle Seymour’s side. 

With his best-beloved bride. 

Cold and quiet here are laid 
Tho ashes of that fiery heart. 

5 . 

State what is wrong with this line from 
Milton : 

” Void of all succour and needful comfort.” 

6 . 

Farewell to others, but never we part. 

Heir to my royalty, son of my heart. 

Bright is the diadem, boundless the swe^y. 

Or kingly the death that awaits us to-day. 

7 . 

Like the leaves of the forest when summer is 
green, 

That host with their banners at sunset were seen : 
Like the leaves of the forest when autumn hath 
blown, 

That host on the morrow lay wither'd ani strown. 
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FIRST ESSENTIALS IN BUILDING OPERATIONS 


A Consideration of the Leading Operations incidental 
to the Beginning of any Building Undertaking 


By Professor ELSEY SMITH 

"THE various operations incidental to the so that they may follow each other without 

* working up materials into complete interruption and, if possible, without reducing, 

structures are varied and complicated. In the even temporarily, the number of men employed, 

simplest building workmen belonging to two or He is also responsible for the ordering of mate* 

three different trades are employed, and in most rials from the builder's yard, and for the quality 

buildings the majority of trades are represented. of the work. He makes to the builder a return 

Separate sets of workmen are employed, as a of the money earned weekly by each workman, 

rule, in each of the different trades. They are and of all work executed, materials used and 


roughly divided into unskilled workmen or 
labourers and skilled workmen, those w ho have 
received a training or apprenticeship in some 
craft requiring manual dexterity. The unions 
regulating the different trades lay down rules 
limiting the class of work that the tradesman in 
each trade may perform, and a skilled artisan 
may not, as a rule, perform labourer's duties. 

Th© Workmen. The labourer performs 
most of the heavy w r ork of building operations, 
such as unloading materials and supplying them 
to the skilled workmen, and are told off for 
this purpose. They also execute excavating and 
concreting. Superior labourers are specially em- 
ployed as drain layers and for erecting and alter- 
ing scaffolds. The latter are termed scaffolders. 

The tradesmen who are skilled artisans com- 
prise the bricklayer, who also sets terra-cotta 
work and faience *; the pavior, including mosaic 
worker ; the mason, including the slate and 
marble mason : the carpenter ; the founder 
and smith, including the structural iron and 
steel worker ; the gasfitter ; the slater or tiler ; 
the external plumber; and the zinc worker and 
coppersmith. In some of these trades, which 
are employed in erecting and covering in the 
actual structural work or carcase *’ of a build- 
ing, part of the work may be prepared else- 
where ; but in each a great part of the work 
is necessarily executed on the spot. The other 
principal trades are those of the plasterer ; the 
joiner, who usually also supplies and fixes the 
ironmongery ; the electrician for lighting, bells, 
and sometimes power ; the internal plumber, 
who provides hot and cold water supply, and 
various sanitary fitting-* ; the painter and decora- 
tor ; the glazier and the paperhanger ; the 
services of the heating and ventilating engineer, 
and of the electrician, are also often included. 
In the case of the joiner, the work is mostly 
prepared at the builder's yard and brought to 
the building practically ready for fixing, but the 
work in other finishing trades is largely carried 
out on the spot. Fireproof work, heating and 
ventilation, though special work, is usually 
carried out by one or more of the above trades- 
men under special supervision. 

The Foreman. A General Foreman is 
appointed by the builder, and his duties are 
numerous ; not the least important is that of 
organising the work of the different tradesmen 


required, and of time and material expended on 
day work as distinct from contract work. In 
a large business there is often a walking foreman, 
who visits and generally supervises all works in 
progress. On a large building each of the 
important trades has also a foreman whoso 
duties are less wide, being confined to the work 
in his particular trade. 

The Clerk of Works , when one is employed, is 
appointed by the architect as his representative 
on the building during its erection, and it is his 
duty to examine all materials, to satisfy him- 
self that they are as specified, to oversee the 
work generally, to see that it is sound, well put 
together, and executed in accordance with the 
draw ings and specification. He should render a 
weekly report to the architect, detailing the 
state of the work, the materials received, the 
drawings received and required, the number of 
workmen in each trade, and the state of the 
weather. 

Drawing©. Before the erection of any 
building a set of drawings, generally to a scale of 
i inch or $ inch to the foot, and showing the 
work to be executed, is prepared. The drawings 
should show plans of every floor or story, of 
the foundations and roof, and of the site and 
drainage : elevations of every side of the 
building, and two or more sectional plans of 
different parts of the building, the number 
depending on its size and complication. 

These are the General Drawings , and are supplied 
to the builder by the architect ; they are drawn 
to scale and should indicate, in as much detail 
its possible, all the work to be executed as far as 
it can be foreseen. They form the most impor- 
tant source of information that the builder has 
regarding the disposition of the building. Copies 
of all of them, or of the most important, are 
submitted to the local authorities before work 
is begun. This is required so that the surveyor 
to the local body may ascertain that the work 
is designed in accordance with any bye-laws or 
regulations affecting the* Conditions of building 
in the particular district. Both the foreman 
and clerk of works should have a complete set 
of general drawings on the works in addition to 
the set given to the builder. 

Specification. The builder is also fur- 
nished by the architect with a written descrip- 
tion of the work to be executed. This is termed 
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work at aoce, but t hare mayj jotoibly bo too 
to fell or shrubs to nacre. Whore the site has 
been previously built upon, existing bandings 
mast be removed ; if they are small, this may 
be left to the builder, who polls them down and 
removes the materials, excepting any permitted 
to be re-used, giving a credit for them ; but in 
the case of large buildings a Housebreaker is 
called in to take down the old buildings and 
remove the materials before possession of the 
site is given. In the case of alteration to 
existing buildings the old work may have to be 
temporarily shored, and this work will be dealt 
with later in the Course. Temporary screens or 
partitions may also be found necessary, if the 
old building is to be used for residential or 
business purposes during the alterations, or if 
the builder is not to have complete possession of it. 
Such screens are lightly framed, covered with 
boarding or canvas ana papered to keep dust 
from entering ; if they are required to keep out 
weather a tarpaulin should be placed over the 
screen when it is fixed. 

When an alteration involves the removal of an 
existing roof temporarily, a frame is formed 
above it with scaffold poles and boards laid at 
short intervals and the whole is covered with 
tarpaulins, which should be arranged with a 
slight fall in one direction to throw off any 
water, and be at such a height as to allow 
of the required work — it may be the addition of 
a story to the building — being carried out 
under it. 

Setting Out. The plan of the building 
must be carefully Bet out upon the ground ; 
the ground plan should be fully dimensioned for 
this purpose. If dimensions are not figured they 
must be taken off with a scale. In town sites the 
exact position is usually fixed by contiguous 
buildings, but on an open site the position may 
only be finally settled after more than one trial, 
so that the best aspect and point of view may 
be secured. With large and complicated build- 
ings the setting out, especially if the plan is 
irregular, may be a somewhat difficult process, 
and may be facilitated by the use of a theodolite 
[See Surveying], for fixing the main lines and 
angles. 

The builder is required to set out the building, 
and may beheld liable for mistakes, and accuracy 
is very essential ; it is of great importance to 
see that all right angles are truly square and 
all other angles correctly set out. When the 
outline is fixed the thickness of the main walls 
and the projection of the footings and concrete 
require to be marked. This is usually done with 
boards fixed horizontally to two stakes driven 
into the ground in line with the wall to be 
defined and placed so far beyond its ends as 
not to be interfered with by the excavation of 
the site. On each board cuts are made on the 
upper edge marking the inner and outer face 
of the wall and the footings, and concrete on 
each side may be marked with similar cuts or by 
nails. A line, strained between the two boards, 
will allow of a plummet being dropped at any 
point along the line of the wall or its founda- 
tions, whereby its exact position may be fixed. 


Lsvtli. It k further ne ces s a r y to fig tbe-V 
level of the ground floor, or of some other well- v 
defined level in the building ; this also should be 
marked on some adjacent object that will not 
be interfered with, and from whioh a horisontal 
line can be levelled aoross to the site by means 
of a dumpy level [See Surveying], or by a series 
of stakes the tops of whioh are aoourately levelled 
with a straight-edge and carpenter's level. 

From the fixed level, termed a datum, measure- 
ments can be taken defining the depth of the 
foundations and the heights of various parts of 
the building, where they are not uniform ; long 
rods, called story rods, are set out on whioh the 
level of the upper floors, windows and other 
features are marked and by whioh the aoouraoy 
of the work as it prooeeda can be oheokea. 
The datum level should be shown upon the 
drawings and all levels given in relation to it ; 
the most convenient datum, as a rule, is the 
level of the principal floor above the ground at 
the entrance, or some real or imaginary line 
above or below it. When a fixed point on the 
ordnance survey is near a building, it may be 
very conveniently taken as a datum, ana the 
level of the principal floor fixed in relation to it. 

Additions and Alterations. Changes 
are frequently required in existing buildings, 
and are in many cases somewhat troublesome. 
Difficulties in levels and planning have often to 
be overcome so as to provide an addition that 
shall, when completed, form an integral working 
part of the original structure without awkward 
features or changes of level in the floors. 

It frequently happens that the work of altera- 
tion is more troublesome to the builder than 
would be the erection of an entirely new struc- 
ture, and the circumstances affecting the exe- 
cution of the work require very careful con- 
sideration in arriving at an estimate of price. 
Any difficulties should be referred to in the 
specification where one is provided. A few of 
those that frequently arise in such cases 
may be discussed. The special provision of 
screens and protection has been already men- 
tioned. These are easily provided for, but the 
effect of some working conditions can only be 
estimated with a very wide margin for accuracy. 
One of the most important limitations is often 
that of working space for storing materials, 
sheds, Ac., the result being that materials must 
be delivered in small quantities and at short inter- 
vals, requiring much foresight on the foreman's 
part. Another very serious factor with' some 
alterations is the necessity that the occupier 
should keep the business in full swing during 
alterations. In the case of a shop — e.g, 9 protec- 
tion tor the goods and access for the public may 
have to be maintained, or, in the case of a factory 
or works, communication between different parts 
may be necessary notwithstanding that the build- 
ing operations may come between them. Also 
there is often increased expense in executing 
now work to correspond with existing work ; this 
is especially the case in matching the colour of 
brickwork and in dealing with the details of 
finishing b. 

* #• * ana 



A SHORT DICTIONARY OF BUILDING CONSTRUCTION 

Term* peculiar to individual trade* are dealt with Id their respective departments. 


ABMTMBVfT— The solid }«rt of a pier 
from which an arch springs directly. 

Anelent light— An opening for the 
admission of light and air that lion, by 
prescription, obtained a legal right to 
such easement in perpetuity. 

Angie of repose- -The natural angle at 
wnich any given material will remain 
at rest. 

Annulet— A Jlllct or band circular on 
plan. 

Applied ornament — Ornament at- 
tached to tiie surface, not worked on 
the solid. 

Area- An enclosed court or yard. A 
sunk sjioce arranged for lighting or for 
access to a floor below the ground 
level. 

Arris— The line formed at an exterior 
angle by two intemeettug surfaces. 

Aspect— The quarter of the heavens 
which any front or owning of a build- 
ing faces. 

Astragal- A small moulding semi- 
circular in profile. 

Attend upon- A term Indicating the 
assistance to Ik? given to each trades- 
man by other trades. 

Attic story- A story formed wholly or 
partly In a roof. 

BALOONKTTB— A small balcony. 

Barrel roof— A roof of which the soffit 
is eem! -cylindrical. 

Base— The foot or lowest portion of 
any part of a building. 

Basement— The story of a building 
below the principal or ground floor. 

Bay— The subdivision longitudinally of 
a building hy piers, arches, girders, etc. 

Beam— A piece of timtor or iron placed 
horizontally— generally over a void. 

Beam compass— An instrument for 
drawing large circles eom|KMed of a 
lath and adjustable slides carrying the 
point and pen and pencil. 

Bearing— 3ne area of support to the 
end of a joist or beam. Also used to 
denote the clear dutanco Intervening 
between such joints. 

Bed —The horizontal surface on which 
stones, bricks, and other substances 
used In bulldiug rest In arches the 
1 tearing surface on each aide of a 
voussoir. 

Bed mould— A moulding immediately 
below and apparently supporting an 
overhanging surface. 

Bevel— The slope formed by cutting off 
a right-angled arris hy a piano inter- 
secting both original planes. 

Block plan— A plan showing a site on 
which only the outline of buildings is 
Indicated. 

Boning— The act of making or judging 
a plane surface or line by the eye. 

Break— The recess or projection of one 
piece of work behind or in front of the 
remainder. 

Bullrose— A rounded junction between 
two surfaces enclosing an angle. 

Buttrcff— A mass of masonry or brick- 
work so disposed as to counteract the 
thrust exerted by an arch or vault. 


i slight convexity to coun- 
teract deflection due to load. 
Camp-iheetlng-A timber retaining- 
wall to prevent erosion in rivers and 


Cant— Any part of a structure formed 
et sn angle other then a right angle. 
Cantilever— A beam, bearer, or girder, 
one end of which Is free and the other 

fixed. 

Cep— The crowning member of a pier 
or column. 

Capping— A moulding or group of 
numlduigt on the top of adado, semen, 
orgata 

sto . 


Carcase— The structure of a building 
before finishings are added. 

Castellated— -Terminated with tattle- 
incuts. 

Catch-pit— A pit formed to collect fluid 
or solid matter. 

Caulking- The stopping of open joints. 

t hamfer-toc B tvel. 

Channel— A long sinking formed in the 
ground or on the surface of any 
material. 

Chisel-pointed - With a flat, broad 
point. 

Cinquefoil— A form of enrichment hav- 
ing five cusps. 

Circle on Circle Work— Work cir- 
cular in elevation oh a ell as on plan. 

Clearstory or Clerestorey— A range 
of windows placed high up in a hall or 
church. 

Clear, In the— The net distance be- 
tween any two joints or surfaces. 

Clear span- toe Bearing. 

Clerk of Works- An individual ap- 
pointed to superintend building opera- 
tions on behalf of the architect. 

Coffer— A sunk panel in a ceiling or 
soffit. 

Coin or Quoin- The external angle 
formed by the junction of two walls. 

Collar— A ring of metal or other ma- 
terial placed round any object. 

Colonnade— A range of columns. 

Column— A vertical circular support. 

Concavity— The hollow side of a curved 
line or other object. 

Concentric- rircular llguresor portions 
of circles st nick from a common centre. 

Conduit -A term applied to a channel 
or pipe used for the conveyance of fluids. 

Console- Au ornamental bracket used 
to give real or apparent support to a 
cornice or other feature. 

Convex— The swelling side of a curved 
line or other object. 

Contrary flexure A curve, part of 
which is convex and part concave. 

Corbel- A projection from a wall to 
carry any overhanging portion. 

Core— The interior, heart, or centre of 
any object. 

Cornice- A group of mouldings crown- 
ing a wall or other surfuce. 

Corona— A broad vertical face In a 
cornice with an overhanging soffit. 

Countersinking— A sinking formed in 
tint tor or other material to receive the 
head of a screw or toll that it may be 
flush w ith or tolow- the surface. 

Cove— A large hollow moulding generally 
formed in the cornice of a ceiling. 

Crank— A rigid arm fixed at the end 
of a shaft perpendicular to its axis. 

C resting — An ornamental finishing to 
a ridge or parapet. 

Crib— A stable rack. 

Crown— The highest part of an arch or 
vault. 

Crushing Load— The load under which 
any material loses its power of cohesion. 

Culvert— A circular underground chan- 
nel for conveying fluid. 

Cupola— A spherical roof or dome. 

Cusps— The points between the foils of a 
foliated arch. 

DADO— The central feature of the 
pedestal of a column, or a deep band, 
usually with base and capping at the 
base of a wall. 

Dead load— A permanent load, one 
which does not move. 

Dead shore- A vertical timber strut 
receiving s dead load only. 

Dentils— Square blocks carved out of a 
projecting fillet 

Detrusion— An outward thrust tending 
to separate one body from another. A 
•hearing strain acting parallel to the 
fibres of a material. 


Die— Another term for dado. Also a 
mould from which object! In relief 
may to struck. 

Dome— A convex roof over a circular or 
polygonal building. 

Dominant tenement- In the case of 

an casement the tenement to which 
the privilege belongs. 

Dormer— A window placed on the in- 
clined plane of a roof the frout of which 
is vertical. 

Dressings— Brickwork, terra-cotta or 
masonry finishings of a superior quality 
introduced into rougher walling. 

Drum— A vertical, rircular, or polygonal 
wall carrying a cupola or the blocks of 
material composing the shaft of a 
column. 

BAVBS— The lowest edges of the in 
dined sides of a roof projecting toyond 
the walls. 

Elastic limit of any material- The 

greatest strain that docs not produce 
a permanent set. 

Elevation— A geometrical projection 
representing the outer surface of an 
object on a porjiendieular plane. 

Embossing— 1 he raising or forming of 
any form or design above the surround- 
ing surface. 

Engraving— The cutting in or sinking 
of any form or design tolow the sur- 
rounding surface. 

Enriched mouldings are those whose 
profile is treated w ith ornament. 

Entering angle— The internal angle 
formed by the intersection of adjacent 
surfaces. 

Entresol— A room formed above another 
in the general height of n lofty story. 

Estimate— The computed cost of any 
work. 

FABRIC— A term applied to the struc- 
tural portions of buildings. 

Faqade— The face or front of any 
building. 

False bearing— A column or wall tour- 
ing on the unsupported part of a girder. 

Fan — An apparatus tor mechanically 
changing or moving air. A hoarding 
projecting outwards during pulling 
aown. 

Fatigue of material— The failure of 
material under a recurring load which 

f (reduces a stress exceeding its elastic 
iniit. 

Feather edge— A term applied to any 
thin body having one edge thicker than 
the other. 

Fillet— A narrow flat band. 

Finial— The ornamental finishing of a 
pinnacle, gable, or turret. 
Finishings- The various works to com- 
plete a building after the shell has 
been erected. 

First floor— The story next above the 
ground floor, so also with second floor, 
third floor, etc. 

Fixture— An article of a personal 
nature affixed to land or buildings, 
whether movable or not. 

Flange— A plate projecting from the 
side or ena of a piece of wrought or 
cast metal. 

Flank— The return or side part of a 
body which joins the front and rear. 
Flush— A term signifying the continuity 
of surface of two bodies joined to- 
gether. 

Flutes— 1 Channels on a vertical shaft 
Foil— The small arcs used in tracery to 
eurich a larger curve. 

Foliated— The use of foils In tracery. 
Foundation— The basis, natural or 
artificial, upon which a superstructure 
is raised. 

Frieze— A broad band, ornamental or 
otherwise, immediately below a cornice. 



DICTIONARY OP RUILDINQ 


QADLS— The vertical triangular end of 
a Sloping roof. 

Gablet— A similar feature used as an 
ornament in buttresses. 

Gangway— An open passage- way, tem- 
porary or fixed. 

Girder— A beam used to support a load 
over a void. 

Girt or Girth— The length of the cir- 
cumference or profile of an object. 
Gradient— The vertical rise in a path 
or road compared with its length. 
Grille— An enclosure formed of crossed 
bars. 

Ground plan— The plan of a building 
taken at the ground floor level 
Guides — Groov g in which a sliding 
door or shutter ruus. 

HALF LANDING — An intermediate 
landing in a staircase, extending right 
across the well-hole. 

Half-timber*— A structure framed of 
large tint Iters, the panels filled in with 
brick or plaster. 

Head-room— The space above a flight 
of stairs necessary to allow free 
passage. 

Herring-bone work— Blocks of 
material laid diagonally, the end of 
each butting against the side of the 
next block. 

Hipped -roof— One in which adjacent 
sides are inclined and form salient 
angles. 

Hood— A projection to protect an object 
Iteneath it from the action of the 
weather. 

Housebreaker— A contractor who pulls 
down existing buildings and clears 
away the materials. 

IMPOST— The capping of a pier or 
pilaster that receives an arch. 
Incrustation— Material, usually decora- 
tive, applied by some connecting 
medium to another body ; or a deposit 
caused by chemical UecoinjMmition. 
Inlaid work— Work of which the sur- 
face is partly cut away and filled in 
with other materials. 

Intaglio— Ornament sunk below the 
general surface of a piece of work. 
Inverted arch— An arch formed below 
instead of above its springing line. 

tIAOK— A machine used in building 
operations to move heavy loads. 
Jamb— The vertical sides of an opening 
in a wall. 

KILN— A structure in which materials 
are calcined or burnt. 

LARKL— A projecting drip moulding 
around an aperture. 

Landing— The floor terminating a flight 
of stairs. 

Lateral thrust— The outward force 
exerted by an arched or framed 
structure. 

Lattice— Open work made by crossing 
strips of iron or wooa. 

Level— An instrument used by the 
carpenter and mason to indicate when 
a line or surface is parallel with the 
horizon. (See also Survey Ing.) 

Live load— A load consisting or bodies 
subject to motion. 

Loose box— An enclosure within a stable 
in which a horse can be left loose. 

MALLRADLS— Material susceptible of 
extension under the blowsof a hammer. 
Market sizes— The sizes in which 
timber and other materials are stocked 
and sold. 

Mezzanine— A story of small height 
between two higher ones. 

Mitre— A plain joint between two 
similar pieces of material or mouldings 
bisecting the angle at which they meet. 
Mosaic— An incrustation formed with 
small cubes of marble, stone, glass, etc. 
Moulds— Patterns or contours from 


which work is wrought A prepared 
case into which certain fluid materials 
are introduced to set or cool, or in 
which plastic materials are given 
deflnlte forms. 

Mouldings— The ornamental contours 
given to the projecting or receding 
edges of materials. 

NIOKINQ— Any smalt moulding near 
the top of a column or pilaster. 

Neutral axis— The plane in a beam at 
which the stresses change, the effect 
of the stresses being nothing. 

ORIgL— A window similar to a bay cor* 
belled out on an upper story. 

Out of winding- Material the surface 
of which is true and free from twist. 

Out to out— A dimension taken to the 
extreme limits of any body or material. 

PANEL— A surface enclosed by a frame 
and sunk below it ; an imitatiou of 
such a feature in solid material. 

Partv wall— A wall used for separating 
adjoining buildings belonging to 
different owners. 

Party fence wall— A wall standing 
on lands of adjoining owners os a 
separation of adjoining lands. 

Pedestal— A short Pier with base and 
capping under a column or statue. 

Pendant— An ornament suspended be- 
low the maiu part of a structure. 

Pendent! ve— 'The triangular portion of 
a truncated hemisphere formed by 
cutting it with two vertical planes 
each making an angle of 4g J ou plan 
with the end of its lower diameter. 

Penstock— A small paddle working in 
a grooved frame for peuuiug back 
w uter. 

Penthouse— A shed having a lean-to 
roof. 

Permanent set— A permanent change 
of form produced in an object due to 
Btrainiug the material beyond its 
elastic limit. 

Piecework— Work paid for by the piece 
or jot) — not by time. 

Plan— The representation to scalo of 
any horizontal section of an object. 

Plinth— A square projecting meml»cr at 
the base of a wall or below a moulded 
base. 

Plotting—' The process of laying down 
on paper to scale the plan, elevation, 
and section from measurements of an 
existing building or piece of laud. 

Plumb- Vertical. 

Profile— The actual outline of any 
moulding or other body as shown by a 
plane drawn perpendicular to Its 
surface. 

QUADRANGLE— A square or rect- 
angular court, generally within a 
building. 

Quarter space landing— A landing 
in the angle between two flights of 
stairs making a right angle. 

RACKING— The tendency to distort a 
piece of framing diagonally. 

Raking— A member inclined at an 
angle with the horizontal 

Rampant arch— One whose abutments 
or springings are at different levels. 

Re-ent- ring angle— An angle the plan 
of which is sunk or returned as op- 
posed to a solid angle. 

Relievo or relief— Ornament raised 
above the surface of a piece of work. 

Respond— T^s abutment of the last 
arch of an arcade. 

Return— The continuation of a surface 
or moulding round an angle. 

GAPS load— The permanent load any 
material or structure will safely 
support 

Salient angle— The external angle 
formed by the intersection of adjacent 
surfaces. 


Scale— A ltne bearing some deflnlte re- 
lation to the full size of an object and 
sulidlvided for the purpose of plottiug. 

Scantling— The dimensions or breadth 
and thickness in a piece of tim!>er ; and 
of length, breadth and thickness o( u 
stone. 

Seating— A carefully prepared bed for 
some object to rest on. 

Section— A geometrical representation 
of an object or building divided by 
a vertical plane. 

Servient tenement— In the case of 
an easement the tenement on whieli 
the obligation is im issued. 

Setting-out rod— A board OX boarded 
surface on which work is set out full 
size. 

Settlements— Failures due to the un- 
equal sinking of purts of a building. 

Shoring— Temporary timlter supports 
to a building during alterations or 
when it shows signs ot failure. 

Site— The plot of ground on which a 
structure is to stand. 

Soffit— 1 The under surface of a vault, 
arch, or horizontal member. 

Span— The clear distance between the 
supports of a beam or arch. 

Specification— A detailed description 
of the materials and workmanship to 
be used for any structure. 

Spiral stair— (hie consisting entirely 
of winders. 

Splay— The inclination of one side of an 
object obliquely to the udjoinlng 
side. 

Stop— The finish to a moulding or 
chamfer. 

Story— A complete stage in a building 
extending from one floor to the 
next. 

Superstructure— The upper part of a 
building carried in the foundations. 

TEMPLATE- A metal mould used for 
cutting masonry and by plasterers in 
sticking mouldings. 

Tie— A member uniting two bodies 
having a tendency to diverge. 

Tobin ventilator— A tuiie for Intro- 
ducing external air into a room at a 
suitable level. 

Trammel— An instrument for describ- 
ing an ellipse. 

Transepts— The trftnsvorse portions of 
a cruciform building. 

Transom - An intermediate horizontal 
mem tier of a frame. 

Trefoil —An ornament having three 
cusps. 

Turret— A small tower often placed at 
the angle of a wall 

UNDERPINNING— Temporarily sup- 
porting a structure with dead shores ; 
extending an existing wall to a greater 
depth with new foundations, 

VALLEY— The internal angle formed by 
the meeting of two adjacent sides of a 
sloping roof. 

Vault— The arched root over an apart- 
ment ; applied also to a vaulted cellar. 

Verandah — A light external open 
gallery attached to a house, and with 
a sloptngroof. 

Verges— The edges ot the covering ot a 
roof projecting over a gable-end. 

WAGON-HEAD VAULT- A cylin- 
drical vault slightly stilted. 

Weathering— The covering or special 
form given to the upper surface of 
walls or projections on a building to 
throw off water falling ou it. 

Well-hole— The open space in astaircase 
around which the flights are formed ; 
an opening in a floor below a skylight. 

Wings— The side portions of a facade or 
building subordinate to the principal 
and central portions. 

Working drawings— Drawings show- 
ing details ot a design and serving as 
instructions to the several artificers. 
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PHYSICS 


What is Matter? Ths Shattered Theory of the Atom. The Essential 
P ro p er ty of Matter. The Nature of Electrons. Energy and Electricity. 


By DR. SALEEBY 


QNIY at the very end of our course shall we 
^ discuss the details of the new theory con- 
cerning the structure of matter. But here we 
must consider an even more fundamental ques- 
tion — one which has necessarily occupied some 
of the attention of all the greatest thinkers of 
the past. 

Definitions of Matter. Let us begin, 
then, by considering some definitions of matter, 
and thereafter we shall be in a position to see 
whether we can comprehend the essential nature 
of the thing defined! The definition of matter 
that might be given by anyone who had not 
previously considered the subject would probably 
be that matter is a hard thing, a thing that 
oan be felt, a thing tangible, palpable. Such 
a man would probably hesitate to call the 
impalpable air matter. But of course the 
matter of which water is composed does not 
cease to be matter whether the water happens 
to exist in the form of ice or liquid water or 
water-vapour at any given time. Our idea of 
matter must include its solid, liquid, and gaseous 
forms alike. 

At the other extreme from the most simple 
and superficial notion of matter is the definition 
of the soeptieal philosopher, John Stuart Mill, 
that all we oan say of matter is that it is a 
“ permanent possibility of sensation. M What- 
ever that definition may bo worth in certain con- 
nections, it is of no use to the physicist. A 
definition which promises to be more satisfactory, 
and which was long thought to be adequate, is 
that “ matter is that which occupies Bpace.** In 
other words, the essential property of matter is 
the property of extension — i.e. of being extended 
or of occupying space. In the last resort it 
was thought we must conceive of matter as a 
something whioh takes up room, something no 
two portions of whioh oan ocoupy the Bame 
space at the Bame time. It must be impossible 
to run two portions of matter into another, as 
the photographer makes a “ composite photo- 

f spn.** In other words, matter is impenetrable. 

given portion of it may have gaps in its sub- 
stance into whioh other portions of matter may 
be inserted ; but where one piece of matter is, 
another oannot be. “ Matter is that whioh 
oooupies space.** 

The Atomic Theory* This definition 
was quite consonant with that atomic theory of 
matter which until only the other day was 
thought to be absolutely and ultimately true, 
whereas now it is known to be only relatively 
and proximately true — true up to a point. It 
was thought that matter oonsists, in the very 
last analysis, of tiny atoms (a Greek word which 
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simply means that which is indivisible or oannot 
be out), and these atoms were conceived as 
hard, solid little bodies, of various sizes and 
shapes, like exceedingly small grains of sand. 
Clerk-Maxwell likened them to “foundation 
stones ** : they were “ the foundation stones of 
the material universe, which have existed since 
the Creation, unbroken and unworn.** Like 
grains of sand, these atoms had the prime 
character of extension — they occupied space : 
where one atom was, no other atom could be. 

There was another and a profounder way of 
conceiving these atoms. It might be said that 
their prime character was the possession of mass. 
Here we may conveniently define this term and 
distinguish it from weight. The weight of a body 
is a consequence of the law of gravitation. A 
pound-weight transferred to the moon would 
still contain the same amount of matter as 
before, but it would weigh far less, since the 
force of gravitation exerted by the small moon 
is much less than that exerted by the earth. 
On the surface of Jupiter, which is many hundreds 
of times as large as the earth, the same pound- 
weight would tax the strength of the strongest to 
support. On the surfaoe of the sun not even the 
strongest could lift it. Nevertheless, though the 
weight of this piece of iron vanes according to 
the foroe of gravitation,* there is always the 
same amount of stuff in it : and we express this 
character by the term mass. The mass of a body 
is a thing absolutely invariable, and would 
persist even were gravitation abolished, so that 
it ceased to have any weight at all. 

Inertia. It has been said that the prime 
character of matter is mass. This, however, as 
will be evident to the reader, does not tell us very 
much ; indeed it begs the whole question — for 
what gives the matter its mass ? But this 
fundamental property of matter may be expressed 
in another way. It is a characteristic of matter, 
as we shall subsequently see, that when at rest 
it will remain at rest until some force is applied 
to move it: and when in motion, as Galileo 
first proved, it will continue in motion, in one 
straight line, for ever, at one constant speed — 
unless some force is applied to arrest or 
accelerate or divert it. This property it is 
from which we have really derived our notion 
of mass ; and the technical name for it is inertia. 
The reader must not imagine that inertia means 
a tendency to remain at rest when at rest or to 
oome to rest when in motion. Inertia means 

• So delicate are the balances employed by modern 
physicists that H is possible to detect the difference In weight 
of. two cubes of metal, acoording as they lie side by side in 
the scale-pan or one upon the other. In the latter case, they 
welriileet, atnoe the uppermost one ia further from the earth, 
and la, therefore, subject to a weaker aotioo of gravitation. 
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•, ; fki property of nuttsf in firtw of ihibh it 
foes on doing what it is doing, goes on resting 
when at rest, goes on moving in a straight line 
at unchanged speed when in motion. Now 
physicists have agreed that this inertia is really 
the essential property of Matter. 

TheNature of Electrons. This granted, 
letf us anticipate the conclusion of the whole 
argument, and take it that we must direct our 
attention not to the atom but to the electron* or 
corpuscle*, of which atoms are now known to be 
oomposed. The ideas which we have formerly 
entertained of the atoms may be readily trans- 
ferred to the electrons. They are presumably 
indivisible, it would seem that they occupy 
space, and they have mass. The mass has been 
measured, and is found to be constant in all 
electrons. Since they have mass, they have 
inertia , which, as we have learnt, is really the 
very property of matter that gives rise to our 
notion of mass. But it is found that these 
electrons have electrical characters ; they are 
charged with what is called negative electricity. 
[See Electricity.] At first it was said that 
they carry a charge of negative electricity. 
Then physicists began to see reasons for doubting 
whether there was anything there but the oharge 
of negative electricity ; whether, indeed, the 
electrons do not consist of units or atoms of 
negative electricity. The inertia 'which has been 
agreed upon as the essential character of matter 
was found to be a property of electricity ; it 
was found to be none other than electrical 
inertia . 

So it became necessary to conclude — since 
matter, to use the words of Mr. Balfour, had 
been “ not only explained, but explained away 99 
— that matter is made of electricity , or is merely 
an electrical phenomenon. Hence the question 
arises — What, then, is electricity ? 

Without trespassing upon the subject matter 
of another course, we may here briefly say that 
electricity is none other than *a mode or form of 
energy. It can be converted into other forms 
of energy, such as heat and light ; and they can 
be transformed into it. In other words, matter 
is merely a particular form of energy. 

Can Matter Be Transformed ? Now, 
if this bd so, if the most fundamental character 
or property of matter can be identified as a 
property of electricity, we must ask ourselves 
whether matter, like other forms of energy, 
can undergo transformation. This, as we have 
seen, the physicists of thirty years ago sum- 
marily denied. They declared that the units 
of matter had “ existed from the Creation, un- 
broken and unworn ” ; that they had upon 
them the stamp of the “ manufactured article.** 
But before this time Herbert Spenoer had 
advanced a theory that everything evolves — 
the theory of universal evolution ; and from this 
process he did not even exempt matter. When 
the new theory of matter — that it is a special 
mode of manifestation of energy — was framed, 
it became evident that we must seek for proofs 
that, matter, like other forms of energy, can 
undAgo change, or evolution. The tot that 



such change hat bean demonstrated may be 
indicated by the title — “The Evolution of 
Matter **— of a book lately published by the 
distinguished French physicist, M. Gustave Is 
Bon, to whom we really owe the pioneer work 
in our new views of matter. 

This leads us to a very serious oritioism of a 
dogma dear to the chemists, and believed by all 
until within the last year or two — the dogma of 
the “ Conservation of Matter.’* In the oourse 
on Chemistry the reader will see the reasons for 
believing that, so far as the purposes and 
experiments of the chemist are oonoemed, that 
dogma may be regarded as true. But it can no 
longer be regarded as ultimately true by the 
physioist. He, as we shall see, believes in the 
conservation of energy , and therefor© in the 
conservation, or indestructibleness, of that 
of which matter is a particular manifestation. 
But, in the light of the recent study of radium 
and radio-activity, ho can no longer believe in 
the conservation or permanence of that par- 
ticular manifestation of energy whioh we call 
Matter. 

The " Persistence of Force / 9 A 

remarkable instance of the insight that belongs 
only to supreme genius iB afforded in this 
connection by the book, “ First Principles,” 
which was published by Herbert Spenoer in 1861. 
Therein he insisted that the physicists of the 
time were wrong in not recognising that matter 
is a manifestation of an underlying power or 
force. He therefore declared that the doctrines 
of the conservation of energy and the conservation 
of matter should properly be included in one 
doctrine, which he called the persistence of force , 
meaning by force the power whioh is variously 
expressed as matter or light or electricity or 
any other form of energy. Spencer’s phrase 
cannot now be used, since the meaning of the 
word force has latterly been limited and changed, 
as we shall see : the term energy has taken its 
place. But now that matter has become as 
clearly understood by the physicists as it was 
forty years ago by the great philosopher, we see 
that the phrase, conservation of energy — to be 
dealt with fully in its proper place — must now 
be taken to mean exactly what Spenoer meant 
by his phrase “ the persistence of force.** Quite 
lately, Professor Haeckel, of J*n*. announced his 
discovery of a “ Law of Substance,** which is a 
somewhat mutilated form of Spencer’s law of 
the persistence of force, or, as it is now called, 
the conservation of energy. 

What la Energy? When he has read 

the following chapter, the reader will discover 
the paradox that, though we now have a far 
truer comprehension of matter than our fathers 
had, yet we recognise that we know far less 
about it than they thought they did. To say 
“ Matter is a form of energy ” is easy ; but to 
answer the ensuing question, “ What is energy?* 9 
is impossible. 

Those students of physics, however, who ass 
interested in even greater things than physios 
will note that the latest knowledge of soience is 
completely incompatible with that doctrine of 
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materialism to which science has been falsely 
alleged to lead, but which the most recent 
advances of science have rendered completely 
untenable. We may remember, however, in 
justice to the greatest thinkers of the nineteenth 
century, that none of them subscribed to the 
doctrine of materialism. It was by lesser men 
that this doctrine, now so utterly disproved, 
was advocated. 

It would be pleasant at this point to anti- 
cipate the detailed consideration of the greatest 
idea in physics, the idea of energy. But both on 
historical and on logical grounds it will be better 
to concern ourselves first with those facts upon 
which the idea of energy and the great assertion 
of its conservation or indestructiblcness are 
based. 

Definitions of Technical Terms. At 

the outset we are faced w ith an array of tech- 
nical terms, each of which seems to demand 
explanation. But, as so often happens, wo find 
on examination that many of these terms overlap 
or reduplicate one another : and wo shall rigidly 
reject all that are superfluous, since, if super- 
fluous, they are worse in that they make for 
confusion. 

The name still generally given to tho primary 
science of forco — which is all-important and soon 
to be defined — is mechanics (from tho Greek 
mechane — a machine) ; and the terms theo- 
rriical and practical mechanics are often em- 
ployed. But there are good reasons for con- 
fining the word mechanics to the study of forces 
on and in machinery. This use agrees with the 
obvious derivation of the w r ord ; it averts the 
need for tho uso of the qualifying adjectives ; 
and it does not interfere with the proper use 
of a much more suitable word — dynamics (from 
the Greek dunamis - force). If we follow’, as we 
w'ell may, the classification suggested in one of 
the last" articles written by Clerk-Maxwell, we 
must divide the whole subject of physics into 
tw’o main groups, of which the first consists 
of the fundamental science of dynamics. All the 
othor branches of physical scienco are secondary 
to this ; and it is tho great contemporary 
achievement of physics to show that this science 
is fundamental, that all the other branches of 
physical scienco, without exception, depend 
upon it. and are ultimately referable to it. Tho 
laws of light and heat and electricity, for instance, 
must ultimately bo shown to depend upon, or, 
at any rate, to bo absolutely conditioned and 
qualified by the law’s of dynamics. Physics will 
have reached perfection, in so far as any human 
scienoe can bo perfect, when the fundamental 
science of dynamics is able to express, in accor- 
dance with its law’s, all tho facta of all the special 
branches of physic*— the movements of the 
stars and atoms and the ether, the phenomena 
of light and sound and magnetism. 

What Dynamics Is. Dynamics, then, is 
the science of forces or force ; and we must 
eleaxiy understand, if possible, what is meant 
by the term. The use of it in English is as a 
translation of the Latin word vis, which was 
used by Newton in the first book of his master- 
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piece, the Principia. Newton’s definition is that, 
** Force is that which changes or tends to 
change a body's state of rest or motion.” 

Evidently, then, the word has a narrower 
meaning than that which we now attribute to 
the word energy, for we have seen that the 
bodies , or portions of matter which are acted 
upon bv forces, according to Newton’s definition, 
are themselves to bo regarded as manifestations 
or forms of energy. 

Force and Energy. We shall make no 

progress to a clear understanding of the sub- 
ject, unless w r e proceed to distinguish between 
use of the worn force and that of the word 
energy. In the whole realm, not merely of 
physics but of science in general, there has been, 
and is, no confusion more widespread or unfor- 
tunate than the confusion between these two 
words. To take one inst&noe from thousands, 
wo may quote a sentence which has been used 
during the last few months as the basis of an 
important argument, “No power, no energy, is 
required to deflect a bullet from its path, pro- 
vided the deflecting force acts always at right 
angles to that path.”/ 

The statement is utterly false, and is, indeed, 
a flat contradiction of Newton’s first law of 
motion, soon to be discussed ; but the absurdity 
of it is best seen by transposing the words force 
and energy , and then reading the sentence again. 
It contains, of course, a flat contradiction, not 
only of the most certain law in physics, but of 
itself. The author has not begun to under- 
stand the elements of his subject. But he is not 
peculiar ; the misunderstanding is all but uni- 
versal. This is partly due to the fact that the 
distinction requires care for its detection, and to 
the fact that it has not, until lately, been pro- 
perly insisted upon by writers on physics, but 
it is also due to the fact that our use of the word 
has not been constant in the past. The words 
have been used synonymously. 

Energy includes Force. What we know 
as the law of the conservation of energy used to 
be called the law of the conservation of force ; and, 
in ordinary speech and writing, the terms energy , 
force , and power are all used as if they were 
synonymous. It would be much better if men 
would content themselves with the word power , 
w hich has no very special uses in science, outside 
mathematics : and if, when using the others, 
they either stated clearly that they were using 
purely metaphorical language, or else observed 
the scientific distinction between them. If this 
long homily has not been effective we can only 
regret that we did not make it ten times longer. 
But the reader will surely have only himself to 
blame if he falls into the common error after 
reading this chapter. 

The word energy , as we shall see in due course, 
is now used to describe that which is really the 
underlying and essential fact of all phenomena 
save those of mind. Certainly this includes the 
phenomena of motion ; and hence the forces 
which are studied by dynamics are manifes- 
tations of energy. That is to say, energy 
includes force, but is immensely wider in its 
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meaning. Forces are forms of energy, and the 
study of forces thus throws much light on 
energy ; but though the relations between the 
two terms are so intimate they must always be 
distinguished. 

The Two Forms of Energy. We must 
anticipate a little, and observe that energy 
is displayed in two forms, called potential and 
kinetic. Potential energy is as real as any other ; 
but it is latent or unexpressed in anything 
obvious. Kinetic energy , on the other hand, is 
the energy possessed by bodies when they are 
in motion (from the Greek kinesis = motion) : 
and this kinetic energy they possess in virtue 
of the forces which have produced that 
motion. 

Now, before ho reads a line further, the philo- 
sophic reader will insist that he be presented 
with some account of what we mean by motion. 
The shortest possible definition of force is “ that 
which changes the motion of a body ” ; and so 
it is plain that we have not completely defined 
force until we have defined motion, since our 
idea of the one depends entirely on our con- 
ception of the other. 

Motion may be of two kinds, and every motion 
of every body, complicated or simple, consists 
of one or other of these, or of a combination of 
them. They may be illustrated by the case of 
the earth. The earth moves onwards round the 
sun ; and that is a motion of translation (lite- 
rally, “ carrying across.”). But the earth also 
moves round and round on her own axis ; and 
that is a motion of rotation. If the earth’s 
motion of translation ceased, we should still 
have night and day, duo to her continued 
motion of rotation, but we should have no 
seasons. If her motion of rotation were to 
cease, we should still have our seasons, but the 
changes of night and day would cease. 

The Two Kinds of Motion. Thus the 
earth illustrates a comparatively simple case 
of combination of the two kinds of motion. 
But the case is not really so simple after all, 
for astronomers have shown that the sun and 
his family, of whom the earth is a part, are 
moving as a whole through infinite space at 
the rate of about twelve miles a second. No one 
knows whether this motion is in a circle or in a 
straight line or in any other of the infinite 
number of possible directions, but it is certainly 
occurring. Hence the earth has really two 
movements of translation — one round the sun, 
one with the sun to unknown regions — and one 
of rotation. Indeed, she has many more, but 
iet us take an illustration which the writer has 
already employed elsewhere. Let us consider 
the case of one of the corpuscles or electrons 
that go to compose an atom on the surface of the 
moon. 


Complicated Motion. This corpuscle 
partakes of the following motions at any rate, 
and probably of many more. It is moving 
within the atom, probably revolving round the 
centre of the atom as the earth revolves round 
the sun. The little corpuscle may also be 
rotating on its own axis, as the earth rotates on 
hers. The corpuscle also partakes of that 
vibratory or to-and-fro movement of the atom 
as a whole, which constitutes what we call heat. 
It is also being drawn gradually towards the 
centre of the moon as she cools and shrinks. It is 
also in motion as the moon rotates on her own 
axis. It is also in motion as the moon revol yes 
around the earth. It has another motion due to 
the fact that the moon accompanies the earth 
in her revolution or movement of translation 
round the sun. And, linally, this tiny, cor- 
puscle is moving, with the atom of which it 
forms a part, and with the moon and the earth 
and the sun, through space — apparently towards 
the bright star Vega, familiar to every star- 
gazer as the most prominent star of the con- 
stellation Lyra. In addition, it is quite pro- 
bable that the solar system and Vega ana ull 
the other stars w*o know are in mot ion together, 
as a gigantic whole, through boundless space. 

Our illustration is more impressive than that 
often quoted, of the man w'ho walks backwards 
along the deck of an on W'ard -moving ship — 
which, in its turn, partakes of all t he movements 
of the earth. Let us consider the corpuscle in 
the atom on the moon ; or the man on tho ship. 
Though each partakes of all these motions and 
many more, yet we cannot but believe that each 
is moving only in one direction in space at any 
given moment of time. The resultant of all tlie 
forces impressed upon the man or the corpuscle 
is that he or it has an absolute motion in a 
certain direction at a given moment — as a 
consequence of the interaction of all the various 
motions which we are able to recognize. But 
it is plain that no one can say what the absolute 
motion of the man or the corpuscle actually is — 
at what rate or in what direction. 

Limitations of Knowledge. Thus 
we have placed ourselves in a position to see 
one of the most profoi n 1 truths that we can 
recognise — a truth of equal importance to the 
physicist and the philosopher. This truth is 
that we know nothing whatever as to the abso- 
lute motions of bodies in space, but only as to 
their relative motions. We can say positively 
that a train is moving at the rAte of sixty miles an 
hour. But, indeed, the train is moving eighteen 
miles a second in om direction, with the move- 
ment of translation of the earth ; twelve miles a 
second in another, with the movement of the 
solar system as a whole ; a thousand miles an 
hour — if at the equator — in another, with the 
movement of rotation of the earth, and so forth. 


To be continued 







The County Council*. All boroughs 
with * population of over fifty thousand were 
raised to the status of County Boroughs by the 
Local Government Act, 1888. In eaoh oase the 
governing authority is known as the County 
Borough Council , and possesses the powers of a 
county authority as well as those of a municipal 
corporation. Many of the boroughs and county 
boroughs enjoy special privileges of their own, 
either by statute or by charter. 

The County Councils are eleotive bodies acting 
for the several counties, except the districts of 
the county boroughs. Their very responsible 
duties in respect of main roads and education 
have already been mentioned. They also con- 
trol the county police, maintain local lunatio 
asylums, reformatories and industrial schools, 
prevent river pollution, receive the county rate, 
grant licences for music and dancing, as well as 
for theatres and racecourses, and enforce certain 
statutes and by-laws. Lastly, they are required 
to regulate and supervise generally the work of 
the various local bodies within the county. 
For all these duties a large professional and 
clerical staff is needed. 

Apart from the Poor Law and the special 
characteristics of London, our brief survey of 
local government in England and Wales is now 
complete. It may be useful to add the number 
of local authorities of the several grades described. 
They are as follow : 


Parish Counoils 

. . 6706 

Rural District Councils 

. 672 

Urban District Councils 

.. 817 

Town or Borough Councils . . 

.. 250 

County Borough Councils . . 

66 

County Councils 

G2 

Total . . 

.. 8573 


Scotland and Ireland. Scotland and 
Ireland were not affected by the Municipal Cor- 
porations Act of 1882 and the Local Government 
Acts of 1888 and of six years later — the three 
statutes that have swept and garnished the 
English municipal system. And although each 
country has sinoe been remodelled on somewhat 
similar lines, their internal affairs remain, per- 
haps, less effectively administered and less 
under popular control than in England. 

In Scotland, for instance, the county authority 
is vested in a council not unlike its English 
model, but without aldermen, and possessed of 
fewer powers ; whilst sheriffs, appointed by the 
Crown, exercise certain functions which, south of 
the Tweed, are vested in elective bodies. The 
Scotch corporations or burghs are, if anything, 
more powerful and more democratic in organisa- 
tion than the English. 

One curious feature of Scotch town councils 
is their control of the u Common Good Fund ” 
— the common purse of the borough, which 
i s readily available for any objects directly 
beneficial to its inhabitants. English corpora- 
tions, with their strictly guarded finances, and 
the fear of “ surcharges ,T always before their 
•yes, would welcome this characteristic of the 
towns beyond tha Tweed. 


own. sftftvtes 

A Model for Municipalities. With- 
out discussing Sootch local government in 
detail, it will sufiioe to add that, in its leading 
oities at least, it is generally acknowledged to be 
strikingly successful. Glasgow, for instance, 
stands as a model of municipal courage and 
foresight. In the words of an expert, “The 
Corporation has carried out bolder schemes and 
undertaken greater and newer enterprises than 
any other public body. The vast improvement 
scheme which began in 1866 has revolutionised 
the physical and moral condition of the people. 
Beginning with the clearaneo of the most 
insanitary areas and the most densely crowded 
centres of the city, the Improvement Trust 
constructed wide streets where congested 
courts formerly stood ; it presented the city with 
a magnificent park ; it set on example nearly 
thirty years ago in the erection of municipal 
lodging-houses on a large scalo ; it has carried 
out groat building schemoa. The Health Depart- 
ment has adopted an admirable system of 
sanitary vigilance and beneficent coercion, which 
has all helped to improve the health and Booial 
condition of the people. The introduction of 
water supply from Loch Katrine was also of 
incalculable benefit.” 

Municipal trams, telephones, gas, electric 
lighting, ferries, baths, markets, slaughter-houses 
and many other municipal additions to the 
comforts of life are enjoyed by the Glaswegian. 

Incidentally it may be mentioned that those 
far-reaching activities involve the maintenance 
of a colossal staff, many members of which enjoy 
very handsome salaries. 

Local Government in Ireland. A 

clean sweep of the old grand jury system, and 
of many other municipal privileges and abuses, 
was made by the passing of tho Local Govern- 
ment Act for Ireland in 1898. Internal adminis- 
tration is still very limited, and is hampered by 
many difficulties and prejudices, but it has been 
greatly stimulated by the now conditions, and 
tho outlook is more promising than it has ever 
been. The new Irish system is electoral, resting 
on the Parliamentary franchise. Tho counties 
are divided into urban and rural districts. Of 
those, the former class comprise six county 
boroughs, a number of urban sanitary districts 
raising their own rates and administering the 
Public Health and Housing of the Working 
Classes Aots, and certain towns controlled by 
commissioners instead of councils. 

Tho rural district councils, acting under the 
control of the county authorities, have very 
limited powers in respect of publio works, water 
supply, and the Public Health Aots. For their 
funas they are dependent on the county councils, 
which levy a general county rate on all save 
urban districts. Outside these last-named dis- 
tricts the administrative power is mainly in the 
hands of the County Councils. Irish municipal 
work is, indeed, still in its infancy. Large staffs 
and high salaries are almost unknown outside 
the offices of the county councils and leading 
boroughs ; and although indications of a general 
advance in local activities are not wanting, it 
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will be long ere Ireland offers capable municipal 
officials a field in any way comparable with that 
afforded by England. 

The Rule of London. London not 
only forms the most striking of object -lemons in 
(he possibilities attending a skilful and enter- 
prising policy of government — it has an especial 
interest for us as the widest of fields for ambition 
in the Municipal Service. For both reasons it 
will be worth our while (o select the English 
capital for a somewhat detailed study of muni- 
cipal work. From one point of view we shall 
have to consider tho colossal difficulties and 
problems involved in the administration of bo 
vast a city ; from the other, our interest will 
be rather in the officials engaged in that task — 
their salaries, dutios, and prospects. 

Long tho despair of municipal reformers, and 
afterwards tho most complex and vital among 
the many puzzles confron ing them, the Metro- 
polis bids lair to be their greatest triumph. The 
commercial and political centre of the Empire, 
London stands alone among cities. With a 
population greater than that of Scotland, an 
area rated at more than forty millions sferling, 
and with property and commercial int ores' s of 
literally incalculable value, it has a supreme 
claim to sound, bold, well -organised self- 
government. 

Yet that claim has been almost disregarded 
until within the last 20 years. Tho town was 
suffered to grow up as best it could, in a tangle 
of jurisdictions and interests that strovo like 
weeds in an untended garden. Tho policy one 
parish adopted was opposed by its neighbour ; 
and in the absence of any strong central authority, 
no effective measure for the hot torment of 
London as a whole was possible. Situated in 
three counties, with a wealthy and independent 
corporation at its centre, the capital was divided 
into a medley of parishes, liberties, outlying 
parochial areas, ana other quaint elements of 
confusion. Lighting, drainage, rating and other 
authorities acted independently, without any 
regard for uniformity or system. The old 
Metropolitan Board of Works, it iB true, did 
something in the direction of street improve- 
ments down to its timely decease in 1888 ; but 
it was neither a strong nor a popular body, and 
its efforts loft municipal London a veritable 
hotch-potch still. 

Creation of the M L.C.C.” A great 
mass of incongruities and anomalies was shat- 
tered at a single blow by the Local Government 
Aot of 1888. London was created a county in 
itself, instead of owing a divided allegiance to 
Middlesex, Kent, and Surrey; and over the 
various and often conflicting local bodies was 
placed a really strong representative authority, 
the London County Council. 

Unlike tho Board of WorkB, which it replaced, 
this was from the first a body ohosen directly by 
the electors, and its popular character has enabled 
it to go far in the task of simplifying London 
government and reducing it to a system. Later 
legislation has aided this work by abolishing 
various so-called Commissioners ana transferring 
their powers to eleolive councils ; and in 1899 
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a statute was passed which operated powerfully 
in the same direction. Its effeot was to replaoe 
the vestries, district boards, and other perplexing 
sub-authorities by 28 Metropolitan Borough 
Councils, with frontiers such as reasonable men 
could understand. Finally, in 1903, the Educa- 
tion (London) Aot handed over all the powers 
and belongings of the London School Board to 
the County Council. 

The problem of unifying London is by no 
means yet solved, however. The County Council 
has practically no control over the heart of its 
area — that famous square mile belonging to the 
City Corporation. Certain olher authorities 
exercise special or local powers within the spheres 
of the county, city, and borough councils. The 
Police Commissioners, Thames Conservancy, and 
Asylums Board are instances in point. There are 
many Londons, each with differing boundaries 
— the administrative county, the police area, the 
Londons of the Post Office, County Courts and 
Police Courts. 

The County Council** Great WorK. 

There are thousands of careers open for young 
men and young women under the London County 
Council. It is not easy to convey an adequate 
notion of the amount and varied nature of the 
Council's work, for which task it has bsen 
equipped by Parliamentary powers considerably 
greater than those possessed by any other county 
council in tho Kingdom. It expends every year 
some eight and a half million pounds in the course 
of it 8 labours. For the education of London's 
children it employs 21,000 teachers and 1600 
other officers. The Council’s asylums occupy 
ano her 3,600 permanent officials, its tramways 
3,000 more, and the remaining departments an 
additional 5,600, exclusive of several thousand 
workmen and temporary assistants of various 
sorts. The total permanent staff of the L.C.C. 
is thus over 34,000 of all ranks — a larger army 
than that W'ith which Napoleon won his stub- 
bornly contested victory at Areola. 

This great force of workers is grouped into a 
number of departments, each in charge of a 
responsible and highly paid officer, and con- 
trolled by an expert committee of the Council. 
A reference to the activities of those divisions 
will show veiy clearly the variety and vastness 
of the Council's undertakings. 

The engineering branch, for instance, num- 
bering 1.314 employees, is occupied chiefly in 
the gigantic ana supremely important task of 
dealing with London's main drainage. It has 
charge of 288 miles of main sewers, draining an 
area of 140 \ square miles and discharging almost 
exactly 260 million gallons daily. When there 
is added to the labour involved in treating this 
enormous volume of sewage, the charge of 
London '8 bridges, and such occasional engineering 
fe&tB os constructing the Blaekwall Tunnel, it 
becomes clear that the chief engineer's stipend 
of £2,000 a year is fully earned. 

The Council's Fire Brigade forms on equally 
large department, justly famed for its smart, 
well-trained staff, and up-to-date equipment. In- 
cluding the river section, its services are invoked 
about a doz>n times a day. 
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Outdoor Careers. The 5,000 acres of 
parks and pleasure-grounds maintained by the 
Council need merely passing reference. The 
works department, with a small permanent staff 
of building and engineering experts, undertakes 
numerous works, such as artisans' dwellings, fire 
stations, asylums, and street-making, upon which 
over 2,000 workmen are constantly employed. 
The Public Health branch, under medical 
experts, supervises the work of the local sanitary 
authorities, inspects the seamen’s and common 
lodging-houses of London, and punishes any 
lack of cleanliness, keeps a watchful eye on 
outbreaks of infectious disease, frames new 
bye-laws and regularions on Public Health 
matters, and in many other ways does invaluable 
work in preserving the well-being of the citizen. 

Nowhere has the enterprise of the County 
Council been bolder or more successful than in 
the huge schemes of its Improvement Committee 
for drastic alterations, designed to add to the 
dignity and usefulness of certain of London’s 
main thoroughfares, and to render the aspect of 
the capital more worthy of itself. If London’s 
ugly, awkward and narrow streets are becoming 
things of the past, it is largely due to the vigorous 
policy of this supreme authority. A great and 
valuable work is performed by another com- 
mittee of the L.C.C. in the maintenance of 
London’s 17,000 lunatics and epileptics. Tho 
annual expenditure is £520,000, of which no less 
than £160,000 is devoted to the salaries and 
wages of the large staff of doctors, nurses, 
attendants, and other officials necessarily em- 
ployed in the county’s nine asylums. 

Under the heading of municipal locomotion 
we may include the Thames steamboat ser- 
vice, organised in the spring of 1905, the 48 
miles of municipal tramways in North London 
leased to a commercial company, and the 46 
miles on the south side of the Thames owned 
and worked by the Council itself. The Council’s 
tramway policy of low fares and liberal wages 
has been amply justified by the event. Ti e 
efforts made by the Council to abolish slum areas, 
and to provide cheap, wholesome housing accom- 
modation for the working classes in their stead, 
form another interesting chapter in the long 
record of its stewardship. Schemes at 
present in hand provide for the housing of no 
fewer than 80,000 workers. 

Education. There is little need to enlarge 
upon the educational work of the Council, its 
latest and most colossal under taking. The whole 
system of elementary education has been taken 
over bodily from its creators, the now defunct 
London School Board. Briefly, the duties in- 
volved are the teaching of 550,000 children in 
ordinary schools, the maintenance of truant and 
industrial schools for the wayward and of special 
centres for the defectives, ana carrying on evening 
schools for manual, technical and domes ic 
education, and for the training of a large staff 
of pupil teachers. The sum paid annually in 
teachers' salaries alone already reaches £1,600, 000. 
To this task the new education authority has 
added a liberal and comprehensive system of 


scholarships, enabling clever ohildren, however 
poor their parents may be, to climb the educa- 
tional ladder to its topmost rung. 

Diversity of Work, Other activities there 
are whioh must be passed over unnoticed, but 
our review of the Council’s work must not omit 
the servioes performed by its “Public Control 
Depart ment. Tho work of t his depart mont has 
been admirably summarised by an authority in 
municipal affairs. “ The diversity of its dut job ” 
(he writes) “ranges from regulating 1 ho foeding 
of babieB to the inspection of dynamite and the 
control of coroners’ inquests. Outside tho City, 
it checks and inspects all weights and measures ; 
tests the accuracy of gas motors, tho milk-can 
and the beer-glass ; and ascertains that tho coal 
is of correct weight and guaranteed quality. It 
protects us (Londoners) from tho danger of fire 
arising from storago of inflammable liquids, and 
has done its best to secure tho safety of |X'troloum 
lamps — tho light of tho poor, it extends its 
protective influences to the animal world, and 
stamps out contagious diseases in horses, cattle, 
and other animals.” 

By such varied means tho great ost. of tho 
County Councils is occupied in pro' coring its 
citizens and making London tho best govornod 
oity in tho world. The officers employed to 
carry out its designs are liberally remunerated 
for thoir efforts. The Council’s pay-list includes 
five posts of £2,000 and twelve others at figures 
between £1,000 and £1,500. There are numerous 
appointments carrying intermediate salaries, 
down to tho £500 which represents tho maximum 
attainable by staff officials not singled out for 
special promotion. 

The Borough Councils. Since 1899 
the local control previously oxorcisod by the 
London vestries ana district boards of works has 
been in the hands of certain special authorities 
created by tho London Government Act of that 
year. These Metropolitan Borough Councils, as 
they are called, havo certain characters distin- 
guishing them from the general Borough Councils 
of the provinces. As sanitary authorities they 
possess special powers under a Public Health Act 
limited to London. They maintain all main 
roads in their area, may undertake street 
improvements, and may promote bills in Parlia- 
ment. Generally, however, their work resembles 
that of the county borough authorities described 
earlier in this Course ; but the Metropolitan 
boroughs, as a rule, require t ho services of a 
larger staff, and their average level of remunera- 
tion is higher than prevails in the provincial 
offices. 

An analysis of the actual figures relating to the 
staff of a typical Metropolitan council office 
(without elec rical works) gives the numbers 
employed as follow : 


Surveyors’ Department . . 

.. 50 

Raring and Registration . . 

.. 32 

General Staff 

.. 35 

Libraries 

.. 35 

Public Health Department 

.. 17 

Burials Department 

.. 6 

Total .. 

.. 175 
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stout £400 ; Accountant sod Valvar, £980 
ana £300 respectively. Among the derioal staff, 
the highest post oarries£420, the rack aid file 
rising by regular increments to £200. Sanitary 
Inspectors reach about the same maximum. 
The four leading librarians receive respectively 
£800, £280, £230, and £100, with a residence 
apiece ; whilst the remuneration of the rate 
collectors varies from £230 to £160 a year. 
These figures will serve to indicate the wide scope 
afforded by the offices of the twenty-eight 
Metropolitan Borough Councils. 


The City Corporation. In the very 
heart of modem London, with its newly created 
authorities, exists the most ancient and famous 
of all municipalities, tracing its history back 
nearly a thousand years. The position of the 
City Corporation is singular on more than 
historical grounds. Geographically its area is 
insignificant — a mere 672 acres, or just over a 
single Bquaie mile, which is about one-seventh 
the size of Camberwell Borough. Yet it is by 
far the wealthiest and most influential comer of 
London — the capital's commercial capital. 

The City is governed by a Court of Common 
Council, composed of the Lord Mayor, 26 Alder- 
men, and 200 Common Councilmen. The Lord 
Mayor himself is elected each year from and by 
the Court of Aldermen, on the nomination of the 
Livery. The Common Councilmen are appointed 
annually by the votes of the Livery, which is an 
electorate composed of members of the ancient 
Trade Guilds or Mysteries. Each of the guilds 
was originally a defonsivo association of traders 
engaged in the same calling, though nowadays 
members of the Armourers', Girdlers', Bowyers’, 
or Patten Makers* Guild would be puzzled if 
called upon to exercise their craft. 

Municipal Poata in the City. Always 
an independent county as well as a munici- 
pality, the Corporation, though it has so far 
yielded to modem influences as to admit the 
London County Council to some share in its 
administrative control, still preserves many of 
its quaint and unrivalled privileges of self- 
government. It elects its own Sheriffs, has its 
own Commission of Lieutenancy and Justices of 
the Peace, and its own Courts of Law. More 
singular still, it possesses a body of polioe which 
(says that expert in matters municipal, Mr. 
Robert Donald) “ is the only really municipal 
police force in the country, as it is independent 
of the Home Office.” 

For almost all purposes of administration the 
Court of Common Council appoints its own staff 
of officials. It controls the five principal markets 
in London, maintains a museum, art gallery and 
several important schools, owns four of the 
bridges over the Thames, and lights, paves, and 
cleanses in faultless fashion the streets within its 
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msd ic ^ officer and a staff of iaumectors to prevent 

contagion from entering the Thames. 

The majority of City appointments are made 
or approved by the Court of Common Council or 
its committees. In respect of salaries the Cor- 
poration is oertainly the most liberal xnunioipri 
employer in the Kingdom Of its relatively 
small staff, eight officials reoeive £2,000 a year or 
more, and nine others are paid from £1,000 to 
£ 1 , 600 . The stipend of the Clerk to the Lord 
Mayor is £ 1 , 160 , and that of the librarian, £850 ; 
whust the responsible office of sword-bearer is 
remunerated with a salary of £ 600 . 


London'a Minor Authorities. To 

complete our review of London government 
we must glance at one or two minor authorities, 
whose work is restricted to a few special 
functions. The foremost of these is the Metro- 
politan Asylums Board, a central authority 
created for the reception of insane paupers, ana 
of those suffering from smallpox and other 
infectious diseases. It has long outgrown its 
original scope, however ; and besides maintain- 
ing five imbecile asylums and two schools for 
afflicted children, possesses twelve fever hospitals, 
at whioh other than pauper patients are ad- 
mitted. It also maintains a tran'ng ship for 
workhouse boys, an ambulance service over the 
whole of London, and several other undertakings. 
The appointments under its control are chiefly 
medical, nursing, and domestic. 

London is singular among towns in that the 
control of its huge police force — except in the 
City proper — is neither municipal nor county, 
but is vested in a separate authority, the Com- 
missioners of Metropolitan Police, who are amen- 
able only to the Secretary of State. They play 
no other part whatever in the government of 
the capital. 

The Metropolitan Water Board is a recently 
constituted body composed of representatives of 
local county, borough and district councils, which 
has taken over the systems of the eight water 
companies supplying the Greater London area, 
in order to manage them in the interests of the 
ratepayer. 

The River. The last of the special 
authorities to be considered, the Thames Con- 
servanoy Board, is another assemblage of 
representatives of various local and national 
interests, with a sprinkling of trade delegates. 
Its functions are of vast importance to that 
waning feature in commercial life, the Port 
of London. Briefly, they are to maintain the 
river in an efficient state for navigation, and 
to prevent its pollution. For these purposes 
a large staff of inspectors, river keepers, boat* 
men and other waterside officials is constantly 
employed. 


To be continued 



1a BtOlGE OF A CAREER 


CfECENT yem have witoemd the entry of 
women into many fields formerly denned 
to be exclusively for mm. These details regard- 
ing some of the principal careers for women may 
A to solve the promem, “ What shall we do 
with our girls ? ” The full ooursee in the Seli- 
Educator oonoeming each profession should be 
consulted by all who would enter upon any of 
these careers. Some available careers which 


are equally open to both sexes are not touched 
upon here, as they are noticed in a previous 
article on page 161 ; and for other openings not 
inoluded in this summary the reader is advised to 
consult the fuller sections of the Self- Educator. 


Accountants. For women with an apti- 
tude for figures, there are openings as accountants 
and auditors. The training is the same as for 
men. The candidate should be sufficiently well 
educated to pass the preliminary examination 
of the Institute of Chartered Accountants, 
although membership of that body is still denied 
to women. She should be articled to an accoun- 


tant for five years, and pass the three prescribed 
examinations. The cost of training is from £100. 
Age limit from 18 to 21. Women are frequently 
employed to audit the accounts in girls* schools 
and colleges. [See pages 148-9.] 

Bookbinding. This is work which may 
often be done by women in their own homes 
A thorough training is necessary, as well as 
artistic instincts. A twelve months’ course of 


training costs about £70. It is fairly remuner- 
ative. 


Chromo-lithography. Three years are 
necessary to become fully acquainted with the 
work. There are many openings both at home 
and in the Colonies for workers who are well quali- 
fied. Salaries average from 20«. to 35s. a week. 

Church. In the United States hundreds of 


women have been ordained, and are practising 
as ministers, but there are, so far, no openings 
of the kind in the United Kingdom, although 
one lady has recently been appointed pastor of 
a church in a provincial town. A number of 
women find employment as church workers, but 
this work is never well paid. Bible women, 
when trained at one of the homes in connection 


with various charitable organisations, are paid 
from £40 to £60 a year. The Church Army 
Mission nurses are paid 14s. a week, with lodging. 

Civil Service. An increasing number of 
women find employment as clerks in the Civil 
Service, chiefly in the various branches of the 
Post Office. Posts are obtained by open com- 
petitive examination, in which a high standard of 
proficiency must he attained, as competition is 
very keen. The examination is in the usual 
English subjects and two foreign languages. Fee 
7 s. 6 d. The age limit for women clerks is from 
18 to 20, salaxy to begin £55, rising to £100 per 
annum. One month’s holiday is given, and a 
pension or gratuity on resignation. For girl 
clerks, the age is from 16 to 18, and the beginning 
salary £35. At the end of two years they 
may be promoted, if competent, to the rank of 


Y 


women dorks, starting at a salary of £65. 
Female sorters in the Post Office pass an exami* 
nation in English. Age limit 15 to lk Salary 
begins at 12$. a week and rises to 21*. 6 i. 
Between the ages of 18 and 25 sorters may enter 
the open competitive examinations for women 
clerks. Hie security of tenure, short working 
hours, and length of holidays, together with the 
prospect of a pension, make this a very desirable 
career for women. 

Commercial Travellers. A few women 
are employed as commercial travellers in Eng- 
land, and a much greater number are doing 
well as such in the United States. Hie posts 
obtained in this country are chiefly in con- 
nection with the drapery trade, and are usually 
given to employes who have shown special 
ability and are well acquainted with the business 
of their firm. 

Dairy Work. The training at one of the 
dairy schools recognised by the Board of Educa- 
tion lasts from six to twelve months, and costs 
about £1 to 30s. a week, including board and 
residence. Salaries paid to dairy teachers under 
the county councils range from £1 5s. to £3 a 
week. Superintendents of dairies on private 
estates are paid from £25 to £60 a year with 
board and residence. 

Dentistry. There are few women dentists 
to be found in England, although numbers are 
practising in the States and Canada. The 
Royal Colleges of Surgeons of Dublin and Edin- 
burgh grant the diploma in Dental Surgery to 
women, who may then be registered for practice 
by the Medical Council. The cost of training is 
somewhat less than for medicine. 

Diapenaera. The highest training of 
women dispensers consists of a three years* 
apprenticeship to a qualified chemist, to whom 
a fee of from £50 to £70 may in some cases have 
to be paid. Training and examinations are os 
for men. [See page 161.] Women have obtained 
posts as dispensers in hospitals and other 
institutions at from £80 to £150 per annum. 
There are also openings as dispensers to medical 
men, who often accept the certificate of the 
Apothecaries’ Assistants’ Examination, together 
with a course at a school of Pharmacy as suffi- 
cient qualification. The average tuition fee for 
a three months’ course at a school of Pharmacy 
is about ten guineas. 

Domestic Science. Technical Education 
in Domestic Science is a development of quite 
recent years, and the profession of domestic 
science teacher is one which is very suitable for an 
active woman of good education. Training 
lasts about two years ; the cost of the complete 
course varies from £18 18s. to £55. Instruction 
in cookery, laundry work, dressmaking, millinery 
and hygiene is given in schools of cookery 
throughout the country, also in both elementary 
and secondary schools. Salaries of teachers for 
these posts range from £70 to £250 a year. There 
are also posts obtainable under borough coun- 
cils, and sometimes particularly good colonial 
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appointments are offered to domestic science 
teachers trained in England. 

DreMmaKini. There are always plenty 
of openings for clever women in dressmaking. 
Apprenticeship lasts two years. In a good 
house the premium, if indoors, is usually from 
£60 to £100, and, if the apprentice lives at home, 
about £30 to £60. On expiry of apprenticeship 
a post is usually taken as improver for about 
six months, when assistants’ posts may be 
obtained at from 10s. to 16s. a week, rising in 
the case of a good worker to £2 a week. A 
really first-rate fitter can obtain £5 a week. 
Women who mean to start in business as dress- 
makers should spend at least some months at 
the practical part of the work, and should 
understand stockpiling. To start in London 
at least £1,000 capital would be necessary, as 
credit must l>e given. 

Florists, Apprenticeship is usually for three 

r rs. During fiart of this time wages of 3«. to 
a week are paid. Afterwards assistants may 
earn from 1 5s. to 25s. or 30s. a week. Premiums 
of from £5 to £30 are usually paid for loaming 
florists’ work. 

Gardening. A course of instruction at a 
horticultural college such as that at Nwanley or 
the Lady Warwick (College, Heading, usually 
lasts from two to throe years. Fees arc from 
£70 to £80 a year, including board and residence. 
Instruction is given in horticultural science, 
flower, fruit, and vegetable growing (out of doors 
and under glass), market work, packing and 
storing. Dairy work, poultry farming, and bee- 
keeping are extras. When trained, some students 
obtain positions as lecturers and teachers. Lady 
gardeners are seldom paid more than £1 a week 
to begin with. Thoy frequently take resident 
places as companion-gardener to some lady. To 
start in business as a market gardener it is 
necessary to have at least £900 o&pital. 

Haird resting. In the opinion of some 
hairdressers there are openings for women in 
this business. The term of apprenticeship is 
two years. When the various branches of the 
work are thoroughly mastered, an assistant can 
command from 15s. to 35s. a week, usually with 
a percentage on all articles sold. 

Hygiene. There are many well-paid 
appointments open to educated women who are 
trained in hygiene. A certificate may be 
obtained from Bedford College, London, by 
students who pass the examination held at the 
end of one year’s oourse in scientific and practical 
hygiene. The fee is 27 guineas. A shorter and 
less expensive course may be obtained at the 
National Health Society, Berners Street, London. 
The fees there are 15 guineas for six months. 
For women so qualified, posts have been held 
as Factory Inspectors, Sanitary Inspectors, 
Lecturers under the County Councils, and 
Inspectors under the Shop Hours Act. 

Illustrating and Fashion-Plate 
Drawings. Many women who have received 
an art training can command good salaries as 
illustrators of books, magazines and ladies* 
papers. This is a profession which is not over- 
orowded. Women who desire employment of 
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this kind should send sets of specimen sketches 
to the editors of some of the illustrated papers. 

Indexing. Openings for work of this kind 
are always increasing. Indexing is a lucrative 
employment suitable for well-educated women. 
The training under an experienced indexer lasts 
from six to nine months, and the fees are from 
15 guineas. Women indexers have recently 
been appointed by the London County Council. 
The work can be done at home. Chaigee range 
from £2 2s. to £4 4s.per thousand entries. 

Journalism. The prospects for women in 
journalism are fairly good. Payment for special 
or occasional contributions is equal to that of 
men, although for regular reporting work women 
are paid less. Women are also handicapped at 
the outset by their inability to obtain the 
thorough routine training which is usually gone 
through by men, but, given a capacity for hard 
work, they frequently achieve success. 

Laundry Work. There is a steadily 
growing demand for thoroughly well -trained 
women in laundry-work, both as actual laun- 
dresses and as superintendents or manageresses 
of laundries. Tne course of training for 
manageresses in a good laundry usually lasts 
from three to six months. The fees are from 
£5 to £10. When the training is completed, if 
the pupil is thoroughly competent, she may 
obtain a position as forewoman or assistant 
manageress at a salary of from £1 to £2 10*. a 
week. The hours of work are long, being usually 
from 8 a.m. to 8 p.m., and the work is hard. 
Manageresses are paid from £2 up to £5 a week. 

Librarians. There are not bo many 
openings for women as librarians in this country 
as in the United States or Canada, nor are 
the salaries paid in England sufficiently remu- 
nerative to induce women of good education 
to take up what would otherwise be suitable and 
congenial work. The best plan to pursue in 
order to become a librarian is to attend the classes 
at the London School of Economics and enter 
for the Examination of the Library Associa- 
tion. The average earnings of a woman assis- 
tant in our public libraries is £50 a year. Head 
librarians are paid £100. 

Medicine. Women who desire to qualify as 
medical practitioners are subject to the Regula- 
tions of the general Medical Council in the same 
way as men. Women are admitted to medical 
degrees and diplomas equally with men. by the 
examining bodies of most British Universities, 
with the exception of Oxford and Cambridge. 
Posts are open to women doctors in the Post 
Office, and under the London County Council ; 
also in connection with many hospitals and 
dispensaries throughout the country. Many 
women are earning good incomes in private 
practice in Great Britain, while, owing to the 
fact that no man can enter the zenanas of the 
high-caste Hindoo, India offers a wide field of 
labour. Appointments are open both under 
Government and in connection with some of the 
various missionary bodies, the Dufferin Fund, etc. 

Millinery. Apprenticeship lasts two years ; 
at the end of first year wages about 5s. weekly. 
Assistants in wholesale milliners’ reoeive from 



12*. to 30». a week. In the West End shops 
engagements are often for the season only, when 
a very experienced hand can command from £2 
to £4 or £5 a week. To start in business in 
London about £400 capital is necessary, also 
technical training and a taste for the work. 
For such women the prospects of success are good. 

Needlework — Art At the Royal Sohool 
of Art Needlework, South Kensington, training 
lasts two or three years. Fees for two years’ 
certificate course £20 a year, and for three 
years’ diploma course £10 a year. Hand em- 
broidery, etc., is taught to amateurs. Fee for 
six lessons, 21a. to 30a. There are many other 
schools of embroidery in London and the 
provinces. There is a fair demand for work of 
this kind in connection with churches. It also 
commends itself to some women as being work 
which can frequently be done at home. 

Nursing. Hospital nurses receive a train- 
ing of three years in a hospital to which the 
average age of admission is from 23 to 30. Some 
hospitals require a fee of from £10 to £50. 
Probationers are usually paid from £8 to £15 a 
year with uniform. When the period of training 
is over the majority of nurses take up private 
work, usually joining one of the Co-operative 
Associations of Nurses. In these societies the 
nurses retain their own fees, only deducting an 
agreed percentage for expenses. Their salaries 
average from £72 to £110 per annum. Private 
nursing may also be undertaken for an institution 
at a fixed yearly salary, ranging from £20 to 
£40, with uniform, board and residence. Nurses 
who join Queen Alexandra’s Imperial Military 
Nursing Service, for work at home and abroad, 
are paid from £40, in addition to quarters, board, 
allowance, etc. Sisters receive £50 to £65. 
Matrons, £75 to £105, and the Matron-in-chief 
from £300 to £350. They also receive a pension 
upon retirement. Age for appointment from 
25 to 35. In the Naval Hospitals head 
suiters are paid £125 to £160 in addition to 
quarters ana uniform. Nursing sisters receive 
from £37 10*. to £50, with board allowance of 
15*. a week. District nurses in London or the 
Provinces are usually trained for two years in a 
general hospital, and six months in a district 
nursing home. Salaries from £26 per annum, 
with everything found. 

The training of maternity nurses is usually 
from three to six months in a maternity hospital 
or infirmary. Fees for this are usually £10 to 
£26. The Obstetrical Society of London holds 
examinations four times yearly, at which 
certificates are granted to successful candidates. 
Fee, 21*. A maternity nurse’s fee varies from 
£6 60. to £21 for a case. 

Photography. A course of instruction 
in photography at the Regent Street Poly- 
technic costs £52 10*., in addition to which a 
student should work for a few months as a 
pupil in some good studio. To start in business 
m London at least £500 capital would he neces- 
sary, although considerably less would suffice 
for the Provinces. Retouchers in photographic 
studios may be paid from 25*. to 40*. a week. 
For working up, 17*. fid. to £2 10*. a week. 


OMMM FOR WOMCM 

Physical Training. There appears to 
he a wide and, so far, unfilled field for women 
of good physiaue who are thoroughly trained 
gymnastic teachers. The course should extend 
over two years, and costs from £50 to £100, 
exclusive of living, or as resident pupil at a 
Physical Training College, from £90 a year. 
Resident teachers in schools are paid from £40 
to £50, non-resident teachers from £100. 

Printing. Apprenticeship lasts for three 
or four years, hut wages begin after about six 
months. At the Women’s Printing Society a 
premium of £5 is paid, and a small weekly wage 
is received from the start. The average rate 
of pay is 24*. a week, but it sometimes rises to 
34*. Women compositors who can spell well 
seldom fail to find work. 

Sanitary Inspector*. The number of 
appointments open to women under the County 
Councils is steadily increasing, and the work 
which has been done by those already appointed 
has proved satisfactory. The age limit for 
London applicants is from 25 to 40, and the 
requisite qualification is the certificate of the 
Sanitary Inspectors’ Examination Board ; for the 
provinces the Sanitary Institute Certificate is 
accepted. Salaries vary from £80 t-o £110 per 
annum, and rise to a maximum of £150. 

Secretarial and Clerical WorK. 
Women who, in addition to a sound English 
education, have undergone a sfieoial business 
training in typewriting, shorthand and book- 
keeping, can obtain posts at from 30*. to £2 a 
week. If to these qualifications a knowledge of 
commercial French and German is added, 
salaries may rise to £3 a week. 

Shop Aaeletant*. Women shop assis- 
tants are chiefly to be found in the drapery 
trade. Age of entering is usually 14 to 16. 
In the better class shops a premium of from 
£20 to £30 is often paid. After throe years an 
assistant receives from £12 to £20 a year indoors, 
rising in the first-class shops to £70, and, in 
the case of buyers and heads of departments, to 
£150 a year. A commission on sales is also 
given in many shops. The hours are long and 
the work tiring, and, on the whole, the average 
wages are less than in other occupations. 

Teaching. High-school teachers undergo 
a long and expensive training, usually taking a 
University degree. Salaries of assistants in a 
public school are from £50 to £80, with hoard 
and residence. Non-resident teachers from £80. 
In a large private school senior assistants may 
rise to £140 per annum. Head mistresses of 
high schools are paid from £180 to £700 a year. 

Kindergarten teachers should spend from two 
to three years in a training college which pre- 
pares them for the National Froebel Union 
Examinations. For teachers so qualified, 
salaries range from £50 to £100 a year. 

In Elementary Schools the training of the 
women teachers is on the same lines as that of 
the men. [See page 164.] All certificated 
teachers pay into a superannuation fond, and 
are entitled to a pension of £40. This pro- 
fession is one of the few which are not over- 
stocked. 
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umuma THE BEGINNING OF ENGLISH POETR'l 


C w H ai w i to m 


A Short Stsdy of Geoffrey Chancer and hit Work, with an 
Outttoe of the Chief Medfcml Poets down to Wyatt and Surrey 


IF one were to begin the study of poetry with 
1 the works of Geoffrey Chaucer, it is 
doubtful whether one’s pro g ress would be im- 
mediate and sustained. For the study of 
Chauoer requires of the student some degree of 
cultured love for poetry, which is not so neoes- 
sary to the immediate enjoyment of Shakespeare 
or Tennyson. 

We mean by this that the reader who as yet 
has no pretensions to a cultivated literary taste 
may take up a play of Shakespeare’s, a poem of 
Tennyson’s, ana fall forthwith under the spell 
of tho poet's music, his imagination, his wisdom, 
his humanity, as both 
of these great geniuses — 

are aitioulate to us in 
our daily speech. 

But not so with f 

Chaucer and the writers / 
of the later mediaeval / 

period. While the body / "***&& P 

of the language in which / /■Jy, 

Chauoer wrote is the / Wl 

essential English with / 
which we are all familiar, I J 

it is different in so many I J v 

little ways that the I * 

reader never quite ao- I 

oepts it as his own 1 ?+* 

tongue, but always finds 1 
m it a quaint and some- \ 
what foreign flavour. \ 

For this very reason, \ i 

however, there is the \ 

more need that we \ 

should familiarise our- 

selves with the English 

of Chauoer, as it is with 

him that our language 

first attains to classic 

distinction. Geoffrey 

Whnt Chaucer did After Oocie' 

for English. Some 
critics, more hasty than wise have condemned 
Chauoer for introducing so many French words 
into our vocabulary ; and while this complaint 
may seem at first glance to be capable of ready 
proof, we have to remember that in Ch&uoere 
day the rude tnd vigorous Anglo-Saxon speech 
of the common people had absorbed from the 
Norman- French of the aristocracy numerous 
words and idioms not yet quite assimilated, 
but later to be so, and vastly to enhanoe the 
beauty and expressi voness of the language ; so 
that Chauoer was no affected writer, but one 
true 1° the speech of his day, which we know 
as “ Middle English,” While Chauoer sounds 
u qoRint " to us, he was doubtless as clear and 
unaffected to his contemporaries os Tennyson 


By J. A. HAMMERTON 

poetry with to his, clearer than most of our present day 
iucer, it is poets. Indeed, as Lowell says very pithily: 

ould be im- “He found our language lumpish, stiff, un- 

le study of willing, too apt to speak Saxonly in grouty 

me degree of monosyllables, but left it enriched with the 

ot so neoes- longer measure of the Italian and Provencal 
Shakespeare poets. He reconciled, in the harmony of his 
verse, the English bluntness with the dignity 
r who as yet and elegance of the less homely Southern 
iterary taste speech.” 

s, a poem of The Need to Reed Chaucer’s Eng- 

ler the spell lleh. We must-be at the little pains necessary 
, his wisdom, to the proper understanding of Chaucer’s lan- 
guage before we begin to 


GEOFFREY CHAUCER 
After Oocleve’t portrait 


guage Detore we begin to 
read him, and under no 
circumstances are we to 
waste our time on any 
of those numerous works 
in which his writings 
have been “adapted 
into modem English.” 
Not even Dryden, in his 
fine version, could help 
losing much of that 
Chaucerian simplicity 
and charm which can be 
found only in the ori- 
ginal, and the trouble of 
qualifying ourselves for 
the understanding of 
that is so slight, that 
there is no excuse for 
reading Chauoer in any 
but his own text, which 
we have best m the edi- 
tion so thoroughly edited 
by Professor Skeat, and 
indispensable to every 
student. 

Russell Lowell's im- 
port a n t essay on 
Chauoer (in “ My Study 
Windows,” of which 


Windows,” of which 
there are several editions at ons shilling) should 
also be read carefully before proceeding with the 
study of the poet. Here we can only submit a 
few rules which will enable the ordinary reader 
to turn at once to Chaucer with the certainty 
of finding him surprisingly easy to understand, 
especially if one has already attempted to read 
him without knowledge of the principles of 
metre which he recognised, and which, by the 
way, are substantially the principles of modem 
French poetry. 

How to Rond Chaucer* First of sll, we 
must note that numerous Old French words, 
since modified in spelling and pronunciation, 
re tamed in Chaucer s time a closer likeness to 
their originals, being |n many cases quite un- 
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and m> forth. Then ell word* fading la M e w 
kata to bo food as though this letter formed a 
separate syllable, except when the word imme- 
diately Miowing begins with a vowel, or some- 
tunes when it begins with sn “h.” Professor 
Sheet instructs ns to sound the final “e” 
also when it occurs at the end of a line ; but. 
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IModesI sseiwmoe we areobesrringhi 'amt' 
surrey. Bather let one’s taste foe poetry be* 
ripened some little way by acquaintance with 
Slktapare or the more modem writers before 
seriously taking up Chaucer; but, be assured, 
that Chaucer, onoe taken up as a task, will be 
continued as a pleasure. 

Chaucer’s Characteristics. There is, 


while we cannot question Ske&t’B authority, it 
seems to us that if we strictly observe this 
rule we bring ruin on many lines of Chaucer, 
which are thus, though written in the iambic 
pentameter, forced to carry twelve syllables 
instead of ten or eleven, ana crowd his poetry 
with many needless feminine rhymes. Despite 
Lowell’s belief that there is no imperfect line 
in Chaucer, it is tolerably certain that even 
the rule of accenting the “e” was not always 
observed by the poet when the metre of bis 
verse did not require it. The medial “e” is 
also sounded as a rule, and thus certain 
words ending in “ ed ” or “ es ” take a syllable 
more than they require in our modem speech. 

Illustrations of Chaucer’s Verse. 
What we have learnt of rhythm in our previous 
study should enable us to read the lines of 
Chaucer with that metrical movement the poet 
meant them to have, and it only remains to 
add, before giving illustrations, that many of 
his verbs retain the old German “en,” while 


indeed, no poet more human than Geoffrey 
Chaucer, hardly one with whom a reader would 
feel more willing to have had personal acquain- 
tance. The intense humanity of the poet 
oomes out so inevitably in everything he wrote 
— although his person is never obtruded in any 
unnecessarily egoistic fashion — his sympathy 
with his fellows, his delight in Nature’s ways, 
his jovial humour, his reverence, his occasional 
ribaldry and his sorrows for his follies — all these 
qualities serve to make his a most lovable per- 
sonality. In one word, he is a man, with some 
of the failings of his kind and many of its 
virtues. Lowell refers to him as 44 a truly epic 
poet, without knowing it. *2 Although we find 
in his poems occasional evidence of “abso- 
lute dramatic inspiration,” which, were it con- 
tinuous instead of occasional , would carry him 
into the highest rank of the world’s groat poets, 
it docs seem to us that his inspiration is at 
least sufficiently egoistic to warrant our regard- 
ing him as a narrative poet. 


the past participle has the “y ” or “ i” prefix, 
which in Middle English took the place of the 
old “ge.” In the following four lines several 
of these peculiarities are illustrated : 

“ Why nil the leoun comen or the bore, 

That I mighte on6s mete him with this spere? 
Thus aeyn thise yong6 folk, and up they kille 
Those berths wilde, and han hem at hir willo." 

It seems to us a distinct weakening of these 
verses to make each end with a double rhyme, 
but Dr. Skeat is an unassailable authority on 
accentuation. The following illustrates the use 
of the final “ ed ” and the prefix “ y ” : 

“ That ever was y-form6d by nature ; ” 

while here is a line that goes against nearly all 
these rules : 

“ And liv-ed in joy-e y-nogh ; what wold-e mor-e ? ” 
It is possible to make no less than thirteen 
syllables out of that line as we have marked it ; 
but that is obviously wrong. If we accentuate 
it according to the rule o? the iambic penta- 
meter, in which the poem is written, it reads 
smoothly thus: 

“ And lived In jdye y-nogh ; wh&fc woldS more ? ” 
For the general student who is making no 
effort to become a specialist in Chaucerian or 
medieval literature the method we have indi- 
cated appears the simplest to follow in scanning 
CAiaucer’s verse, and whether it be right or 
wrong need not trouble him greatly, as it will 
enable him to enjoy to the full some of the 
grandest poetry in our language. But, even so, 
we do not think it wise that anyone should 
make his first acquaintance with English poetry 
by reading Chaucer, and we are only (reeling 


Chaucer’s works have been parcelled out into 
three sections : known as the French period, the 
Italian and the English. As this seems a some- 
what artificial procedure, suggested, perhaps, by 
the pedantic vanity of some critics rather than 
by any decisive evidence of his writings, we shall 
not follow it, but endeavour to state as briefly 
as possible the few facts with which Ihe young 
Btudent ought to be familiar. 

Influence of 'Continental Literature. 
Although a great creative artist, Chaucer’s 
genius was awakened by the influence of Con- 
tinental literature with which, as a scholar, he 
early made acquaintance, the French poets and 
the Italian poets and story-tellers being familiar 
to him in the original, and largely drawn upon 
by him for his material. His heaviest debts 
are to Boccaccio, his great Italian contemporary, 
whom, as well as Petrarch, he is popularly sup- 
posed, on very slender evidence, to have met 
during a diplomatic mission to Italy. It is also 
probable that Dante’s “ Divina Commedia ” had 
considerable influence on him, while his verse- 
form was derived from the trouvbres of France, 
who for more than two hundred years before 
him had been composing those epic poems 
which the jongleurs carried about in manuscript 
or in memory and recited in castle halls. Yet, 
with all his borrowings, and even when he 
seemed only to have translated, Chaucer so 
wonderfully transmuted by his genius the 
material wherewith he worked that it was 
re-created, as is the case with all great artists. 
Boccaccio himself, from whose ‘ Decameron” 
Chaucer drew so much for his “Canterbury 
Tales,” and whose “Filostrato” he so closely 
follows in “Troilus and Criseyde,” took his 
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•tones from the popular medieval fiction of hie 
time, and save them clamical form. But the 
artist mind of Chaucer is well illustrated in 

The Canterbury Tales,” where every person- 
see tells a tale that is suited to the teller’s 
character, taste, or condition of life, whereas 
there is no such dramatic fitness observed in 
the “ Decameron.” 

•‘The Canterbury Tale#/’ This, of 
course, is the work with which the name of 
Chaucer is always associated in the popular 
mind. But meat though it is in many ways, 
and absolutely characteristic of the poet, as a 
composite whole it is doubtful if it can lie 
placed before his “ Troilus.” The plan of the 
book is so familiar that it is not necessary to 
do more than outline it in a very few words. A 
company of pilgrims, journeying to the shrine 
of 'riiomas & Becket at Canterbury, foregather 
in Southwark at the Tabard Inn, where the 
poet, himself supposed to be starting on a 
pilgrimage to Canterbury, meets them and pro- 
poses to make one of the company. The land- 
lord of the Tabard also offers to join the party 
and to act as guide. It is he who suggests that 
in order to beguile the tedium of the journey 
oaeh pilgrim should undertake to tell two 
stories, both going and returning, and that the 
teller of the Btory which is voted the best will, 
on the return to the Tabard, be entertained to 
supper at the common cost of his or her fellow 
pilgrims : for the company is of both soxos. 

Although Chaucer did not set himself the task 
of relating every one of these stories told 
by the pilgrims, who, including the poet, 
numbered thirty- throe, the twenty -four tales 
and prologues of which the work consists form 
only a fragment of his design ; but a glorious 
fragment, which for nearly two hundred years 
remained the unequalled gem of English litera- 
ture. 

The Pilgrims, Surely there never was a 
merrier company of pilgrims than that whioh 
set out from the Tabard, with Harry Baily 
to guide them, on a journey that had little 
of penanoe in it In the Prologue, whioh 
is the very acme of Chauoer’s achievement, 
the characters of the different persons are 
so vividly drawn that they live again for 
us in the very atmosphere of the Middle 
Ages. The tales themselves vary in merit 
but the “ Knight's Tale ” is generally regarded 
as the finest of the series, and the “ Miller's 
Tale” is perhaps the coarsest We have no 
space here to discuss the ethios of the poet’s 
reasoning in his apology for including oertain 
stories more racy than polite : 

M And ther-fore every gentil wight I preye, 

For goddes love, deemeth nat that I aeye 
Of evei entente, but that I moot reheroe 
Hir tales alls, be they bettre or worse, 

Or elles falsen som of my matere. 

And therfore, who-so list it nat y-here, 

Turn® over the leef, and obese another tale." 

This does seem true enough from the artistio 
point of view, and from that of historical truth 
it is equally cogent, lor it has to be borne in 
mind that the poet reflected in his mirror the 


manners of a rude age, despite the fact that it 
was the time “ when knighthood was in flower.” 
We see no reason, therefore, to suppose he 
wrote thus “ with his tongue in his cheek," as 
some critics have suggested. As we have 
already indicated, however, “ Troilus and 
Criseyde ” may be considered the fine flower of 
Chauoer’s genius ; one of the most perfect works 
of poetry in the English language. 

Where to Begin, But it is neither with 
“The Canterbury Tales,” nor yet with this 
classic story of Priam’s son and the false Oies- 
sida (which Shakespeare also took for one of 
his plays), that we would have the young reader 
first taste of Chaucer’s poetry. Kather begin 
with those exquisite little poems comprising 
“The Legend of Good Women,” in which he 
relates the tragic love-stories of Cleopatra, 
Thisbe, Dido, Ariadne, and other classic hero- 
ines. These are each of a length sufficient to 
attract the reader who is not yet familiar with 
the poet’s manner and to prepare him for the 
longer works. 

It is a safe assertion that the reader who has 
borne Chaucer company through only two or 
three of these poems will require no counsel to 
cultivate acquaintance with the writings of this 
merry, wise and gentle poet, who was at once a 
scholar, a lover of books and ancient lore, but 
not the less a lusty Englishman, who rejoiced in the 
world out of doors and all the ways of Nature. 

“ And, as for mo, though that my wit be lyte, 

On bokos for to redo I me delyte, 

And in myn herte have hem in reverence ; 

And to hem yeve swich lust and swich credence, 
That ther is wel unethe game noon, 

That from my bokes make me to goon, 

But hit be other up-on the haly-day, 

Or elles in the joly tyme of May ; 

Whan that I here the smale foules singe, 

And that the fioures ginne for to springe, 

Farwell my studio, as lasting that sesoun 1 ” 

Chaucer’s Life. Chaucer was the son of 
a London vintner, and is believed to have been 
bom about the year 1340. He had the educa- 
tion of a gentleman, and has been claimed as a 
scholar of both Oxford and Cambridge, but 
there is no evidence of his having attended 
either university. He was a great favourite at 
the court of Edward HI., and was a follower of 
John of Gaunt, “time-honoured Lancaster,” to 
whom, by the poet’s marriage with Philippa de 
Rouet, Chauoer later became brother-in-law. 
As a youth he had in France borne arms for 
Edward, and was for a time held prisoner of 
war. During a considerable part of his life he 
enjoyed prosperity, holding various offioial posts, 
and being, as we have heard, employed cm 
diplomatic missions ; but he experienced reverses 
of fortune during the early years of the reign of 
Richard II., and although he regained the favour 
of that monarch, as well as the regard of his 
successor Henry IV., son of his patron, the 
Duke of Lancaster, the later period of his career 
seems to have been somewhat troubled. But 
this did not dim his genius, for his poetry was 
at its very best in the autumn of his days. He 
died in the year 1400, and his writings, whioh 
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had circulated in maausoript comes only during 
his own life, were first printed by Caxton, who 
issued an edition of “The Canterbury Tales** 
about the year 1475, while the earliest complete 
edition of his works was that by Godfrey in 1512. 

So commanding is the figure of Geoffrey 
Chaucer in English medieval literature that 
more than two hundred years have to pass 
before another stands beside him on the same 
plane, and even then it might be argued that 
it is a relation of master and disciple, for Spenser 
acknowledged Chaucer as his master. But they 
have really little in common, and there is more 
reason for believing Spenser's masters to havo 
been tbe Italians, Ariosto and Tasso. Thus tho 
poets who come between Chaucer and Spenser 
are not of any great account to the general 
reader, though several of them are eminently 
worthy of study by those who aim at a more 
intimate knowledge of 
our literature. 

John Gower. 

Chaucer had in John 

Goweb a fellow -poet f 

and a friend who was f ^ 

only secondary in im- w ' 

portance because it was M 

his fate to live under # 

the shadow cast by his # 

great contemporary, f 

Not that Gower had f 

else been a great writer, I 

for his limitations are I 

so well defined that he I 

is one of the authors I 

over whom there is 1 

small reason for critics % 

to disagree. He may % f 

be described as a man \ v . 

of great talent, ripe \ 

scholarship, character, 

but not a man of genius. 

While in sheer crafts- 
manship ho was even 
Chaucer's superior, and 
perhaps in scholarship 

also, he laoked that John 

divine fire which lifts 
the g eniu s above considerations of craft. 
Gower wrote three large works, in French, Latin 
and En gl i s h i^pectively. The first is no longer 
in existence, while the second, which is oomposed 
in Latin elegiac verse, describes the Wat Tyler 
rising, and urns has some value in the eyes of the 
historian, though it possesses none for the reader 
of poetry. His E ngli sh work is his greatest, and 
has beat reprinted in popular form within 
reoent years, an edition being issued under the 
editorship of the late Professor Henry Morley. 
It is entitled “Confossio Amantis ” (A Lover’s 
Confession), and is moat tedious reading. Its 
interest ^ is mainly for the philologist, so it may 
passed over by the general reader. 
Goim, who came of good family, died in 1408, 
and hfe effigy may still be seen on his tomb in 
at Saviour a Church, 8outhwark, where he is 
shown w!t h bis bead {Allowed by bis three 
ponderous works. 




John Barbour. Also eontemporary with 
Chaucer and Gower was John Barbour, the 
first great Scottish poet, whose chief work, 

44 The Bruce,'* is a national epic written in 
oc oeyllabio verse, remarkably spirited, full of 
movement, observation, and accepted by autho- 
rities as historically accurate ; so that Bar our 
has the double value of historian and poet. 
The original is perhaps a little more difficult to 
read than Chaucer, whom Barbour resembles in 
his love of nature ; but as the historical value 
of the work is at least equal to its poetical, 
there need be less hesitation in making its 
acquaintance in a modernised version. Most 
collections of Scottish poetry give considerable 
spaoe to lengthy passages from “ Tho Bruce.” 
We may quota a few lines from tho original to 
illustrate its style. They occur in the desci ip- 
tion of the launching of Bruce's galleys, with 
his little army of three 
hundred men, from the 
island of Arran, to cross 
tho Firth of Clyde to 
Turnberry: 

k “ This wob in Vor, 1 quhen 

kt \ wy nter tv do, 

. V' \ With his blastis hidwyus* 

% to bydo 

^ % Was our drywyn,* and 

\ 1 birdys smaio, 

J. ^ i 1 As turturis 1 and tho 

v ' 1 nyohtyngalo, 

I ^°K ou th rycht sairoly to 
/ * I syng, 

■f I And for to mak in tlmir 

' i? I singyng 

•*? M Swoto notis, and sownys 

# so r, 

# And molodys ploasand to 
m her.” 

f Barbour, who was born 

t f in 1316, and died in 

■ -> V; i 1375, was Archdeacon 

of Aberdeen for about 
forty years, and made 
several journeys through 
30 WXS England ana France, 

chiefly, it has been 
thought, to collect material for his books. 

The Fifteenth Century. It is strange 
that after the splendid start which Chaucer had 
given to our literature, the fifteenth century 
should have been so barren of great writers, 
although in the latter part of that century 
Caxton introduced printing into the country. 
That English poets of the calibre of Thomas 
Ooolevs, who was thirty years old at the time 
of Chaucer’s death; John Lydgate, a dull 
imitator of Chaucer ; and Stephen Hawes, a 
writer of prolix allegories; and Henry the 
Minstrel, in Scotland, could achieve popu- 
larity, is sufficient proof of the poverty of the 

S eriod in works of imagination. But King 
ames I. of Scotland made good use of his 
long imprisonment in England by writing many 
poems, and notably “The Eng’s Quh&ir * 
(Bo k), which are models of good English, 

i Spring. * Bitter blast* * Overpast. * Turtle-dove 
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graceful In stylo, and at times approach close 
to Chaucer both in music and imagination. 
The student should read, in this connection, 
Washington Irving’s fine essay, 4 4 A Royal 
Poet ” in the “Sketch Book.- Then John 
Skelton cuts no contemptible figure in fifteenth 
century literature, despite the adverse criticism to 
which ho has always been subjected. 44 Beastly 
Skelton ” is how Pope? dismisses him, and Tot- 
tenham in his 44 Arte of English Poesie ” — which, 
published in 1589, was one of the critical works 
that accompanied the Elizabethan literary 
revival — says of him: •• Being indeed but a rude 
rayling rimer, and all his doings ridiculous ; he 
used short distances and short measures, 
pleasing only the popular cart;.” But, all this 
notwithstanding, Skelton was our English 
Rabelais, with a good deal of the Frenchman’s 
learning, his unrestrained delight in word-play, 
something of his saiire, much of his coarseness 
and his joviality. Still, he is not for the average 
reader. Skelton, like William Dunbar, the 
Soots poet, who belongs equally to the four- 
teenth and fifteenth centuries, was also a priest,' r* 
but Dunbar, on the whole, shows a better 
balanced character, and although he can rival 
his contemporary in coarseness when he cares 
— which is much too often — he displays public 
spirit in his satires, grace and wit in his alle- 
gories, and is at times capable of real pathos. 
Horn about 1460-5, most of his life was spent 
at the Scottish court, and his most famous 
poem, 44 The Thrissill and the Rois ” (The Thistle 
and the Rose), >vas an allegory on the marri go 
of James TV. with Margaret, eldest daughter of 
Henry VII. 1 1 is su p posed that he accompanied 
the ambassadors who went to England to 
arrange the marriage. Dunbar died about 
152*2, in which year was bom Gawin Douglas, 
Archbishop of Dunkeld, who wrote Borne ani- 
mated poems, especially 44 The Palice of Honour,” 
and rendered the **.®noid” into Lowland 
Scots, this being the first translation of a Latin 
classic published in Britain. 

A Twilight of Genius. But unless we 
were to include Sir Thomas More (b, 1480, 
d. 1535) among the poets who belong to the dim 
twilight of the Miadle Age, though coming so 
near to the bright sunrise of the Elizabethan 
renaissance, there is hardly any name until we 
oome to Sidney or Spenser that can be said to 
have much significance for the general reader. 
And More's 44 Utopia,” written in Latin, though 
poetical in the quality of its imagination, is not 
so in form, so that it would be a deliberate 
straining of words to inolude him with the poets, 
©specially as he must receive our consideration 
when we oome to study the beginning of English 
prose. It is difficult to imagine him as the 
triend of John Heywood (b. 1506; d. 1565), a 
poor rhymer who is only interesting to the 
student as being one of the first to introduce 
into the drama subjects drawn from everyday 
life, and thus to hasten the end of the old 


“morality” plays. A writer more lacking 
in every literary grace it would be hard to 
find, and the fact that he was the favourite 
jester of Henry VIII. indicates the low standard 
of taste which prevailed at that time. Sir 
Thomas More and he may have been friends 
chiefly because they were both ardent Catholics. 
Sir Thomas Wyatt and his friend Henry, Earl 
of Surrey, were, however, poets whose works 
are worthy of passing attention, and who, os 
the originators of what we may call 44 amatory ” 
verse in English, will always call for some 
notice. The ordinary reader may be content 
to make their acquaintance in anthologies, and 
will find as much of their verse as he need read 
in 44 The Surrey and Wyatt Anthology” 
(Oxford Press, 2 a. fid. ). 

Wymtt and Surrey. Sir Thomas Wyatt 
(b. 1503 ; d. 1542) wrote many graceful sonnets 
and lyrical poems characterised by a grave 
courtliness rather than the light touch of the 
true love -poet, while the Earl op Surrey 
(b. 1517; a. 1547), though of a livelier tempera- 
ment and a true lover, did not excel him in 
the quality of his verses. Wyatt introduced 
the sonnet stanza, Terza Rima, and blank verse 
into England from Italy, and these first two 
forms we shall illustrate further on. Surrey was 
the first of English poets to write any con- 
siderable poem in blank verse, into which he 
translated books II. and IV. of Virgil’s “AEneid.” 

With Wyatt and Surrey, which latter tho 
great French critic H. A. Taine, in his 44 History 
of English Literature,” describes as 44 an English 
Petrarch,” our language had at length acquired 
greater literary possibilities than it had before 
possessed : 44 Those who have ideas now possess 
an instrument capable of expressing them,” says 
Taine, and to what purpose this instrument was 
used we shall proceed to inquire. 

• 

Examples op English Metres (see page 306). 
] . Trochaic . 

For the earth he dr§w a straight line 

2. Iambic pentameter, blank verse. 

This royal thrSne of kings this scgpter’d isle. 

3. The same , opening nrith trochee. 

Man is a snip that sails with Adverse winds. 

4. Trochaic . 

Henry, too, hath here his p&rt. 

5. The line 

44 Void of all sucoour and needful comfort ” 
is wrong, because, the accent falling on 
the last syllable but one, there should be 
eleven syllables. It could be re-arranged 
thus : 

44 Of succour and all needful comfort void,” 
or made to scan by putting a second 
44 of” before 44 needful.’^ 

6. Dactylic . 

Farewell to 5thers, but nSver we p&rt. 

7. Anapaestic. ^ 

Like the leaves of the forest when sfimmOr 
is green. 
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LAYING THE FOUNDATIONS 

The Work of the Excavator. Soils and their Bearing Power. 
Natural and Artifidil Foundations. Piling and Underpinning 
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Top Soil and General Levelling. In 

excavating a site it is usual first to remove 
any turf, setting it aside for relaying or sale. 
Turfs are usually three feet long, one foot wide, 
and are rolled. Gravel paths, Hags, etc., may 
sometimes be similarly taken up and set aside. 
It is usual aUo to take up and set aside the top 
layer of earth if suitable for garden purposes. 
After this has been done the site must be levelled 
to the depths shown in the drawings. 

In some cases a uni- 
form level is required 
throughout. In other 
cases the level varies in 
different parts of the site. 

Hollows may require fill- 
ing up, and in such cases 
the best of the material 
is selected for this pur- 
pose. The spoil, when 
excavated, increases con- 
siderably in bulk. In- 
crease varies with dif- 
ferent soils, but does not 
often exceed 20 per cent. 

Such material, if filled in 
again, gradually consoli- 
dates and contracts. To 
assist the process it is 
usual to water it liberally, 
and ram it. The settle- 
ment due to consolida- 
tion is usually not less 
than one inch in one foot, 
and may exceed this 
proportion considerably. 

Any material useful for 
building purposes — e.g. 
good gravel or sand free 
from loam or clay— may 
be put aside and used 
for building by ar- 
rangement with the 
owner. 

Trenches. When the general levels have 
been reached, any additional excavation for 
cellars, vaults, basements, etc., are made as well 
as trenches to receive the foundation and drains. 
Drain excavations are often deferred until the 
carcase of the building has been completed. All 
the excavations are sunk to the depths shown 
in the drawings. The trench required to take 
the concrete under a 9-inch brick wall is not less 
t.ViA.n 2 ft. 2 in. wide, just sufficient to allow a 
man to work in it ; but he cannot throw out the 
spoil from beyond a depth of six feet, and if the 
excavation exceeds this, a stage must be pro- 
vided on which he throws the spoil and from 



which it is thrown out, increasing the labour and 
the cost. An extra stage is required for every 
extra six feet in depth. In a ten-hours' day a 
good excavator can dig and throw into barrows 
eight to ten cubic yards of common ground, five 
to six cubic yards of stiff clay or firm gravel, 
and if hard ground, where the pick is used, three 
to five cubic yards. For deep drains tunnelling 
may have to be undertaken. This is done by 
Binking pits at convenient intervals and excavat- 
ing short tunnels from 
one to the other. Tho 
width is determined by 
the nature of tho work 
required. The height 
must lie sufficient for a 
man to work in. and the 
sides are usually made 
to slope in towards the 
top of the tunnel. 

In moist and wet soils 
water is liable to soak 
into excavations, espe- 
cially in wet weather. 
All water must lie got 
rid of by baling if the 
quantity is small, or by 
pumping if it is large. 
It should lie constantly 
kept under, as it softens 
and deteriorates the 
surface of tho trench. 

Bearing Power of 
Sofia. Trenches that 
have reached the depths 
shown upon the draw- 
ings should have the 
bottoms carefully tested 
to see that the stratum 
of soil is of a character 
suited to carry the load 
to be placed on it. In 
ordinary cases this may 
be done bv driving in a 
crowbar to test the solidity 01 tho ground, 
and on sites previously oocupied an examina- 
tion must be made for old and disused drains, 
wells, and cesspools, which, if built over, 
might collapse. Such drains or cesspools should 
be cleared away. Any old foundations should 
be grubbed up and cavities filled with concrete 
if walls or piers are to stand over them. Other- 
wise they should be filled with hard dry brick 
rubbish. Where the bearing capacity of the 
ground requires to be carefully tested, a strong 
platform with legs framed to it at the four corners 
may be used. If 6 in. bv 6 in. legs are used, the 
area of the four together should equal one foot 
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M pwfic U J, and uUe mb lie loaded with eay 

' l .he»vr material. The ground Se o««- 
iedeadtlwtabbFkMdiipoRttaB. 
ft ievd n i iidi iQnflr tikfli is 
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S in., fieeed eboat the centos ojf the pota* 
baud*. end Mnt$ to keep the whole in Pt**«fe; 
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’ «st8 -variation fc noticed. lw» 

to aae-hat! of the load requited to 

srodaM aettlemeiit ie taken ae the safe load. If 
me load to be carried exceeds tbe safe load, a 
stronger stratum most be sought, or the weight 
per foot reduced by an inoreaae of the area of 
me bearing surface. 

Tabu ox Bearing Power or Soils* 


Material 


Rook, hard 

„ soft 

Clay Id thick bed* always <lrv 

Clay In think bed* moderately dry ... 

day, soft 

Gravel and ooarae aand well oemeutod 
Band, compact and well cemenUxI ... 

,. clean and dry 

Quicksaiul, alluvial aoila 


Bowing power in 

tons per square foot. 

Min. 

Max. 

25 

80 

5 

10 

4 

6 

2 

4 

1 

2 

8 

10 

4 

6 

2 

4 

* 
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Small sections of soft ground are sometimes 
found in trenches otherwise satisfactory. Those 
may often lie dug out to a sound bottom and 
filled with concrete without deepening the whole 
trench. On a sloping site it may be necessary 
to introduce steps into the trenches, but in all 
cases the liottom of the trench for foundations 
should be kept level ; those for drains may be 
excavated to conform to the fall in the drain. 

The conorote should be laid in the trench as 
soon as possible after opening to protect the 
foundation from the weather. 

Timbering. Where it is necessary to carry 
3 xcavationa perpendicularly or nearly so, as in 
trenches or for cellars, means must be taken to 
lupport temporarily the faoe of the earth whioh 
is liable to crumble away or be forced into the 
trench. In some shallow excavations this pm. 
caution is not necessary if the trench is to be 
open for a short time only, but in loose soils even 
shallow trenches, and in all soils deep trenches, 
must be protected. This is done by timbering. 

The nature of the work depends on the 
character of the soil. Good sous are usually 
natural or virgin soils that have not been dis- 
turbed and include dry day. Moderate soils 
indude ground that has been filled in (termed 
made ground) t loose gravel, while treacherous 
soils indude sand, wet clay, all water-logged 
soils, and even ordinarily good soils if trenches 
are dug near existing excavations. 

The materials used for timbering are poling 
"cflith— i.e. short lengths of board usually 9 in. 

H In* and 3 ft long, hut sometimes longer, 
itaoed vertically against the rides; waling piece* 
whioh are horizontal timbers usually 9 in. by 
lia a Me r, OB., In "Treatise on Masonry abstraction.’ 

830 


Tbs' strut is out about ball i 
quartern of an inch longer Hu at the dfiMri 
bet w een th e tioafde insured between furi 
forced into a horizontal position with thehdn of 
a heavy hammer. Pairs of boards thus fixed 
may be placed at Intervals of about six feet If 
placed closer they impede the excavator in Ms 
digging, and if they do not suffice to keep the 
sides intact a different system must be adopted. 
The poling boards are then placed with only 
short intervals between them, or in some Boils 
actually touching. Strong horizontal timbers 
termed waling pieces are placed in front of them 
at about the centre of the height and secured 
with struts, as already described. In a long 
trench the waling pieces have to be joined and a 
strut is plaoed dose to the end of each length [4], 
with intermediate ones at intervals of six feet. 
Such timbering is put into position and secured 
as soon as the trench is of sufficient depth — 
about three feet — and before any further ground 
is excavated. As the digging proceeds in deep 
trenches, similar timbering is plaoed below the 
first in successive stages as required, care being 
taken to keep the struts vertically below those 
above. 

In some soils the vertical faoe cannot be relied 
upon to stand safely even while a three foot trenoh 
is being dug. In such cases, in plaoe of vertical 
poling boards, horizontal planks (termed sheet- 
ings) are plaoed in position as soon as from nine 
inches to twelve inches in depth has been 
excavated and temporarily strutted. Then, 
when another layer is removed, a seeond board 
is placed below the first and strutted, and so on, 
until a depth of about throe feet has been reached. 
Vertical walings are then plaoed in front of the 
boards and secured with struts, the temporary 
ones being afterwards removed. A neater depth 
may then be got out and protected in the same 
way. The platforms or stages required in deep 
trenches for throwing out the spoil may be carried 
on the waling pieces. 

Water-loafed Ground* In water-logged 
around special precautions must be taken, and 
heavy and very sound timber used. Longer 
boards, usually 11 in. by 3 in. and up to eight 
feet long, are used in place of poling boards, and 
are termed runners [5]. The feet are out to an 
inclined chiari edge and in strong ground shod 
with iron, as in sheet piling. In fixing after 
ground is excavated as far as is safe, guide 
runners, about ten feet apart, are driven m by 
mallets and strong waling pieces fixed and 
strutted. Other runners are inserted and driven 
in until a continuous wall is formed. Excavation 
then proceeds until within about a foot of the 
bottom of the runners, when they are driven 
further down, additional walings inserted, and 
the struts increased with the depth. 

In a deep trench, if a second set of runners (or 



e) is noticed, they moot aet under the 
opper one*, but within them, so that the width 
of the trea<sh ie aacrtwed, end ellowenoe for Uuc 
"*■* ** .*•**? ^ n tt tog h«fc the upper trench. 
5* *®*i» «< *» tower rumen moat not be 
driven 'deeper Hun about is inches above the 

lost gf pmwnwt 

e hritor p re ou rt i c n^ihnet be* taket? 

■ink to the required depth, the toanei is worked 
in from the face, * commencement is made at 
the head* and as aoon as the roof shows any 
signs of insecurity poling boards are driven in 
dose against the roof and supported by a cross- 
beam or header, the ends of which arc strutted 
from the floor, the feet of the struts being let 
into it to prevent accidental disturbance 
Poling boards can be driven in behind the 
struts [6]. Excavation then continues until 
another set of poling boards and frame can be 
inserted. In very bad or wet soil a more 
elaborate plan is necessary. The poling boards 
are longer and directly supported by squared 
timbers arranged as a frame. These in turn are 
supported by horizontal pieces which are them- 
selves strutted by a very strong frame, often 
including a sill to take the feet of the struts, 
which must be sunk below the floor level. 
Notches are cut in the heads and sills and the 
struts fitted to them, but large spikes are some- 
times used for increased security. 

Large excavations also require to have the 
sides timbered ; the syBtem is generally similar, 
but the walings are usually heavier, and the struts 
are formed of large timbers and are tightened 
with folding wedges [7]. In excavations too 
wide for strutting the walings require to be 
supported by shores [see Shoring] placed at 
intervals along the sides of the excavation. 

Natural Foundations. The natural soil 
on which a building rests has to bear the 
whole burden of the superstructure, which must 
be disposed so as not to cast too heavy a load 
on any part of it. Every wall is required by 
the London Building Act and by most Local 
Acta to have footings [see Bricklaying] 

T il in width to twice the thickness 
the wall, and in addition, with a few 
exceptions, to have a slab of concrete under it 
at least eight inches wider than the footings. 
For fairly good amis and with ordinary buildings 
of moderate height this secures a sufficient 
distribution of the load for security. 

In the case of buildings in which different 
parts are unequally loaded and where heavy 
toads are carried by detached piers or stanchions, 
it is important not only that the load should not 
exceed the bearing capacity of the soil, but that 
the pleasure upon it should be as nearly as possible 
equal at all points ; so that should any settlement 
occur in the foundations, it will be uniform, other- 
wise the more heavily laden parts will be the 
moat liable to sink, producing craoks in the 


It is therefore necessary to calculate the actual 
weight of materials supported by each square 
foot of brick or stone in the general walls, as 
well as in the piers and to regulate the area of 


the concrete under them so as to produce a 
uniform pressure. In this calculation must be 
included the proportion of every floor area end 
of the roof oairied by the wall or pier, including 
the load it is intended to oarry. 

For domestic buHdfegi an aftowanoe of 1 cwt. 
per foot super of floor, Including the load, is aft 
ample allowance, though 1} owt k often allowed. 
For public brnttitge l|owt per foot super, 
including the load, b allowed. For warehouses 
and other special buildings it Is necessary to 
ascertain the actual load to be carried, whioh is 
often from 2 cwt. to 3 cwt, and may be as high 
as 6 cwt per foot super. 

Rock. Of the various soils usually met with 
in foundations, the strongest is rock . This will 
support any load that is likely to be put upon it, 
even if not a strong rock, and makes an excellent 
foundation if it entirely covers the site. Many 
rocks are apt to hold water in pockets and 
fissures, and means must be taken to get rid of 
this by giving the surface a slight inclination and 
arranging for the discharge of any water that 
collects. 

Any loose or decayed material on the surface 
must be cleared off, and if the surface is not level 
the stone must be worked into level beds under 
the footings and stepped where necessary. Holes 
and fissures may be levelled up with cement 
concrete, or, if large and deep, may be arched 
over in stone or concrete unloss they come 
directly under a heavily loaded pier. Should 
the rock only extend over part of the site, the 
remainder being of some less solid material, the 
foundation is by no means easy to deal with, 
and great care must be oxereised to give a 
sufficient tearing to the portions of the building 
on the weaker soil, or an unequal settlement may 
develop. 

Clay. Clay varies greatly, according to its 
nature and position. The blue London clay 
forms a first-rate foundation, but is only en- 
countered as a rule at considerable depths. The 
ordinary yellow clay varies greatly. It will 
sustain any reasonable load if fairly ary and not 
subjected to influences that will change its con- 
dition. It is essential to oarry down excavations 
below the level at which it is affected by changes 
of weather and climate, and for safety this may 
usually be taken at about five feet below the 
surface. Clay that is liable to be reached by an 
excess of water becomes soft and plastic, and will 
squeeze out under pressure, and trenches in clay 
in particular should bo concreted as quickly as 
possible. There is the further liability on 
sloping ground that excavations may be opened 
at a fewer level, drain the moisture from the 
subsoil and so produce subsidence, and in con- 
sequence of its liability to change with altering 
circumstances, the yellow clay should be looked 
upon as a foundation requiring very cautious 
handling - 

Gravel. Gravel is one of the best foun- 
dations after rock. If compact, and where an 
entire foundation consists of this material, 
footings may be constructed on it without con- 
crete beneath them. The gravel must not, 
however, be in a position where it is subject to 
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erosion by flowing water, or it must be properly 
protected from such action. Even loose gravel, 
u confined so that it cannot spread, forms a 
good basis for building, but a slab of concrete 
should be used. 

8and. Sand also makes a good foundation 
if it is oonfined so that it cannot spread and is 
protected from erosion. It is practically incom- 
pressible, but is easily washed away by running 
water. If the bottoms of the trenches require 
to be stepped or if a deeper excavation for cellars 
is required, care must be taken to prevent the 
sand in the upper parts from being forced out. 

ChalK. Chalk varies considerably in quality 
and is liable to disintegrate if exposed to the 
action of the weather. The strata immediately 
below the top soil are often somewhat loose, but 
if excavations are carried below the weather line 
a very good sound foundation is usually reached. 
There are apt to be fissures and pockets of loose 
gravel and sand, which if they come under walls 
or piers should be emptied and filled with con- 
crete, or if the load is light, they may bo covered 
with a thick slab of concrete. An oxjiosed chalk 
faoe should be protected from the action of the 
weather by a facing of brickwork, stone, or flint. 

Quicksand, Alluvial Soils, and 
Made Ground. Quicksand, alluvial soils, 
and made ground are all unsatisfactory as 
foundations. They arc compressible, and made 
ground in particular is liable to contain putres- 
cible material. Circii instances may arise in 
which buildings must Ins erected on such foun- 
dations, and in all such cases special precautions 
must bo taken. The circumstance* of oach 
individual case must be carefully considered as 
it arises. 

Made ground varies much in character. It 
may be the result of excavations for sand or 
gravel, which have been replaced by other hard 
dry material, which, with the lapse of years, 
attains very fair solidity, or it may be the result 
of a general raising of the level of a low-lying 
locality, such as has taken place in parts of the 
East of London. In the latter oaae, road sweepings, 
ashes, etc., are often employed, sometimes in a 
wet condition, when they will be offensive for a 
long time, and will never become well solidified. 
The presence of putresoible matter in the soil 
may be a source of danger to health, as the 

B d air under some conditions is drawn into 
ngs bythe action of ordinary fireplaces. 
Triad Hole#. Before the building is 
designed, the nature of the soil, unless well 
known, must be ascertained by sinking square 
pits or trial holes at various parts of the site, 
noting the character of the strata pierced and 
seeing whether their character varies in the 
different pits. Where a soft stratum occurs 
above a hard one, it is as a rule desirable to sink 
the foundations to the harder bed, but where a 
hard stratum occurs above a soft one, it is often 
safe to build on the upper one, provided it is 
possible to leave a considerable thiokness of it 
undisturbed. In such cases much will depend 
upon the building to be erected, and inquiry 
as to the circumstances of surrounding build- 
ings must be made and judgment exercised. 
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No herd - and - fast rule can be laid down. 
A thorough acquaintance with the nature and 
capabilities of the bearing stratum is not only 
necessary before the work is started, but should, 
when heavy loads have to be dealt with, be 
gained before the footings are designed. 

Artificial Foundations. The footings 
of a wall or pier can seldom be laid on the 
natural foundation. Almost always some other 
provision must be made to receive them, and 
this must vary with the nature of the natural 
foundation and the load it has to bear. The 
loads to be carried due to walls and piers respec- 
tively having been calculated, the safe load that 
the natural foundation will sustain and the area 
of the bearing surface under each may be ascer- 
tained and the trenches excavated to the required 
size. With a good natural foundation, even 
when heavy loans are to be carried, a thick layer 
of concrete is the material usually employed. 
With poor and treacherous soils other methods 
must be adopted. 

Concrete. Concrete is a material which, 
when first formed, is in a plastic condition, and 
can be filled into any prepared excavation or 
mould. Within a few' hours it Bets into a solid 
rock-like mass, and -within a few days attains a 
very considerable strength, though its maximum 
strength is not reached for months. It is com- 
posed of some hard substance broken into small 
pieces termed the aggregate, forming the bulk of 
it, and of a binding material termed the matrix . 
The nature of the aggregate varies according to 
the purpose for which the concrete is to be used. 
For foundation work and walls nothing better 
can be had than stone ballast from a river or pit 
gravel. Shingle for many purposes is suitable, 
but the stones in it are not “ sharp ” or angular, 
as is desirable, and the presence of salt renders the 
concrete liable to show signs of damp in wet 
weather or in moist situations. Other substances 
used are broken stone, clinker, burnt ballast 
(only permissible if thoroughly vitrified), and 
broken brick and pottery, which must also be 
thoroughly burnt. Underbumt bricks or ballast 
are not suitable. An excellent concrete results 
from about 25 per cent, of good broken brick 
with some form of stone aggregate. Whatever 
the material, it must be broken up to pass some 
standard. A two-inch ring is very often specified. 
This secures a solid uniform material without 
cavities. 

Concrete Floors, For concrete floors laid 
on the solid, similar aggregates may be used. For 
upper floors, roofs, etc., in fire-resisting structures, 
lightness is of importance. Coke- breeze and 
pumice-stone are often employed, and for such 
purposes should be broken fine enough to pass 
through a one-inch ring. This is termed fine 
concrete. For concrete stain, pavings, etc., the 
aggregate consists largely of granite shippings. 

If tiie aggregate does not contain sand, sand 
or some substitute must be added to the extent 
of about 25 per cent, to 30 per cent of the 
total bulk. The object of the sand is to fill 
up all interstices and to give cohesion. It is 
essential that the aggregate should be clean, free 
from all animal and vegetable impurities, and 
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Hurt the sand should be sharp and free from 
loam* If loam be present, the sand must be 
washed Washing is done in a tab of water. A 
large circular sieve is used, and with the sand is 
dipped into water till submerged. It is rotated 
so that the loam is washed out, and the sand is 
then thrown out into a heap. 

The Matrix. The matrix consists of 
hydraulic lime or Portland cement [see 
Materials and Structures]. The proportion 
of matrix to aggregate varies with the nature 
of the matrix, with the situation of the con- 
crete, and the work it has to do. In the case 
of lime, if only feebly hydraulic, the propor- 
tion should not exceed one of lime to four 
or five of aggregate. Such concrete is not 
suitable for use in veiy large manses or in moist 
situations. If eminently hydraulic it may be 
one of lime to seven of aggregate. With cement 
the proportion may t>e one of cement to eight or 
nine of aggregate for concrete walling, and one 
of cement to five or six of aggregate for wet 
foundations and for concrete flooring. 

Water* The water used must be clean, and 
it is important that no more should be employed 
than is necessary for tho proper mixing of the 
ingredients. An excess of water reduces the 
ultimate strength of the concrete. The method 
of mixing is as follows: The proportion of 
matrix and aggregate being fixed by the specifica- 
tion, square frames without tops or bottoms are 
made [8] ; the smaller contains a single unit, sav 
a yard, for the matrix, the larger the correspond- 
ing number of units required for the aggregate. 
If the aggregate is not formed with a single 
material, out has, e.g., a certain proportion of 
briok mixed with it. this is most usually incor- 
porated before the mixing of concrete itself 
begins, but if necessary three or more frames 
may be employed, each proportioned in capacity 
to the amount of material to be used. 

A close-boarded floor is provided as close to the 
spot where the oonorote is to be used as possible, 
or a floor of Bheet iron is sometimes used. The 
frames are placed on it, filled up level to the top 
(but not heaped up), and then removed. The 
aggregate is spread out, the matrix spread evenly 
over it, and the two thoroughly mixed by being 
twice turned over with shovels, dry — »,e. without 
any water. They are finally turned over with 
the addition of the neoessary water, forming 
concrete, which is at once conveyed to the spot 
where it ib to be deposited. In the ease of 
trenches for foundation work, it may sometimes 
be thrown in by shovels direct More usually 
it is filled into barrows, wheeled and tipped in. 
Ibis must not be done from any great height or 
the larger stones will collect at the bottom and 
the mass not be homogeneous. 

Depth. If the depth of concrete is not great 
say, 12 in. to 18 in., the full depth may be at 
once placed in the trench, in which stakes are 
driven and carefully levelled, marking the top of 
the concrete, which is spread and levelled by a 
labourer standing in the trench as soon as it is 
deposited, and should not afterwards be dis- 
turbed. Where a deep bed of concrete is 
required, it is usual to deposit it in successive 
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layers of about 12 in. at a time. In the case of 
deep trenches the concrete most be lowered in 
bags or in barrows to a stage from which it can 
be tipped. Concrete should not be deposited in 
trenches containing water, which is apt to wash 
out the cement, leaving the lower part of the 
concrete poor. Water, however, does not inter- 
fere with the setting of concrete mixed with 
eminently hydraulic lime or cement If used 
under water, it must be lowered in sacks and 
the surface protected till setting oooutb. 

Where a horizontal bed cannot be completed 
without interruption, it is usual to form the end 
with a V-shapea recess on plan [9] to give a verti- 
cal key to the next layer of concrete, and if this is 
not put in till the first is dry, the joint should be 
well wetted before the new concrete is deposited. 
Where successive layers are used, care must be 
taken that no mould from the trench or dust or 
rubbish is left on the upper surface of the old 
bed before the new concrete is deposited. The 
top surface of the final layer is levelled and 
smoothed over to receive the brick footings. 

Concrete over Site. The concrete which 
is usually spread over the whole site within 
the walls, and which may form the bed for 
solid floors, or may be some distance below 
boarded floors, is usually cement concrete not 
less than six inches thick, spread uniformly, and 
with the upper surface smoothed over with a 
spade or shovel. Upper flooro are filled in on 
a centre. This may be a close-boarded, flat, 
wooden centre [see Centreing], or may consist 
of terra cotta lintels, iron sheets, etc., which 
remain as part of the floor. When concrete is 
used in this way in combination with iron or 
steel joists, it must be well rammed around the 
flanges. 

Concrete may also be filled into moulds, and 
when set used as blocks for building or as lintels, 
channels, etc. Concrete walling may also be cast 
in position. In this construction the space to be 
occupied by the wall is enclosed with close 
boarding fixed to upright posts, well tied and 
strutted, and the concrete is filled in in layers of 
about twelve inches at a time [12]. This is often 
done for retaining walls, but buildings of concrete 
have even been constructed in this maimer. 

In the case of concrete masses intended to 
receive heavy machinery provision must be made 
for securing the machinery. This may be done by 
building in iron or steel girders, to which they are 
bolted, or by building in holding-down bolts with 
anchor plates [10], and in all such cases templates 
giving exact position of bolts must be obtained 
from the firm supplying the machinery. Pieces 
of timber dovetailed in section are sometimes 
built into concrete beds standing above the 
surface of the concrete for lighter machinery [11], 
and are useful where machines must be shifted 
[see also Fire and Fxrro-Ooncrete]. 

Foundations on Com presai ble Soils. 
Such foundations, even for heavy buildings, 
are sometimes inevitable, and in such cases 
means must be taken to render the natural 
foundation capable of supporting the superin- 
cumbent load. The circumstances are so varied 
that we cannot deal exhaustively with every 



. tat moat refer to Due tenoral methods of 
dealing with this difficult problem. Such foun- 
dations are inevitably costly, but the cost must 
be faced. 

The method will depend upon the nature of 
the site. If the compressible stratum overlies a 
good solid stratum, but the latter is so deep that 
tiie cost of taking down the walls of the building 
is prohibitive, it may nevertheless be possible to 
take down piers of concrete or masonry to the 
lower level at short intervals and to throw arches 
or girders from pier to pier to carry the walls. 
This is only possible when the soft stratum is of 
a character that will permit of shafts being 
sunk, and cannot be employed for anything in 
the nature of quicksand or .water-logged strata. 

The area 
of such piers 

must he pro- k* 1 

portioned to 
the loads to 
he carried. 

The bottom 
must be car- 
ried well into 
the solid stra- 
tum and the 






piers carefully 
constructed. 
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bidding to lie supported, but , 
they will not be, as a rule, more 
than ten feet apart in the 
clear. Iron screw - piles may 
sometimes be employed in sucii 
circumstances spaced at greater 
intervals and the tops con- 
nected by heavy girders. [For 
description of screw -piles see 
Civil Engineering.] 

Piling. When the soft stra- 
tum is very deep or very treacher- PlAfl 
ous, say 30 ft. or 40 ft., the 
system of piers is not suitable, 
and in such cases long piles may 
be driven through the treacher- 
ous ground into the solid stratum 
below. [For piles and pile- 
driving see Civil Engineering.] 
where buildings of great height are erected, it 
is frequently the custom to drive in piles two 
to three feet apart centre to centre in rows 
spaced at intervals of about 2 ft. 6 in. centre to 
centre over the entire surface of the site. In 
most cases it may suffice to drive two or three 
rows of piles under the lines of the main walls 
[15]. Care must be taken to cut off the tops at 
such a level as to be below that at which water 
stands, for if the tops are dry, they will decay. 

The piles may be capped with granite blocks, 
each of which rests on two or three piles, hut not 
on more, owing to the difficulty of securing even 
bearing. The footings are started above the 
granite. Another method is to excavate the 
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ground for a depth of 12 inches between the piles, 
to fill in between them with good cement concrete 
in layers, and to raise the concrete about 18 inches 
above the level of the pile head [14]. The con- 
crete filling up to the level of the heads may be 
usefully employed under granite capping. 

A third method is to connect the heads of the 
piles with heavy timbers, say 12 in. by 12 in., 
secured with holts to the piles and running in the 
direction of the rows, and upon these to lay strong 
transverse timbers to receive the concrete [18J. 
In this case all such timbers must be kept below 
the water level. In the case of foundations which 
are liable to spread — suoh os sand with water — 
hut which if confined will carry considerable 
loads, the whole urea of the site may bo 

surrounded 
with sheet 
piling and 
the site 
covered with 
a thick be.l 
of concrete. 
When the 
depth of the 
soft ground is 
so great that 
solid ground 
cannot he 
reached, pil- 
ing may still 
bo resorted to, 
but in this 
case the piles will depend solely 
on the friction between the 
sides and the surrounding earth, 
and will not carry so great a load 
os if driven to the solid, and will 
generally require to be about 
40 feet long. Other methods 
are to uho very deep beds 
of concrete under the walls, 
which by their weight will 
compress and solidify the 
ground. 

Underpinning. Underpin- 
ning, which consists in carrying 
down an existing wall to a 
greater depth and providing it 
with a new foundation without 
disturbing the superstructure, is 
often necessary. If the superstructure is 
heavy, it must be shored and perhaps needled , 
but with light structures, if the wall 
is thoroughly Bound, this is not always 
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The old footings and cement must usually be 
cut away, the excavation to receive the new 
work carried down in short sections at a time, 
not more than three or four fee\ in length 
[see Bricklayer]. When the first series of 
excavations have been mode and the work set, 
the intermediate pieces are dealt with. Great 
care is required to see that the concrete sur- 
faces between the successive blocks are clean 
and a good junction is made. The brickwork is 
toothed all the way up. 

To be continued 



A SHORT DICTIONARY OF TERMS USED IN BUILDING 

COMPRISING EXCAVATING, TIMBERING, SHORING, DRAIN LAYING, ETC. 


AOfttOU LTURAL DRAIN- A drain 

conveying surface water from land. 

Asphalt*— A natural bituminous snb- 
stance impervious to water. 

RAL LAST— Sand y gravel dredged from 
river beds used for concrete. 

Ballast, burnt— GUy dug from excava- 
tions and burnt In Its natural state. 

Barrel drain— One in the form of a 
hollow cylinder. 

Bendi-Channels or pipes curved on 
plan. 

OSMENT— A material used for binding 
together other material and capable 
of setting without the access of air. 
Cement concrete, and mortar— 
Concrete or mortar the matrix of 
which consists of cement. 

Centre— Temporary frame of wood on 
which an arch or vault is constructed. 

Cesspool— A well formed below the 
ground to receive sewage. 

Chair— 8upjH»rt used In drain laying to 
raise pipes above concrete bed. 

Channel pipe— Pipe of half round 
section. 

Clamp— Rectangular maw of crude 
brides stacked for burning. 

Clay puddle— Clay tempered with 
water. 

Cleaning eye— An opening In a pipe 
through which it may be cleansed. 

Cleat— Block of timber fixed to any 
timber to support a strut. 

Clinker— A small vltrltled brick used 
for psvlng. 

Coffer dam- A temporary water-tight 
wall of timber and clay puddle to keep 
out water during building operations 
dose by. 

Concrete— A compound formed of 
various hard dry materials mixed with 
lime or cement and water which sets 
Into a solid mass. 

Crane— Machine for raising and shift- 
ing heavy weights. 

DEAD AH OR*— Vertical shore carry- 
ing a dead load. 

Derrick— Form of crane often raised 
to and used at a great height from the 
ground. 

Derriok stage— Form of gantry to 
support an elevated derrick. 

Disconnecting chamber— Chamber 
formed In thelength of a drain in which 
the house drain is disconnected from 
a sewer. 

Dog-iron— Iron liar with ends sharp- 
ened and bent to right angles for hold- 
ing together heavy timbers. 

Drain — Pipe for the conveyance of 
sewage and waste water. 

Drain-pipes— Cylindrical tubes used to 
form a drain. 

EXCAVATION— A trench, pit, or tun- 
nel dug out Itolow the level of the 
ground. 

Excavator— IJdwurer who digs and 
removes earth, etc., to level sites or 
form trenches, pits, and tunnels, 

FENDER- Balk of limiter placed out- 
side a gantry to keep carts from 
damaging thg uprights. 

Flat centring— Temporary frame of 
wood on which a flat concrete floor is 
formed. 

Flushing tank— Chamber Ailed with 
water and discharged at intervals to 
cleanse drains. 

Flying shore— One placed horlsontaliy 
across an open space between two 
Imildings. 

Fresh atr Inlet (abbreviation F.A.L)— 
Inlet luto disconnecting chamber of a 
drain to admit ventilation, 
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QANTRY — Temporary erection of 
squared timbers for dealing with heavy 
loads. 

Granolithic— Species of flue ooncrete 
formed with granite chips used for 
paving and steps. 

Gravel— Natural soil composed of small 
stones and sand. 

Grcase-tr&p— Form of trap to receive 
the discharge from a scullery sink. 

Grub up— To break up and clear old 
foundations, drains, roots, Ac., from a 
site. 

Gully— Form of trap to reoelva waste 
water from ground surfaces or pipes. 

HARD OORB— Hard dry broken rub- 
bish. 

Head— In gantries the beam carried by 
tha uprights. 

Hoggin— Screenings from pit gravel 
used for covering paths. 

Holdfast— Iron spike with flat head for 
driving into brickwork. 

Hoop-Iron— Long flat strips of iron of 
various widths and gauges. 

Horsing— Term used for strutting up 
oentrlug from a solid base. 

Hydrauiiclty — Capacity of cements 
and some limes to set without exposure 
to the air when mixed into a paste 
with water. 

INSPECTION EYE- Opening In a 
drain or pipe by which it may be 
examined. 

Invert— Lower part of a drain-pipe or 
•ewer. 


JUNOTION— Drain-pipe with side Inlet 
for another pipe. 

Junction block— Block built into sewer 
with inlet for drain-pipe. 

LAOGI NOB— Strips of wood nailed to 
centres to carry wide arches and 
vaults. 

Lamp hole — Aperture tor lowering a 
light into a drain. 

Ledger— In scaffolding the horizontal 
timber carrying putlogs. 

Lime— Material produced by calcining 
limestones. 

Limekiln— Structures In which lime Is 

calcined. 

Loam— Soil in which clay prevails. 

MADE GROUND— Ground which has 
been filled in, not virgin soil. 

Main drain — Principal drain with 
which branch drains are connected. 

Manhole — Chamber formed in the 
length of a drain for cleansing and to 
receive branch drains. 

Metalling— Hard material forming the 
wearing surface of a road. 

Monkey— Moving weight used in a pile 
engine for driving piles. 


NEAT OERflBNT— Cement used with- 
out sand. 

Needle— In shoring a timber passed 
through a wall the ends of which are 
supported. Also the small tlmlier 
inserted through wall-pieoe to receive 
head of raking shore. 

FILER— Long timliers driven into loose 
ground to support superstructure. 

Pile engine— Apparatus for driving in 
plies. 

Plaster of Paris— Material produced 
by calcining gypsum {*UniU\ 

Poling boards— Short boards used in 
timlmring foundations. 

Portland ooment— Artificial cement 
of great strength and eminently hy- 
draulic. 

Pumice— A light volcanic stone. 

Putlogs— Short square timbers used in 
scaffolding to carry scaffold hoards. 


Putlog holes— Holes left in brick walls 
to receive the inner end of putlogs. 

QUIOKUME- Material produced by 
calcining pure limestone. 

RAKING SHORE — One making an 

inclination with the horizon. 
Retaining wall— One built to uphold a 
bank of earth. 

Riding shore— One not carried down to 
the ground, but rising from the back 
of a raking shore. 


SAND— Fine very hard material pro- 
cured from pits, river beds, and the 
seashore, may also be crushed from 
sandstone. 

Scaffold — Temporary erection from 
which permanent walls are con- 
structed. 

Scaffold boards— 8 tout boards with 
ends bound with hoop-iron, used to 
form platforms on a scaffold. 

Soaffolder— Superior labourer specially 
engaged in erecting and altering 
scaffolds. 

Scaffold height — Distance between 
successive ledgers in a scaffold, usually 
five feet. 

Screw pile— Hollow cylindrical iron pile 
with large projecting screw at its base. 

Selenitic lime or ooment— One con- 
taining a small proportion of sulphate 
of lime, as plaster of Paris. 

Setting— Hardening of a lime or cement 
mixed into a paste with water. 

Sewer— Drain usually under public road 
to receive drainage of several buildings. 

Shoring— rhe system of propping or 
strutting a building temporarily with 
timbers. 

Silt— Muddy deposit from rivers. 

Slaking — Chemical combination of 
quicklime with water. 

Sleeper— In a gantry the horizontal 
beam on which the uprights stand. 

Socket-pipe — One having socket 
formed at one end to receive end of 
next pipe. 

Solepiece— Timber on which a system 
of shores rests. 

Spigot end— End of a pipe that fits into 

socket. 

Spoil — Material that has been exca- 
vated. 

Standards— Vertical posts of a scaffold. 

Stoonlng— Brick lining without mortar 
In a cylindrical well or cesspool 

TAPER PIPE — One of which the 
diameter is regularly reduced from 
end to end. 

Tar paving— Mixture of tar and shingle 
used to pave footpaths and areas. 
Three-quarter pipe— Pipe of which 
three quarters of the circumference is 
formed. 

Trap— In drainage a device to prevent 
the admission of sewer gas into a 
building while allowing sewage to pass 
through it 

Traveller— Small crane mounted on 
rails and able to move to and fro. 

Trench— Excavation with parallel sides 
for the base of a wall or for a drain. 

Turning piece — A small centre cut 
from a thick board on which arches 
with uarrow soffits are constructed. 


UPRIGHT — Vertical timbers of a 
gantry. 


ttnunus- 


■uwuuiiMu unioers used 


in connection with " piling and in 
timbering excavations. 

W * 11 Piece— !n shoring, « wood plate 
placed vertically against the wall; 

Water teal-Depth to which the upper 
part of a trap extends below the water 
standing in It. 
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THE METRIC SYSTEM 

49. In most European countries the Metre is 
the unit of Length. This is the fundamental 
unit of the Metric System; the units of 
weight, area, and capacity all being derived 
from it. 

The Metre was originally defined as being 
one ten-millionth of the calculated distance 
from the equator to the north pole, measured 
on the meridian of Paris. Its equis T alent 
in English measure is approximately 39*37 
inches. 

The metre is divided into 10 equal parts, 
called decimetres ; the decimetre into 10 equal 
parts, called centimetres ; and the centimetre 
into 10 equal parte, called millimetres. 

Similarly — 10 metres = 1 decametre , 

10 decametres = 1 hectometre , 

10 hectometres = 1 kilometre, 

10 kilometres = 1 myriametre. 

Thus, Greek prefixes, Deco-, Hectu-, etc., indi- 
cate units greater than the metre, and Latin 
prefixes indicat » units less than the metre. 

The abbreviations for Decametre, etc., are 
Dm., Hm., Km., Mm. ; and fur decimetre, etc., 
are dm., cm., mm. 

60. Since the system is a decimal system 
(i.e. based on the number 10) the notation will 
be exactly the same as that in Art. 29. 

Thus, 8 Dm. 5 m. 7 dm. 4 mm. will be written 
85*704 metres. 

The process of Reduction consists of no more 
than nn alteration in the position of the decimal 
point. 

For example, 85*704 metret is equal to 
857*04 dm., or 8570*4cm., or 8*5704 Dm., or 
*085704 Km., etc. 

Addition, subtraction, multiplication, and 
division, are done just as in Arts. 30-33. 

Example 1. Add together, and express in 
metres, 4128 cm., 5926 mm., 782 dm., 519 cm., 
2900 mm. 


41*28 Express each quantity 

5*926 in metres, by moving 

78*2 the point. Write the 

5*19 points under one 

2*9 another, and proceed 

133-496 metres Ans. as in Art - 301 

Example 2. How many times can 5 dm. 
2 cm. 7 mm. be subtracted from 6 m. 3 dm. 
2 cm. 4 mm. ? 

Here, required no. = 

6 m. 3 dm. 2 cm. 4 mm. 6324 mm. __ ^ times 
5 dm. 2 cm. 7 mm. 527 mm. 


51. The unit of Surface is the Square Metre. 

The table is — 

100 sq. mm. = 1 sq. cm. 

100 sq. cm ~ 1 sq. dm. 

100 sq. dm. = 1 Bq. m. 

100 sq. in. = 1 sq. Dm. 
etc. 

The Are = 100 sq. metres. Its multiples are 
the decare, hectare, etc., and its divisions the 
deciare, cent hire, etc. 

The unit of Volume is the Cubic Metre. 

The table is — 

1000 cu. mm. = 1 eu. cm. 

1000 cu. cm. — 1 cu. dm. 

1000 cu. dm. sb 1 cu. m. 
etc. 

The unit of Capacity is the Litre, and is equal 
to the content of a cubic decimetre. (English 
equivalent = 1^ pints, approx.) Hence, we 
have oentilitre, decilitre, etc. 

Tho unit of Weight is the Gramme, or Cram, 
and is equal to the weight of 1 cubic cm. of 
distilled water at a temperature of 4° Centigrade 
Hence, kilogramme, hectogramme, etc;. 

1 quintal = 100 kilogrammes. 

62. Tho French system of Money is also con- 
nected with the metre : the franc being a silver coin 
weighing 5 grammes. 1 franc 100 centimes. 

EXAMPLES 6 

1. Write in litres and odd together, 179480 dl., 
2951 Dl., 307 1., 54 HI., 729825 ml. 

2. Write in sq. metres, and add together, 
12345 sq. cm., 43 sq. Dm., 3529 sq. m., 
7140 sq. dm. 

8. Writes in ares, and add together, 42 sq. deca- 
metres, 0240 sq. metres, 275 deciares, 42 
hectares. 

4. Multiply 24 grams, 5 dg. 4 mg. by 63. Give 
the answer in cgs. 

5. How many times can 47 mm. bo taken from 
90 Hm. 7 Dm. 2 m. 3 dm. 5 cm. ? Express the 
remainder in metres. 

6 . Find the value in francs of 124 Kg. 3 Hg. 
5 g. of salt, at 25 centimes per Kg. 

7. What will be the coBt of 2 HI. 7 Dl. 5 1. of 
wine, at 3 francs 50 centimes per litre ? 

8 . How many sheets of cardboard 1*5 mm. 
thick are there in a pile 2*7 metres high ? 

9. Assuming 8 kilometres = 5 miles, how many 
minutes shall I take to walk I kilometre, if 
I walk at the rate of 4 miles per hour ? 

FACTORS 

53. We have seen (Art. 15) that when two or 
more numbers are multiplied together, the 
result is called the product of the numbers, and 
each of the numbers is called a factor of the 
product. 
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MATHUKATlOa 

A prime number is a number which has no 
factors (except itself and unity). 

Any other number is called a composite num- 
ber. The prime factor s of a composite number 
are the prime numbers whose product is the 
composite number. 

Example, The prime factors of 00 are 2, 2, 
3, 5. For 2, 2, 3, 5 are all prime numbers, and 
their product is 60. 

Two numbers are said to be jn'itne to (me 
another when there is no number except unity 
which will divide both of them exactly. 

Example. 18 and 35 are prime to one an- 
other, since no number will divide both 18 and 
35 and leave no remainder in either cast?. 

Note, however, that neither 18 nor 35 is a 
prime number. 

54 . The prime numbers less than any chosen 
numt>cr, say 100, can lie found in the following 
way. Write down all the numbers from 1 to 
100. Then, starling from 2, strike out every 
second number {viz. 4, 0, 8, etc.). This, of 
course, removes all multiples of 2. Next, go 
to the tirst number al>ove 2 which is not struck 
out, i.e. 3, and, starting from here, strike out 
every third number {viz. 6, 9, 12, etc.). Now 
take the next numlx>r above 3 which is not 
struck out, i.e. 5, and starting from 5, strike 
out every fifth number (ms, 10, 15, 20, etc.) — 
and so on. 

Note. In the example just considered it 
will not lx? necessary to continue the process 
after we have started from 11. For on dividing 
100 by 11, the quo'ient is Ions than 13, the next 
higher prime*. Hence, if any of the numbers 
are divisible by 13, the quotient must lx? less 
than 11, i.e. they are multiples of numbers less 
than 11, and the re fort? have already been struck 
out. 


55 . The prime numbers less than 100 are 
thus found to be 2, 3, 5, 7, 11, 13, 17, 19, 23, 
29, 31, 37, 41, 43, 47, 53, 59, 01, 07, 71, 73, 79, 
83, 89 and 97. 

Example 1. Is 091 prime or composite ? 

It is only necessary to find, by trial, whether 
091 is exactly divisible by any prime number 
less than 691. For, if it were divisible by any 
composite number, it would plainly be divisible 
by the prime factors of that number. 

By trial, we find there is a remainder in 
each case when 09 i is divided by 2, 3, 5, 7, 
11, 13, 17, 19, 23, 29. Wo need not try any 
higher number than 29, because the quotient 
in that case is less than 31, the next prime. 
[See Not© above.] 

Example 2. Find the prime factors of 315084. 


2 ) 315084 

2 ) 157542 

3 ) 7877 1 
7 ) 2025 7 

11 ) 3751 

11) 341 

31 


Here, by trial, we find that 
315084 is divisible by 2; 
the quotient obtained is 
divisible by 2 ; the second 
quotient is divisible by 3 ; 
and so on until we obtain 
a prime number, 31, for 
quotient 


.*• 315084 « 2x2x3x7x11x11x31 Ans , 
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56. In finding the factors, whether primeoi* 
composite, of a given number, it is often 
possible to test its divisibility by another 
number, without performing the operation of 
division. The following are some of the most 




1, Every number is a multiple of 10 + 
its units digit, /.an mber is divisible by 
2 if its units digit is divisible by 2. 

Such a number is called an even number. 
A number which is not divisible by 2 is 


called an odd number. 

2. Every number is a multiple of 100 + 
the number formed by its two right-hand 
digits. But every multiple of 100 is 
divisible by 4. Hence, if the number 
formed by the last two digits is divisible 
by 4, so is the number itself. 

Note. Since 100 = 4 x 25, the same test 
will show whether a number is divisible 
by 25. 

3. In a similar manner we may show 
that a number is divisible by 8 (or by 125) 
if the number formed by the last three 
digits is divisible by 8 (or by 125). 

4. For the same reason as in [1], a num- 
lx;r is divisible by 5 if its units digit is 
divisible by 5, i.e. if its units digit is 0 or 5. 

5. A number is divisible by 3 if the sum 
of its digits is divisible by 3. 

For, consider the number 6237. 

We know that 

1000 - 999 + 1 

100 = 99 + 1 
10 = 9 + 1 

Therefore 

0000 = a multiple of 3 + 6 
200 = a multiple of 3 + 2 
30 = a multiple of 3 -+ 3 

Hence, by addition, 

0237 = a multiple of 3 + 6+ 2 + S + 7, 
so that, evidently, 6237 is divisible by 3 if 
6 + 2 4-3 + 7 is divisible by 3, i.e. if 18 is 
divisible by 3. 

6. In the same way we can show that a 
number is divisible by 9 if the sum of its 
digits is divisible by 9. 

7. A number is divisible by 11 if the 
difference between the sum of its first, 
third, fifth, etc. digits and the sum of its 
second, fourth, sixth, etc. digits is divisible 
by 11. 


) = a multiple of 3 + 1, 
in each case. 


Consider the number 38032, 


We know that 


10000 - 1, i.e. 9999 

1000 + 1, i.e. 990 + 11 are multiples 

100 - 1, i.e. 99 of 11 ; 

10 + 1, i.e. 11 
Therefore 


30000 - 3 \ 
8000 + 8 ! 
600 — 0 i 

30 + 3) 


are multiples of 11. 


Hence, by addition, 

38632 - 3 + 8 — 6 + 3- 2 is a multiple 
of 11. 



It follow^ then, that 38632 divided by 
11 most leave the same remainder as 
(3 + 6 + 2) - (8 + 3) divided by 11. Con- 
soquently, if (3 + 6 + 2) - (8 + 3), or the 
difference between the sum of the digits 
in the odd places, and the sum of the 
digits in the even places, is divisible by 
11, so is the number itself. 


HIGHEST COMMON FACTOR 

57. A factor which divides each of two or 
more numbers is called a common factor of the 
numbers. The greatest factor which divides each 
of the numbers is called their Highest Common 
Factory or their H.C.F. 

Note. Any number which exactly divides 
another number is called a measure of that 
number. Hence the H.C.F. of two or more 
numbers is often spoken of as their Greatest 
Common Measure, or G.C.M. 


58. The H.C.F. of numbers which have been 
expressed in prime factors can be found by 
inspection. 

Example 1. Find the H.C.F. of 42, 70, and 
182. 


42 = 2 x 3 x 7) 
70 = 2 x 5 x 7 > 
182 = 2 x 7 x 13 j 


We see that 2 and 7 are 
common factors. 


H.C.F. =2x7 = 14 Ans. 


Example 2. Find the H.C.F. of 836, 2728, 
and 10010. 

Wo need not find the prime factors of more 
than one of the numbers. 

836 = 2 x 2 x 11 x 19. 

It is clear that it is only necessary to find 
which of these factors are common to all throe 
of the numbers. By inspection, 2 is common 
to all: but 2 x 2 is not common. Again, 11 is 
common to all : and by trial we find 19 divides 
neither of the other numbers. Henoo, the 
common factors are 2 and 11. 

.*. the H.C.F. =2x11= 22 Ans. 


59. When the numbers cannot easily be put 
into factors, we use another method. 

We must first prove that 

The common factors of a divisor and a divi- 
dend are the same as the common factors of the 
divisor and the remainder . 

Consider the numbers 121 and 341. 

If we divide 341 by 121 we get 2 quotient and 
99 remainder. 

.\ 341 = 2 x 121 + 99 (Art. 23), 

or 341 - 2 x 121 = 99. 

Now, any common factor of 341 and 121 
is also a common factor of 341 and 2 x 121, 
and is therefore a factor of 341 >2 x 121, 
i.e. of 99. Or, any common factor of the 
divisor and dividend is also a factor of the 
remainder. 

Again, any common factor of 121 and 99 is a 
factor of 2 x 121 + 99, i.e. of 341. Or, any 
common factor of the divisor and remainder is 
also a factor of the dividend. 

Hence, the common factors of the divisor and 
dividend are the same as those of the divisor 
and remainder. 


731 ) 817(1 

86 ) 731 ( 8 
43)86(2 

H.C.F. = 43 Ans. 


MATHCMATIO* 

60. We shall apply this result to find the 
H.C.F. of 731 and 817. 

Explanation. Divide 
731 into 817. The re- 
mainder is 86. We have 
shown that the common 
factors of 731 and 817 are 
the same as those of 731 
and 86. We now apply 
the same principle to 731 and 86. On dividing 
731 by 86 we get a remainder 43, and wo know 
that the common factors of 86 and 43 a re the 
same as those of 86 and 731, and therefore the 
same as those of the original numbers. Wo 
now divide 86 by 43 ana get no remainder, 
i.e. 43 is the highest common factor of 43 and 
86, and therefore the highest common factor of 
the original numbers. 

61. If at any stage of the work we soe a 
prime factor of tho divisor which is not a factor 
of the dividend, we may tako that factor out, 
since it is not common. Thus, in the above 
example, 2 is a factor of 86, but not of 731. 
Wo therefore tako the factor 2 out of 86, leav- 
ing 43, and then divide 43 into 731. This is 
found to leave no remainder, so that the work 
finishes at this stage. 

Again, if at any stage we see a factor which 
is common to divisor and dividend, it shortens 
tho labour if wo take that factor out; but wo 
must remember to include tho factor in tho 

H.C.F. 

Example. Find the H.C.F. of 6171 and 
129129. 

We see (Art. 56) that 3 is a factor of both 
numbers. Wo therefore divide each by 3, ob- 
taining the quotients 2057 and 43043. Now, 43 
is evidently a factor of 43043, and by trial we 
find it is not a factor of 2057. Hence, we pro- 
ceed with the H.C.F. of 2057 and 1001. 


1001 ) 2057 (2 

55 ) 1001 ( 18 
451 

11 ) 55 ( 5 


This we find to be 
11. Therefore the 
H.C.F. of the two 
given numbers is 
11x3, i.e. 33. 


62. To find the H.C.F. of more than two 
numbers, we first find the H.C.F. of two, then 
the H.C.F. of this result and the third number, 
and so on until we have used all the numbers. 


LEAST COMMON MULTIPLE 

63. A multiple of a given number is a number 
which is exactly divisible by the given number. 
A common multiple of two or more given 
numbers is a number which is divisible by each 
of them. The Least Common Multiple or L.C.M. 
of the numbers is the least number which is 
divisible by each of them. 

64. If the given numbers can be put into prime 
factors their L.C.M. is readily'obtained. 

Example. Find the L.C.M. of 30, 63, and 140. 

30 = 2 x 3 x 5 ) L.C.M. 

63 = 3x3x7 > =2x3x5x3x7x2 

140 = 2 x 2 >. 5 x 7) = 1260 Ans. 

Explanation. The L.C.M. must be divisible 
by 30, therefore it must con ain the factors 
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2, 3, 5. Next, the L.C.M. must be divisible by 
63, therefore it must contain the factors 3, 3, 7. 
But we have already one 3 in the L.C.M., so 
that w© have only to write 3, 7 along with the 
2, 3, 5. Similarly \ since the L.C.M. is to be 
divisible by 140 , we see that it must also have 
another factor 2, 2. Thus the L.C.M. consists 
of the factors 2, 2, 3, 3, 5, 7. 

65 . The above process is usually shortened 
in the following way. 

Example. Find the L.C.M. of 13, 15, 182, 14, 
52, and 65. 


2 

5 

13 


t$,j5 f 182. 52, 05 

15, 91. 2(j,Ji5 

3. JH . 26, ^ 

3, 7. 2 ” 


Explanation. 
13 is a divisor 
of 65, and 
therefore any 
multiple of 
65 will also con- 
L.C.M. -2x5x13x3x7x2 tain 13. Hence 
= 5460 An*. wo may leave 

out the 13. 

Similarly we leave out 14, since it is con- 
tainod in 182. Next, divide by a prime 
number which is a factor of two or more 
of the given numlwrH. In this case we see that 
2 is a factor of 182 and 26. Divide those num- 
bers by 2, and set the other numbers down with 
the quotients; thus, 15, 91, 26. 65. We now 
■ee that 5 is a factor of two of these numbers. 
Divide them by f», and we get 3, 91, 26, 13 for 
the third line. We now leave out 13 since it is 
contained in 26. Finally, wo divide by 13, 
which is a factor of 91 and 26. There are now 
only prime numbers left ; and the L.C.M. is 
the product of the numbers in the last line and 
of the numbers by which we have divided. 

66 . If the prime factors of the numbers are 
not easily seen, wo proceed thus. Find the 
H.C.F. of two of the given numbers, and divide 
them by their H.C.F. The two quotients can 
have no common factor. Hence (Art. 64), the 
L.C.M. of these two quantities is 

H.C.F. x 1st quotient x 2nd quotient. 

In exaotly the same way we now find the 
L.C.M. of this first L.C.M., and the third of the 
given quantities. Evidently this is the L.C.M. 
of the three quantities. And so on, until wo 
have used all the quantities. 

Example. Find the L.C.M. of 16046, 21922, 
and 23843. By the rule of Art, 60 wo find the 
H.C.F. of 16046 and 21922 is 226. On dividing 
these two numbers by 226, the quotients are 71 
and 97. Therefore, the L.C.M. of 16046 and 
21922 is 

226 x 71 x 97, i.e. 2 x 113 x 71 x 97. 

By trial, we find the only one of these factors 
which divides 23843 is 113. Therefore the 
H.C.F, of the L.C.M. already found and of 
23843 is 113. Divide the L.C.M. by 113, obtain- 
ing 2 x 71 X 97; divide 23843 by 113, obtaining 


Hence the L.C.M. of the three given numbers is 
113 x 2 x 71 x 97 x 211. 

67 . To find the H.C.F. or the L.C.M. of com- 
pound quantities we must first, by reduction, 
express them as simple quantities in terms of 
the same unit. 

Example. Find the H.C.F. and L.C.M. of 
7 qrs. 14 lbs.; 3 cwts. 1 qr. 26 lbs.; 4 cwt. 
14 Jbs. 

Reduce each quantity to lbs. as in Art. 38. 

Then, 

7 qrs. 14 lbs. = 210 lbs. = 2 x 3 X 5 x 7 

3 cwt. 1 qr. 26 lbs. = 390 lbs. = 2x3x5x13 

4 owt. 14 lbs. = 462 lbs. = 2x3x7x11 

Hence, H.C.F. = 2x3= 6 lbs. An*. 

L.C.M. = 2x3x5x7x11x13 
= 30030 lbs. 

= 13 tons 8 cwt. 14 lbs. Ans. 


68. We add some miscellaneous examples. 
Example 1. Find the least number which, 
when divided by 15, 21, 35, or 45, always leaves 
remainder 12. 


15, 21, 35, 45 


35, 15 


7, 3 


L.C.M. = 3 x 5 x 7 x 3 = 315 
Required no. = 315 4* 12 
= 327 Ans. 


Explanation. 
The least num- 
ber which, when 
divided by 15, 
21, 35, or 45, 
leaves no re- 
mainder, is their 
L.C.M., which 
is 315. the 
, , . , , smallest num- 

ber which leaves remainder 12 is 315 -f 12. 

Example 2. Find the greatest number which, 
when divided into 9505 and 20840, leaves 
remainders 49 and 155 respectively. 

If the number divides 9505 and leaves a 
remainder 49, it must divide 9505 - 49, t.e. 9456, 
and leave no remainder. 

Similarly, it must divide 20840 - 155, i.e. 
20685, and leave no remainder. 

9456 ) 20685 (2 

1773)9456(5 

39! ) 1773(3 

Required number = 591 Ans. 


Therefore, the 
number re- 
quired is the 
H.C.F.of 9456 
and 20685. 


Example 3. A man walking along a road 
notices a mile-stone standing against a telegraph 
pole. He finds the telegraph poles are 66 yards 
apart. How far will he walk before he again 
finds a mile-stone against a telegraph pole ? 

He will evidently have to walk a distance 
which contains 66 yards an exact number of 
times, and w r hich also contains 1 mile an exact 
number of times. The least distance he must 
walk, then, will be the L.C.M. of 66 yds. and 
1 mile, %.e . of 66 yds. and 1760 yds. This is 
found to be 5280 yds., or 3 miles Ans . 


To be continued 
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continued Choice of Work, How to “ Block in.” The Power of Line, 

^from^ Aids to the Artist’s Career. Drawing- from Life. The Human Form 


By P. G. 

The Artist 9 # Choice of a Career. 

The student on the threshold of an artistic 
career should be very decided as to what 
branch of art he intends to master. If all his 
joy be in colour, he should give his strength to 
so mastering colour that it shall express the 
mood of the thing he wishes to create ; and he 
should at the same time remember that there are 
other ways of painting, often vastly more lucra- 
tive, than the mere making of easel pictures. 
He should look to the o&reer which will give him 
the greatest scope for his powers and the largest 
outlet for employment — such as the decoration of 
the walls of houses. Then, again, the illustrating 
of books and papers created some of the noblest 
art nf the last fifty years. This field is to-day 
seriously damaged by the widespread use of 
photography ; but photography can never com- 
pete with the creative artist in invention, and 
for the man of ideas there is still scope even in 
illustration, though the field is very limited. 
There is, on the other hand, wide scope for the 
employment of his art in advertisement such as 
the designing of the picture poster. 

If, however, his joy be form, and he decide to 
be a sculptor, the same advice applies to him, for 
whilst his chances in selling the imaginative 
piece must always be limited, there is wide scope 
for him in the modelling of beautiful articles for 
everyday use and in creating decorative sculpture 
for builaings. In short, let nothing be too large 
or too small for the exercise of the artist’s gifts — 
the more he does, the more facile will become 
his hand’s skill in creation. There was never 
such a crying need for the beautifying of life by 
making every utensil and adornment in the 
home and in the street a joy to the eye. 

What He Must Teach Himself. 
Having decided, then, on the province of art 
which he will make his own, the Btudent is at 
once brought face to face with the serious 
question of training and pupilage. It is evident 
that the student will have to go through a 
certain amount of schooling in order to learn 
modelling in clay if he desire to become a 
sculptor, or the handling of paint if he wish to 
become a painter ; but it is astounding how 
much he can learn even of these things in a short 
time, if he will first of all teacif himself what he 
can alone learn by his own application and 
taste — to draw. Some men have risen to fame 
without more schooling in the arts than they 
oould get from their own industry and the 
fellowship of other students. But whether a 
man be blessed with the inestimable advantages 
of seeing the great masters at work, or, better 
still, of working in their studios as pupil ; or 
whether he may have to discover the craftsman- 
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ship of his art step by step for himself, there is 
one thing above all others that he muM teach 
himself, and that is to draw with ease anything 
that may oome his way, so that drawing becomes 
a habit. Drawing is to the artist what words 
are to him who would speak well ; and just as a 
thorough grasp of English enables a man to 
speak it without any conscious effort, so a 
tnorough mastery of detail should enable the 
artist to draw with such facility that his mind 
is not harassed by any of the countless 
difficulties which bewilder the student at the 
beginning. 

The Habit of Drawing. This habit of 
drawing, which is at the base of everything that 
an artist does, which is in fact beneath every 
brushful of paint before that paint can be placed 
exactly where he wishes to place it, which is 
beneath the stroke of the chisel before the chisel 
can be made to yield form — this habit of drawing 
is the base and foundation of everything the 
artist does or may ever hope to do . And this art 
of drawing he must teach himself, whether he go 
to an art-school or become the pupil of a master, 
and by his own powers and gifts alone can he 
acquire it. He cannot begin too soon, for he 
must go through on ugly, hard, rigid stage of 
striving before the secret comes to him — nothing 
is too humble for him to draw. One day mastery 
may burst upon him almost as by magic, and he 
will find his hand drawing any form he desires 
to express, just as, in learning to read, his eye 
takes in the word without spelling it. 

It is clear, therefore, that it is a waste of 
time to enter a class of painting before the hand 
can obey the will in its desire to express the 
form of things ; let us therefore proceed to 
show the way along the road to art by showing 
what the student must teach himself ; and when 
he is fit to take advantage of the schools we will 
lead him thither and through. 

Drawing from Memory. Besides draw- 
ing direot from nature the student should 
practise from the outset memory drawing. He 
should try to record with his pencil what 
his eye has observed in street or field. And 
if he fail, let him go out and look again, 
and then correct his drawing until he is 
satisfied with the result. He will find this 
especially useful for the expression of movement, 
and his eye will soon acquire the custom of 
retaining each successive stage of rapid motion. 
This is the method of training followed by the 
Japanese, and in it lies the secret of the charm 
of Japanese art, which expresses with bold sim- 
plification the salient points which the eye can 
take in at a quick glance, omitting the detail 
which can only be observed in complete repose. 
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Ant step, then, is to us* drawing as a 
habit, wow, the tendency of the be- 
ginner, when he starts to draw an 
object, is to begin with details, which 
is disastrous. He should first of all 
M block ” in the mass, as it is called, 
then “ block ” in the mass of the detail, 
and then get the accurate forms . For 
instance, in sketching the human figure, 
first roughly sketch the main propor- 
tions so as to get the swing ana action 
and general relations of the parts one 
to the other, so as to get the propor- 
tions right ; then roughly sketch the 
* general form of the details of the head 
and limbs ; then with tolling lines get 
the true form of the features and the 
wondrously beautiful lines of the limbs, 
so that when even the outlines of the 






figure are drawn, they seem to hold s/Vl. 
the forms and state their character 
and suggest tiesh. x> 

It is a good thing — indeed it is the ^ - v 

best master in the wide world — to col- ' > 

loot prints and out out of old magazines 
good drawings by well-known artists , ^ . * 

and to copy them — not only the work c 
of one man, but the work of many, so ' x % < 
as to learn to say with line what they * v ^ 
could say. The choice of the masters v 

will depend upon the taste of the 
student; but the chalk portrait heads 
of Holbein, the many sketches in chalk 
by Lord Leighton, and the clear, firm 
drawings of such popular draughtsmen &b Phil 
May, Randolph Caldecott, and the like, are in- 



! 
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“THE SOWER,” BY J. F. MILLET 


valuable guides to drawing ; whilst Sir Edward 
Poynter issued a series of drawing-books for 

students of the 
'-v < * antique which 

* ',>*■* are good train- 

ing in chaste, 

’* ‘ * dear line of 



the beauty of 
form to be 
learnt from the 
great Greek 
sculptors. It 
is capital prac- 
tice, too, to 
get photog- 
raphs of well- 
known people 
and of beauti- 
ful women, 
and to sketch 
them in line, 
always re- 
membering to 
“ block in* the 
whole head 
first, then to 


‘•THE GLEANERS,” BY J. F. MILLET 


draw the de- 
tails in their 
true relation 
to each other 
afterwards. In- 


Reth these picture* Illustrate the power of line : u The Sower,” by Its noble swing, suggests 
the mastery of man over Earth . “ The Gleaners.” by Its curves, suggests Earth enslaving man 
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deed, the very 
collecting of 


M ean m p h i Of dn w ii a t will train 
ti» agpa far better than «Q the directions 
tefloaUponiUybegim 

Detail. The rough lines to M block 
out” the object are, needless to say, only 
to give a rough idea of where the real 
form will come ; but when the details are 
drawn, then every line should be so true 
that the very object seems to be en- 
closed within them. In the first rough 
sketch of the general form and swing of 
the figure, for instance, we are only seek- 
ing to get proportion, and the general idea 
of the ground to he covered. But the 
drawing of the detail that will then be 
set within this rough sketch cannot be 
too true or too beautiful in its effect upon 
the eye. 

Exactly the same advice applies to a 
landscape. Bough sketch the relation of 
things as a whole, roughly showing where 
the masses of dark and Light will come, 
and the general lines. Then sketch in 
the details, which will not now get out 
of place. 

It used to be the habit in the art 
schools to set a pupil to draw a Greek 
statue, and laboriously spend weeks and 
months in stippling ana cross-hatching 
the light and shade of every detail of it ; 
but this is a pitiful waste of power which 
should be applied to the acquiring of ease, 
deftness and swiftness in setting down 
the form of things. And even if a 
student be attending an art school, all 
his work there will be empty of result if 
ho is not constantly drawing as swiftly 
and well as ho possibly can every 
object that he sees about him. Then, 
when the day comes that he awakes to 
find drawing a habit, he will not only be 
able to paint without being harassed with 
the difficulty of drawing, but he will be able to 
concentrate all his powers upon getting the 
colour true. Many a boy has come to hate 
literature because he was compelled to learn 
Shakespeare before he could understand him ; in 
the same way art is choked out of many a lad 
by the boring and tedious effort to draw objects 
like old statuary until he hates every detail of 
the beautiful object. 

Everything holds a character of its own, and 
that character can be given by drawing. It 
used, for instance, to be a stupid axiom amongst 
artists that trousers were without any character 
but that of stove-pipes ; but men like Phil May 
came and proved that the lines and forms of 
trousers contained an astounding amount of 
character, whether they were the ragged wear 
of beggars, the dandified grotesqueness of 
costermongers, or the inherited breeches of 
street-boys. Boots hold a rare amount of the 
character of the feet they cover, character which 
they betray to the man with eyes sufficiently 
inquisitive to seek them out and draw them. 

Una. Now as regards the line. The student 
should draw with the line as the musician uses 
a note of music on a violin — making the line 



JOHN FISHER, BISHOP OF ROCHESTER, BY HOLBEIN 
To illustrate the freedom and power of the master’s lino 
[From the original in Windsor Castle] 

swing out or thin down as it suite the form he 
would draw. It is an education to look at one 
of Holbein’s chalk portraits to see how the line 
caresses the form of the brow, and seems to 
disappear over the curved edge, to start again 
and sweep over the cheek bone. The line as it 
forms the nose seems to search out every subtle 
curve and form, until it disappears into the flesh 
under the nostril. Then, again, take a pen 
drawing by Aubrey Beardsley— see how musical 
is the sense it gives. When the line with its 
simple curve sweeps round the edge of the head, 
neck and shoulders of some beautiful woman, it 
seems to be made of delicate flesh— it suddenly 
breaks into a series of dots that seem to be 
made of very muslin, tracing the delicate folds 
of gossamer draperies — then the line takes a 
stronger note and sweeps out the form of the 
silken gown, rippling along tojnake the flounoes, 
and criss-crossing net-wise to state the netlike 
quality of some transparent veil. There is 
scarcely any master who could do more with the 
sheer beauty of his line than Beardsley, whose 
work is easily within the reach of any student. 
There are lessons innumerable in Randolph 
Caldecott's nursery books, not only of how line 
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achieved 
colour — in 


iy and fitly handled can apeak to the eye, 
also in the great beauty of colouring 




broad washes of water- 
practice which greatly 


the value of a 


>wing, or of a 

w done with indelible black ink, which 
ba bontfit from any artists' colourmaa. 

“ iitog. At the same time that the 
ia mattering pure line, he ehould not 
only Ute the pencil ana the pen, but he ought 
from the very first to draw with the brush as 
well, getting his hand used to the loose point 
and the tricks of the tool. He should try to get 
a copy of the 41 Studio's " special number upon 
u Modern Pen Drawing," and Joseph Pennell’s 
most useful volume on pen drawing, with its 
invaluable examples by various artists, a book 
which is an education in itself, since it shows 
what wondrous beauty can be produoed by 
sheer line. 

It would be better still for the student 
to collect a book of his favourite drawings 
and so develop his own taste. And there are 


innumerable §u] 
Edwin Abbey, 


of the work of 
Pyle, Dana Gibson, and 


others in the American magazines, which are 
bettor than much schooling. At foreign book- 
sellers may be procured for a few pence the 
work of Frenchmen like Steinlen, and of Germans 
and other foreign artists in papers like Jugend 
and SimpUcissitnus , which arc not only a joy 
to possess, but which are also a rare education 
in drawing. Also, from the beginning, whilst 
the student is still giving all his strength to the 



Boy : “ No? Why, don i yon n*wr treat yourself to no luxuries, gn vner ? 


TIT* EXFRE3SI VEN MS OF LINE : A PEN-AND-INK DRAWING 
BV PHIL MAY. 


mastery of drawing, he should try to sweep in 
broadly the modelling of the masses ; not going 
into the details as in the old academic methods, 
but still getting the larger values. Thus, when he 
acquires correctness in drawing, he will be able 
to model in the detail with ease. 

A very useful thing, until the student can 
afford the schools, is to get photographs of 
horses, dogs, animals, or people, whether in 
magazines or otherwise, ana try to draw them 
in freehand. 

The Htunan Form* We now oome to 
drawing from the human form. A certain 
amount of anatomy may be learnt from books 
on this subject, but the best way to learn 
it is to take the male figure and the female, 
and to draw them into your knowledge. Mere 
reading of books on anatomy is sheer waste 
of time. The chief muscles and the bones 
should be drawn , so as to give the hand the 
knowledge as well as the head. The student will 
find that when he draws a head, he is inclined, as 
he goes on drawing the figure, to elongate each 
part more and more out of all proportion to the 
head. Some students are inclined to do the oppo- 
site and shorten the proportions — a very ugly 
fault. 

It is best in drawing from life, to tick off the 
proportions so as not to let the pencil stray, 
as it is inclined to do, into elongation. The 
figure roughly divides into two at the top of 
the legs, and artists make the head the standard 
of measurement, always speaking of the figure 
or parts of the figure as so many “ heads." The 
height of the head goes into the 
upright figure seven and a half 
times (the Greeks made it eight, 
as we shall see). The first head is, 
of course, to the chin, the second 
head comes to the nipples of the 
breasts , the third head to the 
navel, and the fourth head to the 
top of the legs. This is half the 
figure , or the whole of the head 
and trunk. 

The fifth head comes down the 
thigh so far as to allow the knee 
to come midway between it and 
the next head, the sixth ; while the 
seventh head reaches to the ankle. 
The foot, then, is midway in the 
eighth head, as the knee was mid- 
way in the sixth. 

A Permissible Exaggera* 
tion. The Greeks made tne shin 
longer, so that the foot came to 
the eighth head, and the figure 
acquired an added grace and 
dignity due to the length from the 
knee to the heel. It is a very 
permissible exaggeration, often em- 
ployed with fine effect by men like 
Leighton. 

The length of the figure kept 
within check, the student is not 
liable to go very far* wrong with its 
breadth ; but it is well to have a 
rough rule of thumb for the face 
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HERMES, BY PRAXITELES THE VENUS OF MILO 

THE GREEK IDE AT. OF BEAUTY 


and head also. The face is halved across 
the eyes ; the nostrils form the quarter line 
(or half the lower half). The hair, roughly 
speaking, forms the upper quarter (or half of 
the upper half). The ears should in the full 
face therefore come between the cross line of 
the eyes and the cross line of the nostrils. The 
width of the face is roughly twice the length of 
the nose, or twice the length from the nose to 
the chin. 

It is well constantly to draw the male and 


female figure from memory — back, front, and 
side view — until the proportions are so set in the 
memory as to become fixed ; in fact, the student 
should be able to draw them almost with his 
eyes shut. It is astonishing how accurate the 
brain becomes in holding these facts when drilled 
to it— just as it holds pages of verse by training, 
stored away until called for. These six forms, 
three of the male and three of the female figure, 
are enormously valuable to the artist's memory 
and hand. 


To be continued 
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HOW A FLOWER IS BORN 

Maintenance of the Life of the Species. Germination and Development 
of Seeds. Structure and Parts of Flowers and Plants. Classification 


By Professor J. R. AINSWORTH DAVIS 


LI OW EVER successful an individual plant 
** or animal may !*• in the struggle for 
existence, the species to which it belongs would 
of course die out were there not Home provision 
for the production of new individual. And we 
find that in all organ torn* part* of the body 
become detached and ultimately grow into the 
mem tiers of a now generation. Thi» process is 
reproduction , or propagation* and may Ik* effected 
by seed-plants in a variety of ways. 

Kind* of Reproduction. A broad dis- 
tinction is drawn between vegetative reproduc- 
tion , in which some of the parts helping in the 
maintenance of the life of the individual become 


detached, and sexual reproduction , which is of 
more specialised nature, and is m mistered to 
by the flower. 

(tood examples of the former are afforded by 
the potato and strawlierry. What is familiarly 
known as a “ potato 11 is really a thickened 
branch of an underground stem, crammed with 
starch and other kinds of nutritive matter and 
technically railed a tuber |40], If allowed to 
rema ; n in the ground the eyes — which are 
really buds — will grow into shoots that rise 
aliovc the surface, while roots grow out from 
their lower nodes. The result is a new plant. 
As everyone knows, this valuable article of food 
is usually propagated by means of the tubers, 
which are out into pieces, care being taken that 
each of these possesses at least one eye or bud. 

In the case of the strawberry, long thin 
branches, the runners, grow along the ground 
away from the parent plant. From everv node 
roots and a shoot can lie produced, which grow 
downwards and upwards respectively [41]. By 
decay of the intomodes the connection with the 
parent is lost, and a number of young distinct 
plants are the not result. 

The Flower. Some of the branches of 
the stem in our pattern plant, instead of giving 
rise to nothing but ordinary foliage-leaves, bear 
one or more flowers, into the nature and use of 
which we must now inquire. We will suppose 
these to be “ pattern flowers,” answering to the 
general plan of which all flowers are variations, 
just as we may look upon the mtuiy kinds of 
clock and watch as being modifications of a 
pattern or diagrammatic time-piece, such as a 
teacher of clock -making might devise to illustrate 
the essential parts common to all pieces of 
mechanism— apart from such things as sun-dials 
— of which the use is to tell the hour of the 
day or night. 

The flower is in reality a greatly specialised 
shoot, concerned with the production of healthy 
seeds, capable of growing into fresh plants. 
Like all shoots, it is a stem bearing leaves, 


m 


though these differ more or less from ordinary 
foliage-leaves, in accordance with their different 
uhc. It is borne on a flower-stalk , which may 
also bear simplified and often scale-like leaves 
known as bracts. 

Parts of the Flower. Consider the 
parts of the flower [42]. The central stem- 
part, the receptacle , is very short, owing to the 
suppression of its intomodes, so that the 
different flower-leaves which it bears are 
crowded together, much in the same way as 
are the foliage-leaves in the rosettes of the 
dandelion and daisy, to which allusion has 
elsewhere been made. The flower-leaves are of 
four kinds, arranged in two sets, (a) the perianth 
or covering-leaves externally, and (b) the essential 
or reproductive leaves internally. 

The two sets of leaves of which the perianth 
is composed are an external circlet or whorl of 
five sepals — collectively termed the calyx — and 
an internal whorl of five petals , alternating with 
the sepals and together making up the corolla. 

The Sepals are firm and green, being more 
like foliage-leaves than their associates. They 
protect the delicate internal parts of the flower, 
especially in the bud. 

The Petals are larger and more delicate than 
the sepals, and are brightly coloured. They help 
to protect the essential leaves, but their chief 
use is to make the flower conspicuous in order 
to attract insects. The object of this will 
presently become apparent. 

Reproductive Leaves. In the essential 
or reproductive leaves, again, we have two sets of 
structures — i.e. two whorls of Stamens , five in 
each whorl, and a whorl of five Carpels. 
The members of each whorl alternate with 
those of the preceding one. 

The Stamens , which are to be regarded as the 
male part of the flower, differ greatly in appear- 
ance from the petals and sepals. Each of them 
is like a thread with a thickened end, the 
two regions being the filament and anther respec- 
tively. In the latter is produced the flou'er-i%M f 
or pollen , which probably everybody has noticed 
in a lily or tulip. If a young anther is cut across 
and examined under the microscope it will be 
found to contain four pollen sacs in which the 
particles of this yellow dust, the pollen-grains, 
are formed. They are essential to the formation 
of the seed, as we shall presently see, and are 
liberated bv the splitting of the anthers. 

Except that the Cmrpds are green, they differ 
widely in appearance from leaves, but each of 
them is really a folded leaf, of whioh the two 
edges have coalesoed. Sheltered within the 
cavity are a number of minute green bodies, 
which grow out from the edges of this folded leaf. 
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jm will fir* realised whrn thi* ca rpH splits open 
later. tin it does, f.g. in larkspur {Delphinium) 
or rnnndi marigold {(attha). The ovule* are 
destined to become the seeds, provided the 
pollen -grains arc allowed the chance of per- 
forming their office. The lower ovule, containing 
part of a carpel is the ovary, and it* narrow 
upper end is the Hit fie, on the top of which i* 
a Ktieky patch, the stigma. The carpel* arc the 
female part of the flower, and are collectively 
termed the pistil. 

Production of Seeds. In order to 
clearly understand how ovule* Income seeds it 
will l>o tiest to leave our pattern flower, and 
consider a *till simpler case, wdiere only one 
carpel is present, in which but one ovule is con- 
tained [48]. Microscopical examination will show 
II* that this ovule is covered by two protective 
skins, imperfect, however, at one place— the 
micropyle , which is simply the Greek for “ little 
gateway.' 1 Within these skins is a cellular mass 
( nucellus ), one cell of which, close to the micro- 
pyle, has developed into a relatively conspicuous 
structure, and is known as the embryo sac, 
Ikjcuuhc within it the young plant is formed. 

The most important part of the contents of 
(bis sac is the e gg-apfuiratus, a group of three 
small cells next the micropyle. One of them, 
which is much larger than the others, is the egg- 
cell , or ovum, from which the young plant 
originates, and which is strictly comparable to 
the egg of a fish, a frog, or an insect. But its 
development cannot begin unless it is fertilised — 
i.e., unless an infinitesimal amount of what may 
be called male protoplasm fuses w f ith it. It is 
the office of the pollen-grain to Bupply this. 
And here it may lie stated, once for all, that 
sexual reproduction in plants and animals alike 
essentially consists in the coalescence of tw f o 
minute masses of living matter, or protoplasm, 
one male and the other female. We do not at 
present precisely know why fertilisation should 
be necessary, or exactly how it makes it possible 
for the egg-oell to develop. 

The Birth of a Plant. [48]. A pollen- 
grain is a small mass of protoplasm con- 
taining two nuclei , and covered by two skins, of 
which the inner one is very delioate. It may be 
regarded as consisting of two cells — as indicated 
by the two nuclei— though in the higher seed- 
plants these are not separated from each other 
by a party-w'all. The first step towards the 
attainment of fertilisation is the transfer of 
pollen-grains to the stigma. This is pollination. 

Supposing this transfer to have been accom- 
plished, the pollen-grain germinates in the sticky 
fluid of the stigma, and sends out an excessively 
delioate pollen-tube, which growre down through 
the style into the ovary, where its tip passes 
through the micropyle. Meanwhile, one of the 
two nuclei of the pollen-pain has passed into the 
pollen-tube, where it divides into several frag- 
ments. One of these enters the ovum, with the 
nuoleus of whioh it fuses, and thus effects ferti- 
lisation. It has just been said that this process 
consists in the union of two minute masses of 
protoplasm, and we may add to this that the 
masses in question are of nuclear nature, — t.e. 
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they are made up of specialised protoplasm. 
The nucleu* of a cell i*. in fact, of an extra- 
ordinarily complex nature, but it wrould take us 
too far to enter into detail* regarding thi*. 

Supposing that the pollen-grain of our simple 
flower ha* been tran*ferred to the stigma of the 
same flower, it will be a ease of self-pollination , 
followed by self-fertilisatum. But if the pollen- 
grains on the stigma have come from another 
flower we have cross-fxdlination , followed by 
cross -fertilisation. 

How Insects Beautify the World. 

As a result of very numerous observations and 
experiments it has been clearly proved that 
healthier and more vigorous seeds are produced 
when cross-fertilisation takes place than when the 
egg-cells are *olf- fertilised. Wedo not quite know 
why, but Ruch is the case. Pollen from another 
flow r er on the same plant is better than pollen 
from the same flower, while if it has been pro- 
duced in a different plant of the same species 
the results are still more favourable. 

As cross-fertilisation is necessarily preceded 
by cross-pollination, we naturally expect to find 
many devices for securing this. Pollen may be 
transferred from one flower to another by various 
agencies. If we suppose our simple flower to be 
a conspicuous one, the transfer will most likely 
be effected by insects — t.e. it will be insect- 
pollinated. 

The colours and odours of our native flowering 
plants are simply to be regarded as means for 
attracting insects, though fortunately enough 
these have for the most part similar predilections 
in these matters to ourselves. Indeed we may 
say that our assthetic tastes, so far as sight and 
smell are concerned, have evolved to a large 
extent on lines determined by the insect world. 

Flowers, however, do more than merely attract 
insects by suitable colours and odours. They 
provide them with what may be called flower -food, 
upon which indeed some of their guests are entirely 
dependent. This partly consists of the pollen 
itself, which is produced in abundance, and 
partly of the sweet fluid known as nectar. The 
latter oozes out from little swellingB — nectaries — 
situated deep down in the flower, and varying 
a good deal in number, character, and exact 
position. 

The fertilised ovum divides again and again 
to produce a small mass of cells, which enlarges 
ana increases to form a minute plantlet, outside 
or within which is a store of food in the form of 
starch and albuminous matter, or possibly other 
nutritive substances which render growth possible 
till such time as the young plant is able to draw 
on the supplies of" the outside world. The 
delicate investments of the ovule become firm 
and tough seed-coats. 

The Fruit. While the seeds are ripening the 
ovary enlarges and becomes the fruit. This 
may be hard and dry, as in buttercup, poppy, 
ana sunflower, or fleshy and succulent, as in 
plum, orange, and grape. Other parts besides 
the ovary may undergo changes, and contribute 
to the formation of what is then termed a “ false 
fruit.” The red jfculp of a strawberry, for 
inst&noe, is formed by the enlargement of the 












stem-part of lb© flower, the receptacle. 
The Utile brown pijn* which Mud it* surface arc 
the real fruit —in thin rune dryland each formed 
from mi ovary. 

The diver*© characters of need* and fruit* are 
often in relation to the necessity for giving the 
young plant* a chance of finding Mime (suitable 
ispot m which to grow up, and for preventing 
them from competing too vigorously with their 
parent*. We have, in fact, all sort* of arrange- 
ment* by which the trail? ring or disftersal of 
seeds in facilitated. 

Gormlnmtton of tbo Seed [ 44). If a bean 
i* soaked in w»U*r and the tough coat* removed, 
we *»hall find the interior entirely occupied by 
the young pUntlet, which consist* of a very 
small root (radicle), a shoot (fdumule), and two 
relatively cnorinoun sml- leave* (rtftfledons), in 
which food is stored. My treating a cantor -oil 
seed (easily obtainable from the chemist) in the 
name way, we aha)) also be able to make out 
radicle, plumule, and cotyledon*, but these lost 
are cjuit© thin and do not act a* storehouse*. 
In tin* cane the plant let i* ©til Molded in a nut** of 
nutntmu* *u Instance, known a* the auiiHtixrm, 
or often a* the '* albumen, a not very happy 
name for it. The two need* named an* type* of 
rxitlhumiwni* and allmminnus *e«*dft, in a Inch the 
food of tin' young plant in Mortal up within it 
and outside it rrnprrlively. 

During the winter the mnal remain* in a 
dormant condition, hut alien Npriug arrive* it 
liegm* to grow i.e. germinates. The *t*ni coat* 
crack, the radicle elongate and pu*lie* it* way 
into the *oil, while the plumule al*o Ikh 4 oiiich 
larger aud longer. n*tng into the air and un- 
folding it* leave*. The food More is gradually 
exhausted ui these processes of gruw'th, Upcoming 
converted into soluble mifatamv*. which travel 
to the place* when 4 they an 4 required. By the 
time they an 4 all used up the needling plant i* 
able to take it* food from the air and *oil. 
MoiMurc. oxygen, and warmth an* required for 
germination* 

CLASSIFICATION OF SEED- 
PLANTS 

We have already *een that the need-plant 
phylum (spermafthytes) in divided into pod- 
plant* {nntfn*}Hrms) Mid naked -seeded plant* 
(gym»o*prrm*). and some detail* regarding the 
subdivision* of the former may now be given 
sufficient to serve a* on introduction to Hpecial 
work* on the subject. Pod -plants are divisible 
into two chums, a* follow : 

(Yjuki l. DiooTvutnoNK. The seedling i* 
provided with two cotyledon* or need -leave*, and 
the vascular bundle* of the *tem are arranged in 
a ring, each of them containing cambium^ which 
hi able to bring about incrcasr in thirkmw 
The vein* of leave* air arranged in net* like 
fashion. Whorl* of the perianth in 4’* or ft’*, 

<'LA8» II. MoNOooTYtJttMiN*. The needling 
i* provided with only one cotyledon, and the 
vaacular bundle* of the Mem air scattered and 
devoid of cambium. The chief vein* of the 
leave* are generally more or lea* parallel. 
Whorls of tbs perianth in 3s. 
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100,000 Qpsdss. As over 200 orders am 

recognised (of which about 90 am British), 
embracing something like 100,000 species, it 
in obvious that we must limit ourselves to the 
consideration of fart* of leading importance. 

The characters used in classification are of 
the most various kind, and though in most cases 
there is no doubt some practical meaning 
to he attached to them, our knowledge as to 
that meaning is often incomplete. 

We find that foliage -leaves vary greatly in 
arrangement and shape ; while stipules may be 
present or absent. As to the first point, which 
largely ha* reference to advantageou* disposition 
with reference to light, we may find either only 
one leaf per node, the successive leaves being 
arranged in a spiral, or there may be two leaves 
at each node. In these two case* the leaves are 
said to he respectively alternate and opposite. 
The shape, os we have elsewhere seen, is often 
also related to the supply of light. In simple 
leaves the Mode is one piece, in compound ones 
it i* cut up into a varying number of distinct 
leaflet*. Leaves devoid at stipules are said to 

Is* i r stipulate. 

The Structure of a Flower. Great 
important** attache* to the arrangement and 
structure of the ]>artn of the flower, in 
which we can often detect some connection 
with the way in which pollination is effected. 
In our pattern flower the parts of each whorl of 
tin* } tenant h wen 4 all alike, and disposed in a 
Htarlikc manner. Such a tlower is regular. Hut 
in flowers which an* pollinated by the higher 
insect*, such os bees and butterflies, we find 
that these part* are more or less unequal, and 
disposed in a two-sided fashion. These are 
termed irregular — t.g. pea, pansy, and larkspur. 

In simpler canes tie* receptacle is mon* or less 
conical, so that the sepals, petals, and stamens 
clearly spring from beneath the pistil. The 
flower is then hypogynous, a* in our pattern 
case. Hut the receptacle may be modified into 
a sort of cup, from the edge of which sepals, 
petals, and stamens arise, while the pistil 
occupies the interior of the cup. as in the rose. 
Such flowers are perigymms. And if this cup 
fuses with the pistil, so that the sepals, etc., 
appear to grow from the top of the ovary, as in 
the snowdrop, the (lower is tpigynous, and is still 
further specialised. In the two first cases the 
ovary i* only attached to the receptacle by its 
base, and is said to be superior, while in the last 
case the attachment is more extensive, and it is 
termed inferior [45]. 

Th* Farts of s Flower. There are 
many variation* as to the number of flower 
leaves. The most primitive case is where 
they are relatively numerous, and arranged in 
a spiral. This is beautifully seen in the sepals, 
petals, and stamens of the white water-lily 
{Symptom alba), which pass gradually into one 
another ; also in the stamens and carpels of 
buttercups ( fana a enf a * ). 

In most flowers, however, the parts are in 
s u cces s ive whorls, as in our pattern case, but 
there are many variations as to number. The 
inner whorl of Os—rwi is often suppressed 
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Altogether, And in entiwne ewe#— t.q. meet 
orchid* — only one stamen may he present. 
Such reduction* hove reference to increasing 
certainty of pollination, *o that then* i* no need 
for a large quantity of pollen to lie produced. 
The carpels, too, for similar reason*, are often 
reduced in number, and many flower*— t.g. pea 
and gome. pom**** but one. 

The perianth i* liadly developed, reduc’d, and 
inconspicuous, or even absent. whew pollination 
Is not effected by insect* (or bird*). *o that then* 
i* no need for con*pieuou*no*s. In such cane*, 
there i* usually an alwence of eobiur (other than 
green), odour, and nectar. 

In simpler rase* the flower-leaves of a par- 
tieuiar ktnd are not united together, a re 
free. With increasing *|»er*Hli*ation we find 
sepal*, petal*, stamen*. and more part icularly 
carpels, Are re*|»eet jvely united. Flower-leave* 
of different kind may al*o adhere together — 
r.jj stamen* with pet hIm, an in prunroae 
(Primula vulgaris). 

Then? in further a gre at deal of variation 
a* regard* the mini tier of ovule*, and the wav 
in which these »n* arranged in the ovary. Stuis 
may Is* either cxalhurnifiou* or alhuminou*, a* 
already mentioned 

Wo are now in a po*ition to briefly Hum- 
marine the eharaeter* of the more important 
subdivision* of Dicotyledon* and Monocotyle- 
don*. The flower* are hypogynou* and the 
ovary KU|Nuior union* other wine mated. 

Nkkd-Phvth ~ Clash I [Dicotyledon*.] 
Thi* ela** i« divided into three »ub-ela«*e*, 
the flower* belonging to the first two of which 
are commonly conspicuous, which mean* that 
they art' poll mated by insects. or it may U‘ 
in the warmer part* of th«' globe by bird* 

Sob-Clash 1. Pofjtprtnhr. Both calyx and 
corolla preaent. Petal* free. 

a Buttercup and Water-Lily Group 

(Banata »). Stamen* generally numcroua. Car- 
pel* uaualty free. Seen!* albumtnou*. 

1, Crowfoot ORDER (lianuneulacetr) (46]. 
leaves generally alternate and exHtipulate. 
The buttercup* ami their allic* possess regular 
flower*, with uumerou* stamen* and carjx'1*, 
while in form* aueh a* larkspur {Delphinium), 
and monkshood (drosi/Mwi). then' an* ahowy 
irn*gular flower* K|tccuiltHcd in n*lation to the 
vi*it* of higher insect*. and fewer carpel*. 

6. WaTKR-ULY ORDER (,V t/mpheraeetr) (47). 
Marah or auuatic herl*. aueh a* white water- 
lily (.VympAiru allm), and yellow water-lily 
(Snphar lulrus), w ith conspicuous flow era, the 
spiral arrangement of which ha* already U*en 
mentioned. Not a Ur *pecic* nre the Egyptian 
lotua (\gmfJitra lotus), and I ictoria regia, a 
South American form, with leave* G ft. and 
flower* 16 in*, in diameter. 

Barberry [Berberis) and magnolia belong to 
othm order* of thi* group. 

b foppy, Wallflower, and Violet 
Group (PmriHmUsy The chief peculiarity 
of this group eonaiat* in the fact that the two 
or more carpel* preaent are united together 


by their edge*, so that the ovules are attached 
to the outer wall of the ovary. 

3. Pofpt Order (Papaveracea) [4BJ. Herbs 
yielding a sticky juice {latex), which is either 
milky in appearance or else coloured. Leave* 
alternate and exstipulate. Sepals, two ; 
petal*, four. Stamen* numerous The flowers 
are very conspicuous, and the numerous seeds 
are albuminous. Poppies art? the best -known 
type'*, and the latex of one species ( Papaver 
somniferttm) is the source of opium. The 
greater celandine (Chelidonium majus ), A 
common hedgerow- plant, has yellow- flowers, 
und yield* an orange -yellow- juice. 

4. Wallflower Ori>er (Crucifer*) f49]. 
In thi* large and important order the leaves 
are alternate and exstipulate. There are four 
sepal* in two whorls, four petals arranged in the 
form of a cross. *ix stamens (four long and two 
short), and two carpels. The ovary is divided 
into two cavities by a partition grow-ing out 
from the edges of the fum'd carpels. Seeds 
exalhuminoii*. (Jo ad examples of the order are 
wallflower {< heiranthus cheiri) and stocks 

( Malt hit da) ,* also many common wild forms, 
such as shepherd's purse (Capstlla bursa - 
IHidnri*), lady's smock or cuckoo-flower (Car- 
datninr pratensis). and charlock (Brassica 
si na pi strum ). a noxious weed of which the 
yellow- flowers are seen in cultivated fields. 
Slany species an* used as food — e.g., w-atcrcreHs 
( Xasturtiuin officinale), and garden cress (Lepi- 
dium sativum ), which together with white 
mustard (Brassica alba), constitutes the familiar 
“ small salad ” or “ mustard and cress." Culti- 
vated radishes arc derived from one wild species 
(Raphanus raphani strum), turnips, sw-edes. and 
raj*' from another ( Brassica camptstris) ; while 
ordinary and red cabbage, cauliflower. Brussels 
sprouts, aud savoys, have all l wen produced by 
cultivating the wild cabbage (Brassica oleracta) 

5. Violet Order (riofarrrr) [60]. Leaves 
alternate, with stipules. The flowers are 
irregular and more or less conspicuous. The 
flower leaves are in fives, except the carpels, of 
which there art' three. Violets and pansies 
(Viola) an* the best-known plants in the order. 

Certain pitcher- plant* ( Sarrarenia ), yellow 
corvdal (Corydalis lutea), the caper-plant 
(Capf*aris), of which the flower buds an* used for 
caper *AUce. rock-rose (Helianthtmum), mignon- 
ette (Beseda), and the insect -eating sundew s 
( Itrosera ), Mong to other orders of the group. 

C* Mallow Group (Mahalcs). The flower* 
are regular, and the parts of the perianth are 
in fivt's. Stamens variable in number. often 
united by their filament*. Carpel* three or 
more, with the ovary in compartment*. 

(L Mallow Order ( Malvaceae) [61]. Leaves 
alternate, with stipule*. The filaments of the 
numerous stamens are united into a tube, and 
the carpels are also numerous. Seeds nearly or 
quite ex albuminous. Well-known examples 
are marsh -mallow and hollyhock (Althsra) 
mallows {Malvay, the tree-mallow {La rat era) 
which grows by the sea, and also the cotton- 
plant (<ra*syjN««N). 

7. L im e Order (Ttiiacete). Mostly trees or 



shrubs with alternate stipulate leave*. The 
corolla is often reduced sad inconspicuous* 
Seeds albuminous. 

The lime or linden (Tilia) is visited by 
numerous bees, for though its flowers are not 
very conspicuous, they are exceedingly fragrant, 
and produce Urge quantities of nectar. 

The Cocoa-tree (7'heobroma Cacao) belongs 
to another order of the group, and so does the 
tea- plant (Thea sinensis). 

d. DiaK-flower Group (Disci/lortr). The 
chief distinctive feature of this large assemblage 
of plants is found in the fact that the single 
whorl of carpels is borne on a swelling of Jhe 
receptacle, technically known as a “ disk." It 
is in reality a nectary. 

8. Flax Order (Linacecr). — Leaves exstipu- 
late. The flowers are regular, with four to five 
sepals, the same number of petals ant! stamens 
(there may be ten of the latter), and three to 
live carpels united together. 

The order in mentioned here because it includes 
common flax ( Linum the bast- 

fibres of which are used in linen manufacture. 

9. (tERANH'M Order (Geraniacerr). The 
parts of the flower are mostly in 5’s. and the 
carpels are united. The upper part of the pistil 
is generally Iwak-shaped. Seeds nearly or quite 
:\\albuminou*. The crane’s bills (Geranium) liear 
regular flowers, while those of the much-culti- 
vated pelargoniums are more or less irregular, as 
an* the stork’s-bills (Krodium). Indian cress or 
“ nasturtium " (Troprrolttm) [88], and balsam 
(Imjtatien*). The delicate white flowers of w«»od- 
sorrel (Oral is acetosrlla) are regular. 

Hue (Ruta), oranges and lemons (Citrus), holly 
( IU jt ), spindlc-trcc (Kuonymus), vine ( I'iVm). 
Virginia creej>er ( Ampflopsis), maple and syca- 
more (Acer), and horse-chestnut (Hipjxtmslanum), 
lielong to other orders of the group. 

e. Cup- flower Group (Craterantheir). 
The receptacle is either flat or to some extent 
cup-sha|ied t so that the flower is more or less 
perigynoue. Sejwd* and petals in 4’s or .Vs. 

10. Pea Order (Leguminnsap). Our native 
specie* of this lai*ge and important order posses* 
alternate stipulate leaves, and irregular butterfly- 
shaped flowers [ Wistaria, 861- Thereare fi ve im i ted 
sepals and five petals, free except that the limb* 
of the lowest two are partly united. Stamens 
ten, with all their filaments united into a tube, 
or the uppermost one free. There is but a single 
carpel, which ripens into a pod that liberates its 
seeds by splitting down one side. The seeds are 
exalburainous. The order is notable in many 
ways. Some of the included specie* do much to 
give colour to our landscapes, especially gorse 
(Ulex europms), broom (Cytisus scoparius ), and 
the clovers (Tri folium). Others are valuable 
fodder plants, a* Hovers, vetches, and horse- 
bean ( Vida), while many— e.g. pea {Pisum 
sativum), scarlet runner (Pkaseolus multi floras), 
broad bean ( Vida faba), and lentil (Lens esculemta) 
are important articles of food. 

Exotic me m be rs of the order differing in 
many respect s from the types already mentioned 
are the liquorice plant (Otyqprrkua), indigo 
(I n digo f sra), and numerous species of acacia [31]. 
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11. HoexOmDRB(/?o«sce<e)[8iai»dS8]. Leave# 
with stipules, and usually alternate. The regular, 
often conspicuous flowers possess five sepals, live 
petals, numerous stamens (as a rule), and a 
variable number of oarpels, which may be free 
or united. Seeds exalbuminous, or nearly so. 

This order is also large and very important. 
Among beautiful species roses (Rasa) and haw- 
thorn (('ratergus) are conspicuous, while the 
following yield edible fruits : plum, apricot, and 
cherry ( Pntnus), strawberry (Fragaria), pear and 
apple ( Pyrus), quince (Cydemia), medlar ( Mes • 
pitus), and peach ( Amygdalus ). 

Saxifrages ( Sarifraya ), gooseberry and currant 
(Rifles), and stone-crop (Setlum) belong to other 
orders of t he group. 

f. Myrtle Group (Myrtales). As in the last 
group there is a cup-sha;**! receptacle, but this 
is in all cast's fused to the ovary, which is there- 
fore inferior. 

Among familiar plants Monging to orders of 
the group an* willow- herbs (KpitMum), evening 
primrose ((Knot hi rn), and fuchsia, with the parts 
of the flower in 4‘s, while in the last the sepal* 
an' brightly coloured. Other examples are 
myrtle ( Myrtus ) ami the n*lated eucalyptus, 
which is an important Australian fomst tn*c. and 
may be nearly .MIO feet high, l'oniegranate 
(Punica), Brazil nut ( Rerthollrtia ), and dove 
(Kngenia), of which the flower- buds are used as 
spice, also Ijehmg to this group. 

g. Cucumber Group (/V/*mr*). Regular 
flowers, some of which |m»hnom* stamens and 
others carjsds. Such male and female flowers 
mnv occur on the same or on different plant*. 

(’iicumbers, melon*, gourds, and allied plants 
constitute one order (( * ucurhiiacta ) of the group, 
while the common garden plant begonia Isdong* 
to another (Regmiaretr). 

h. Cactus Group (CartnU*). Here the 
leaves are reduecd to scale* or prickles, and their 
work is taken over by the thick green stems, 
which assume the most extraordinary forms. The 
very numerous flower leaves an* spirally arranged. 

1. Parsnip and Carrot Group (Vm- 
h e Ha Us). The small flowers are epigynous ami 
there is a fleshy nectary on the top of the 
inferior ovary. S«*eds albuminous. 

12. P * RKNir a M> ( ’arrot f )riier ( ('udfelUftror) 
[88]. The small flowers are arranged in umbels 
— i.e. a number of flower-stalks radiate from the 
same point, and in this w^ay conspicuousnen* 
is brought about, Ao that many insect* arc 
attracted. 

A number of useful spcwics Is* long to the 
order, »ueh as caraway (('arum rarui ), carrot 
(Danes* caruta ), parsnip (Pastinam saliva), 
parsley ( Prtrewlinum mtirum ), coriander (Corian- 
drum sativum), and celery (Apiutn yrareulens). 
Some specie* are very poisonous. especially the 
hemlock ( Conium maculatum). 

Ivy ( fiedera helir) and cornel or dogwood (Cor- 
nus sanguinea) Is* long to other ordersof the group, 

8 m -(‘lass 2. (J fonopefaUr). The flowers 
possess both calyx and corolla. Petals united. 

IL Mad4#r mod Honeysuckle Group 
(CaprifoliaUs). Foliage -leaves opposite, with 
stipules. Ovary inferior , Seeds albuminous. 
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Among plants belonging to thin group arc the 
following : Madder (Hubta tinrtorum) once im- 
portant as the source of a rt'd dye-stuff. goose - 

5 or cleavers ( Galium aparine), a common 
tow plant, the coffee plant (Caffe* arabica), 
nn&, from the lmrk of which quinine is 
obtained, and honeysuckle ( fa mi err a), with con- 
spicuous irregular fragrant flower*. 

I. St«r-flow«r Group (Asterales). Leaves 
cxstipulate. The Mowers are small, but being 
aggregated together in large numbers, are con- 
spicuous. They are epigynous, and the inferior 
ovary contains but one ovule. 

13. Danmujon Order {( 4 ttmj*mt<r). (§♦]. 
What looks at first sight like a single Mower in a 
mem 1 st of this order -e.y., dandelion, really 
consists of a number of very small flowers [fl<irrl*) 
crowded together into w hat is tin hnically known 
as a ** head," round which is a protective covering 
of bracts, liaUc to Is* mistaken for a calyx. 
The parts of the flower art' in .Vs, except the 
carfs'ls, of which two are present, them' (icing 
united. The stamens are attached to the corolla, 
and their anthers arc united into a t uls' which 
surrounds the style. The calyx is greatly 
reduced, and often converted into a crown of 
hairs. Seeds exalhununotts. Among the most 
conspicuous of the very numerous plants Udong- 
ing to this large and dominant order are sun* 
Howcr (Hrlinntkus annuu a), aster, dahlia, cine- 
raria, and chrysanthemum. Other well known 
forms are dandelion (Tarartmnn officinalr ). daisy 
( Jfriti * ftrnnhttt), o x-eye daisy (f 'hryxanlhrmum 
leucanthrmuin). thistles, groundsel (Srntru* ml 
yaris), and colt Vfoot ( Tunoluytt farfnra). Valerian 
( Ynirnana ), teasel ( Dipfuunx), and seahious 
{SrabitMHt) Is'lotig to other orders of the group. 

m. Heath Group ( k'ricales). Flowers inon* 
or less conspicuous ('arpel* three to ten, united. 
Ovary sujH'nor. Sis'ds albuminous. 

14. Hratii Order (Kriearen). Kxergrcens 
w'ith cxstipulate leaves. Flowers nearly or 
quite regular, Ovules numerous. This order 
greatly contribute to the beauty of our moorland 
huids4*a|M's, for it includes heather {( nlluna ml 
yan«). and the various kinds of heath or Udl - 
heather (AViVa). Azaleas (31] and rhododendrons 
a ri' near relatives of these 

n. Prlmrooo Group ( /Vim w/o/rs). Mowers 
regular, with five stamens opjnsute the |>ctal*. 
to which they ait' attached. ( Wpel* five, united. 
The superior ovary contains hut a single cavity, 
and the ovules are attached to a projection on 
the Hour of this. Stw*d* albuminous. 

!&. Prjjulack* 136]. leaves cxstipulate. 
Flowers commonly conspicuous, with parts in 
5'a, Primrose (/Vimsfu mlgari*), cowslip (P. 
eernh and sow bread (Cyclamen) an? the most 
familiar members of the order. 

Sea-thrift (drama) belongs to a related 
order. 

O' Tubo • flown Group (Tubiflartr). 
Sepals and petals 4-5, stamens 2-5, pistU of 2-5 
united carpels. The superior ovary contains 
two or more compartments. 

16. Potato Order (Sokmacar) [36]* Flowers 
regular, with parts usually in 5's, except the 
carpels, of which there ore two. Numerous 
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small oUuminous seeds. The potato plant 
(S< Annum t*!*rosum) and tobacco plant (Sico- 
iiana) an? of obvious importance, and valuable 
drugs an? obtained from the virulently poisonous 
henbane (Hyostyamus niyer), deadly nightshade 
(Alrojta belladonna ), and thorn-apple (Datura 
stramonium ). Petunias also belong here. 

17. Koxuuivx Order ( Scrophulariacctr ) [37]. 
Mowers generally irregular and stamens four, 
though these are sometimes two or five. There 
are two compartments in the ovary. Seeds as 
in last order. The mulleins ( Verbascum) possess 
nearly regular flowers (with five stamens), 
generally of yellow colour, and arranged in tall 
handsome spike's. The conspicuous flowers of 
foxglove (IHyitalis purpurea) are arranged along 
one side of the main axis : the plant in exceed- 
ingly poisonous. The little blue speedwells 
( Veronica) jmisscss but four petals and two 
stamens. Toadflax (Linaria vulgaris) and snap- 
dragon ( Antirrhinum ) have irregular Mowers of 
remarkalile sha|»c, which have to lie forced open 
by visiting lice*. 

*18. Dead- nettle Order (Labiate). Leaves 
cxstipulate and usually opposite. Stems four- 
sided. Mowers markedly irregular, with five 
sepals, five petals, four stamens (usually), and 
two united carjiels. Tlie ovary is deeply divided 
into four lobes, each of which contains an ovule. 
Se<»ds exalbuminous. The w'hite and purple 
dead-nettles ( Lamium alltum and purpureum ), 
and ground -i\y (Sr/uia glechoma) are common 
tyjies. Many memls'rs of the order are aromatic, 
and yield essential oils. Among these may lie 
ment tout'd mint (Mentha), sage (Salvia) [38], 
thyme (Tht/mus), marjoram (Origanum), and 
basil (Octmum). 

Gentians (Gentinna), periw'inkle (Apocynum), 
convolvulus, forget-me-not (Myosntis), wild plan- 
tain (Plantago), verbena, gloxinia [37], ash 
(Fra,rinus), and jessamine (Jasminum), belong 
to other orders of this extensive group. 

Sru-t'UAK.s 3. Incomplete. —This is a large 
and somewhat heterogeneous assemblage of 
plants in which the tiower*, as a rule, either 
|K?saciis no perianth at all, or one consisting of a 
single whon of Mower -leaves. 

p. Central - tesdsd Group ( Centro - 
spermcr). Regular flowers, with superior ovary 
containing but one compartment, in the centre 
of which is a projection to which the ovules ore 
attached. 

19. Fink ORDER(raryopAyfW*<r)[86]. leaves 
opposite. Contra ry to the general rule for the 
sub-class, the flowers p o s sess both calyx and 
corolla. Numerous small albuminous seeds. 
Common examples are pinks and carnations 
(Dianthus), campions (Lychnis), and chick weed 
(Stellaria media). 

Pepper ( Piper ), docks (/footer), beet (Beta), and 
nettle (Urtica), belong to other orders of the 
group. 

q. Grssndlo wersd Group (ViruUftone), 
Small g ree n regular flowers, with one or two 
carpels. The superior ovary contains a single 
ovule. The following belong to various orders 
of the group : Fig (Finns m rim), india-rubber 
plant (F. oisstfw os), hop (FsmiJu Uputmsy 



hemp ( Cannabis sativn), breed- fruit (ArUxarpns). 
mulberry ( Morns), and elm (Ulmus). 

r. Catkin ■ hmrl&s Group Mmmlota) 
[60] Shrubs or trees with flowers in catkins or 
heads. The stamens and carpels are in separate 
flowers, the male and female dowers being on the 
same or different plants. The perianth is usually 
wanting, for in most cases there arc no insect 
visitors. The following are common examples 
of the group: Poplar ( Populus ), willow (Satis), 
oak (Quercus)* beech (Fagus), hazel (Citrylu*), 
hornbeam (Carpinus), birch (Betula), aider 
(Alnus), walnut (Jugians), and chestnut (Cos- 
Uinta). 

Seed-Plants. Class 2. [Monocotyledon**.] 

a. Lily Group (LUiiflara). The flowers are 
regular, with parts in three's, and the carpels 
are united. In most cases both sepals and 
petals are either white or brightly-coloured. 
Seeds, albuminous. There is generally a 
thickened underground stem. 

20. Lily Order (LUiaeeo’). Stamens six in 
number and ovary superior. The order includes 
many ornamental plants such as lily (Lilium) 
{35], tulip (Tulipa), squill (SeiUa), hyacinth 
( Hyacinthus ). lily of the valley (Cunmllaria). and 
" red-hot poker M ( Kniphofia ). Also asparagus, 
and the useful but malodorous onion, garlic, 
leek, and shallot (species of Allium). New 
Zealand flax (Pfurrmium tenas) is of considerable 
economic importance. Nearly all mem lx* r* of 
the order are herbs, but to this there arc excep- 
tions, e.g ., yucca, and the dragon-tree ( Urarama ) 
of the Canary Islands, which grows to an 
enormous size, and is very long-lived. 

21. Rrsi! Order (J unear nr). Plant* with 
narrow' leaves and small brown inconspicuous 
flowers resembling those* of the last order in 
structure. Rushes (June us) and wood-rushes 
(Luzuta) are included here. 

22. Snow'DROP Order (Amaryllidacetr) [81]. 
As Order 20, but with an inferior ovary. Snow- 
drop (Oalanihus nivalin) and daffodil (Narcissus). 
are examples. 

23. Irir Order (Iridaeerr). As last order, 
but only three stamens. Iris, crocus, gladiolus, 
and saffron (Colchicum) are good examples. 

The pineapple (Ananassa satim) belongs to 
another order of the group. 

t. Banana Group (Scitam inert). Tropical 
plants with large leaves Aid irregular flowers, of 
which the inferior ovary is generally divided 
into three compartments. The following plants 
belong to orders of this group. Banana (Musa 
sapientum), plantain (Jr. paradisiaca), ginger 
(Zingiber), Indian-shot (Canna), and arrowroot 
[Maranta). 

v. Orchid Group (Qynandra). Flowers 
irregular and of remarkable form. The stamens 
are reduced in number and united with the 
pistil. 

24. Orchid Order (Orckidacea) [38]. This is 
the second largest order of seed-plants, only 
being ex celled in size by the Composite, and 
including over 8,000 species. There is usually 
but one stamen. We have a few British orchids. 
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but the headquarters of the order are in the 
tropic*. 

v. Aquatic Group (Fluviolrs). Aquatic 
forms, in which the stamens and carpel* are 
commonly more numerous than in other Mono- 
cotyledons. The ovary is usually superior. 
The following are example* of order* of the 
group. Water- thyme (Klodea), water-soldier 
(Strativtfi r), frog- bit (// ydrocharis), flowering- rush 
(Butomus), water-plantain (Ali*ma), arrowhead 
(SagiUaria), pond-weed (P<4amryeton), and sea- 
gras* (Zostera). 

w. Palm and Arum Group (Spadici/luros). 
The stamens and carpels an* generally in separate 
flower*, which are small and crowded together 
on fleshy axes, and protected by a sheath 
(sjtaiKe) that covers them. Ovary superior. 

2f>. Palm Order (Palmarett) (62]. targe 
woody plants, nearly all of which are tropical. 
"The large leaves commonly form a tuft on the 
top of a long cylindrical stem. The flower* are 
inoon*pieuou*. Stamen* six ; car|M*ls, three, 
united. H<*ed* albuminous, and not more than 
three in number. Two familiar and useful 
specie* an* the coco-nut palm (ftaos nuri/rra), 
which attains a height of about HO ft., and the 
date-|»alm (Phrrnis daciyli/rra). Palm-oil, *ago, 
vegetable ivory, and rattan cane* are obtained 
from other memlierx of the order. 

2fl. Arum Order (Aroideir) [63]. Mostly 
trojwral plants, of which the minute flower* 
are Itomc on a fleshy, brightly -coloured axis 
(upadir), the spathc Nurrounding which i* often 
showy. Perhaps the best -known example of 
the order in thi* country i* the so-rallcd arum- 
lily ( Richurdin (Hhitrpiea ), in which the sjiathc 
is white and the spadix orange yellow. Our one 
native *|xx:io*, cuckoo -pint or ** lord* and 
ladies ’* (.4 rum maeulaium) ha* arrow-*haped 
leave* blotched with block, a green *| withe, and 
a dark red *padix. 

x. Grass and Sedge Group (fllumiflanr). 
Incon*picuous flower* in which the jierjnnth is 
absent or reduced. (Jroup* of them are enclosed 
in and protected by scalv bract*. 

27. Orahh Order (Uraminea) [84], Herb* 
with hollow jointed *tem* (haulms), and alter- 
nate narrow leave*, the bases of which are in the 
form of sheaths grasping the ntem and split 
down one side. There i* a little membranous 
outgrowth (ligule) at the junction of blade and 
sheath. Stamens usually three ami carjx*l* two, 
united. The superior ovary contain* a single 
ovule. The seeas are albuminous. All grasses 
are included here, as well as our cereal crops, 
e.g. wheat ( Trilicum vulgar e), barley (Httrdeum 
sativum), and oats (Avena saliva ). The bamboo 
(Bambusa) and sugar-cane (Saccharum) are also 
members of the older. 

28. Hedge Order (Cyprracpit) [66]. These 
differ from grasses in the p o sses s ion of solid 
stems, while the leaf has no ligule and its sheath 
is not split. The members of the order abound 
in marshy places, and are common on the edges 
of streams, ponds, and lakes. The papyrus of 
the ancient Egyptians was prepared from the 
pith of one species (Papyrus anttguorum). 
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MATERIALS OF CONSTRUCTION 

Copper, Tin, Load, Zinc, Aluminium, Bronzes, Brasses, and other 
Alloys of the above. Solders. The lesser used Metals. Metalloids 


By Professor HENRY ADAMS 


Coppor. The use of oopper (Cuprum; 
symbol Ou ; atomic weight 63} dates from very 
early times, probably because it frequently 
occurs in a native metallic state, either in de- 
tached masses, as on the southern shores of 
Lake Superior, or in veins disseminated through 
granite, etc., as in Cornwall and Wales. It is 
too tough to be blasted, and has therefore to l»e 
cut into portable blocks by the laborious use of 
chisels. 

There are several ores of copper, as the red 
and black oxides, the green carbonates, and, most 
abundant of all. the yellow ore known as oopper 
pyrites, consisting of copper, iron, and sulphur. 
Grey copper ore is also abundant and contains 
the same elements together with antimony and 
arsenic. The smelting of copper ore consists of 
several processes : (1) Roasting, to expel the 
arsenic and part of the sulphur and to convert 
the iron into oxide of iron. (2) Melting, to 
remove the oxide of iron in combination with 
silica, leaving a coarse metal consisting chiefly 
of sulphide of copper. (3) Calcining the coarse 
metal to remove more of the iron and sulphur. 
(4) Fusing of the calcined coarse metal to remove 
the remainder of the iron and produce fine 
metal. (3) Calcining or roasting the fine metal 
to remove the sulphur and obtain blistered 
copper. (6) Refining and toughening to purify 
the copper. In the latter process about six or 
eight tons of blistered copper are loosely piled 
upon the hearth of a melting furnace [88 and 89 ], 
so that the air may circulate freely through it. 

Toughening, The oxygen of the air com- 
bines with the remaining sulphur and arsenic to 
form sulphurous and arsenious acid gases, and 
with the iron and other metallic impurities to 
form oxides. In about six hours the metal is 
melted and the slag formed upon the surfaoe 
is raked off. The cooper is then ready for 
toughening. To effect this the surface is covered 
with wood -charcoal, or with pounded anthracite, 
to protect it from further oxidation, and the 
molten metal is then stirred with a pole of green 
wood (usually birch). The end is kept under 
the surface and carbonic acid gas is disengaged 
until all the oxygen is driven off. Experience 
tells the men when the copper has attained its 
foagk pitch* If the poling is carried on too long, 
the cojpper is called overpoled , and is then brittle 
and of an orange oolour. of no use for working 
as oopper, but good for brazing spelter. When 
the copper is intended to be rolled into sheets, 
a smalt quantity of lead is added, and stirring 
renewed to convert the lead into an oxide 
which rises to the surfaoe and brings with it 
the oxides of any foreign metals, and is then 
skimmed off. 


Characteristics of Copper, Copper is 
well known by its distinctive reddish colour ; 
it is very soft and malleable, is also ductile, and 
is capable of a high polish. The malleability is 
increased by heating up to a certain temperature, 
but when boated to nearly melting point, it 
becomes very brittle. Advantage is taken of 
this property in foundries, where copper requires 
to be broken up to get the right proportions of 
oopper and tin, or other metal, for casting. 
When hammered and rolled, copper becomes 
rigid, stiff, and hard. To cure this it is heated 
In a largo chamber with flame passing through 
it, but as air is present, scale is formed. To get 
this off it is brushed over with common urine, 
heated again and dipped in water, when it all 
comes off clean. When sheet copper is exposed 
to the atmosphere on roofs, a green protecting 
film of carbonate of copper is formed, and no 
furt her act ion takes place. The thickness known 
as 24 B.W.G., weighing one pound per square 
foot, is generally used and its only disadvantage 
is its first c ost. Being a good conductor of heat, 
it is used in thicker plates for locomotive fire- 
boxes, but it loses tenacity in proportion to the 
rise of temperature. In the form of w r ire it is 
used for bell pulls and electrical conductors, and 
in the form of tapis averaging one inch wide and 
one-eighth of an inch thick, for lightning con- 
ductors. It is most largely used, however, 
alloyed with other metals, a great variety of 
properties being thereby developed that will be 
described presently. 

Tin. Tin ( Stannum ; symbol Sn; atomic 
weight 118) is extracted from an ore called tin- 
stone, consisting of oxide of tin, and found in 
Cornwall from the most remote times to the 
present day. It occurs as mine tin ore in veins 
traversing rocks of quartz, granite, or day-slate, 
with other metallic impurities, and as etream tin 
ore mixed with mineral matter deposited by 
torrents in the valleys adjacent to the veins of 
mine tin ore. The marketable tin is prepared 
from the raw ore by the following operations : 
(1 ) Mechanical preparation of the ore. (2) Cal- 
cining or roasting. (3) Washing the roasted ore. 
( 4 ) Smelting. (5) Refining. 

The ore when raised from the mine is roughly 
freed from earthy matter by washing upon a 
grating, then broken and picked over to remove 
copper and iron pyrites, and crushed in a 
stamping mill f 401. It then goes through further 
washings on a huddle and other apparatus, where 
advantage is taken of the high specific gravity 
of tinstone to separate it from the impurities 
with which it is associated. The ore is next 
calcined in a reverberatory furnace with very 
long horizontal flues in which the oxidised arsenic 
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it deposited at white arsenic. Pari of the sulphur 
paused off at sulphurous acid gas and part com- 
bines with the copper and oxygen to form sul- 
phate of copper, The roasted tin ore is then 
stirred in water to dissolve the copper sulphate, 
and washed on a rack to remove the oxide of 
iron, leaving blade tin , which is smelted in a 
reverberatory furnace with a little lime to form 
a flux. The flux or slag is raked off the top and 
the molten tin runs into a pan and afterwards 
into east-iron ingot moulds. The ingots of tin 
so obtained still contain a large proportion of 
impurities and are refined by operations known 
as liquation and boiling. The former consists of 
melting out the tin from a number of ingots and 
collecting the purer metal into a refining badn. 
The boiling consists of plunging stakes or logs 
of wet wood into the molten metal, which is 


kept hot by a separate fire, the steam given off 
causing the appearance of boiling and carrying 
the impurities to the surface in a froth which is 
skimmed off. It will bo noticed that in every 
operation some of the material remains in a state 
of considerable impurity, and this being collected, 
is again passed through the process, so that in 
time it all comes to a final marketable state. 

Tin Plate. Tin is so little affected by ex- 
posure to the air or the action of weak acids 
that it is used as a coating to protect other 
metals. Tin -plate and block tin are thin sheet- 
iron plates pickled, annealed, scoured to remove 
all oxide, and immersed in a cast iron pot con- 
taining melted tin covered with three or four 
inches of tallow ; they remain in long enough 
for the tin to form an alloy with the surfaces of 
the iron, so that firm adhesion is secured. They 
are then immersed in molten tin of high purity, 
brushed and plunged into melted tallow, when 
the surplus tin runs to the lower edge and is 
afterwards removed. The plates, after being 
cleaned with bran, are packed in boxes containing 
from 100 to 225 sheets. Block tin has not only 
a thicker coating, but the entire surface is gone 
over with a polished hammer upon a polished 
anvil to improve the union between the two 
metals and stiffen the plate. Copper culinary 
utensils are very readily coated with tin and are 
then safe for domestic use ; when unooated, a 
portion of the copper is liable to be converted 
into acetate of copper or verdigris, which is 
dissolved, and the food prepared in such vessels 
becomes poisonous. Tin has the curious property 
of creaking when a small bar of it is bent, called 
the M cry of tin,*' but it is not used in a natural 
state exeept as a lining to lead pipes. It enters 
ianply into alloys. 

Lead, Minerals frequently contain lead 
[Plumbum; symbol Pb; atomic weight 206), but 
practically only one of them is used for the 
production of this metal — viz , Galena or sul- 
phuret of lead (PbSl, which has a crystalline 
form and striking lead-like lustre. It occurs in 
veins travelling the day slate in Cornwall, the 
limestone in Derbyshire and Cumberland, and 
the granite in Spain, and is also found elsewhere. 
It usually contains a small portion of silver, 
which pays for extraction when it reaches two 
p^rte per 1000. The ore is broken or crushed. 


wished, and sorted before passing into a lever* 
beratory furnace [41 and 42]. It there goes 
through four stages known as the first, second, 
third, and fourth fires. The fresh ore is put into 
the furnace while still hot from the previous 
charge, and a little coal is thrown into the furnace 
from time to time to keep up a moderate heat to 
roast the ore, from which some metallic lead 
runs through the tap-hole. At the end of two 
hours the furnace damper is raised, more coal is 
added to increase the temperature, some lime is 
thrown on the oxide and sulphate of lead upon 
the hearth, and the melted lead runs out freely. 
After about an hour the temperature is still 
further raised for another hour, the slags being 
spread over the hearth and more lime added. 
In the final stage the furnace is raised to its 
highest temperature, the metal run out on one 
side, and the slag is raked out on the other, 
leaving the furnace ready for a new charge of 
ore. The collected metal goes next to an 
improving furnace, which is a reverberatory 
furnace with a low arch, whence it is run into an 
iron pot and transferred to pig moulds. Foreign 
lead is re-melted in a large copper pan and run 
into half-round troughs, each containing one 
hundredweight, to form pig-lead. 

Characteristic* of Lead. Metallic lead 
is a bluish grey, with a lustre which is bright 
when freshly cut, but rapidly tarnishes on ex- 
posure to the air, is very soft, can be cut with 
wood working tools, but clogs the file, is easily 
indented, very malleable, and only feebly 
ductile. Surfaces freshly cut can be welded at 
ordinary temperatures by simply pressing them 
firmly together. 

When lead is melted in presence of air a 
greyish powder of sub-oxide is formed on the 
surface. If stirred vigorously for some time a 
yellow powder of protoxide of lead (PbO*) will 
Se formed, called massicot or litharge. Flint 
glam is composed of yellow oxide of lead, silica, 
and potash. Lead in large proportion gives 
great brilliancy to the glam, and the so-called 
paste gems are thus made. If the heating be 
further prolonged red lead will be produced. 
The reduction of oxide of lead — t.e. the removal 
of the oxygen — is very easy; it is only necessary 
to melt it in contact with charcoal, coal, or coke 
dust (2 PbO + C * 2 Pb + OO t ). 

3hmt Lead. Sheet lead may be cast in 
sheets 16 to 18 ft. long, 6 ft. wide, and alxrat 
f in. thick, by melting pig-lead and pouring it 
on to a level sand-bed on a wooden bench, and 
sweeping off the surplus with a “ strike.” It is, 
however, usually made by casting a thick Mock 
weighing 4 to 6 tons and passing it under metal 
rollers until it is reduced to the thickness required. 
The sheets are from 24 ft. to 36 ft long and 5 ft. 
to 8 ft wide, the finished thickness varying from 
A in. to ^ in. thick, bat generally known by 
the weight in pounds per foot super, say 3 lb. to 
10 lb. It is much used in roof work, 4 lb. or 6 lb. 
lead for aprons, flashings, and soakers, 5 lb. to 
7 lb. lead for hips and ridges, 6 lb. to 8 lb. lead 
for gutters and fiats, and wherever it is liable to 
be walked upon, 7 lb. to 8 lb. for soil pipes. The 
weight in pounds per foot super multiplied by 



0417 wlU give the thickness in decimals of an 
inch. 

How Lead Pipes are Made. Lead pipes 
are made in a hydraulic press, one form of which 
consists of a steel cylinder [48], eonta : ning molten 
lead from which the scum has been removed and 
having a rod equal to the required inside diameter 
of pipe standing up in the centre. This is raised 
by water pressure to meet a fixed ram of the 
same diameter as the inside of the cylinder, and 
with a die in the bottom having a hole equal to 
the outside diameter of pipe. When the lead 
has just set, the cylinder containing it is forced 
upwards, and the lead squirting through the 
annular space in the bottom of ram forms a 
continuous pipe, which is coiled on a wooden 
drum. Lead pipes must not be used for the 
conveyance of soft water, although the water 
itself does not act upon the lead ; it holds in 
solution some of the oxygen of the air, and this 
converts a portion of load into oxide of lead, 
which is very poisonous, and accumulates in the 
human system, giving rise to colic and paralysis. 
Hard water does not have the same effect, as 
some of the carbonates contained arc deposited 
on the lead and protect it. 

Zinc, Zinc (symbol Zn. ; atomic weight 65) 
is found to a limited extent in England as zinc 
sulphide, called zinc blende- or black jack , and 
zinc carbonate or calamine. The blende is 
stamped to powder and washed to free it from 
earthy matters, calcined in a reverberatory 
furnace with a double hearth, being first roasted 
on the cooler portion near the chimney and then 
on the hotter part near the furnace. The roasted 
ore used to be distilled with coke in fire clay 
crucibles arranged round a furnace like a glass 
furnace [ 46 ]. Each crucible had a pipe leading 
from the bottom, in which the zinc was con- 
densed and passed into a receiver. A consider- 
able quantity of oxide was carried down with 
the zinc, and the whole was re-melted in an iron 
pot, skimmed, and cast into fiat cakes or ingots 
of spelter. The Belgian process is, however, now 
generally employed in England. The mixed ore 
and coal are put into fire-clay cylinders of about 
8 in. diameter and 3 ft. long, closed at one end. 
From 40 to 80 of these cylinders are ranged in a 
furnace [ 44 ] in tiers like gas retorts. The carbon 
of the coal unites with the oxide of the zinc and 
escapes as carbonic oxide, leaving the metallic 
sine to come off as a dense vapour, which is con- 
densed in cast iron conical tubes, from which it 
is raked out into a large iron ladle. The zinc is 
then skimmed from dross and cast into ingots of 
70 lb. to 80 lb. each. In the Silesian process the 
calcined calamine is distilled with coat or coke in 
retorts or muffles arranged in a furnace 
mg as in 46 . 

Characteristic!! of Zinc. Zinc is a 
bluish metal, probably the “ kuanos ” of Homer, 
pliable and moderately soft. At a temperature 
of 200° to 250° F. it is rendered malleable and 
may be rolled into thin sheets. For this pur- 
pose the crude ingots are re-melted and cast 
mto purer ingots of convenient size for rolling 
and passed between cast iron rolls. Sheet 
sine is extensively employed for cheap gutters, 


rain-water pipes, baths, and roofing, for which 
it is eminently fitted by its resistance to the 
action of air and moisture. It soon tarnishes by 
the formation of a thin film of oxide, which 
preserves it from further action, but it has one 
serious defect for roofs, as it blazes fiercely under 
the action of fire, producing light white Hakes 
of oxide of zinc which form the basis of a paint 
called zinc-white. The acids in the air of towns 
act freely upon zinc and corrode it. This is also 
liable to occur on fiat roofs, to which cats have 
access. 

Zinc, like copper, becomes very brittle if 
worked much with a hammer, but this may Is* 
obviated by annealing or heating it and allowing 
it to cool very gradually. Bronze, however, 
requires to lie cooled quickly to anneal it. If 
the zinc l>o heated to just Udow melting point 
and cooled gradually it Incomes very brittle, so 
that care has to be taken not to overheat it . Like 
tin, if bent backwards and forwards, it crackles. 

Galvanised Iron. Galvanised iron is sheet 
iron coated with zinc by immersing it when 
thoroughly cleansed into melted zinc covered 
with powdered sal-ammoniac. The term “ gal- 
vanised ” arises from the original process of 
depositing the zinc on the iron plate by immersing 
the plates in a solution of sulphate of zinc and 
connecting them to the wires from the negative 
polo of a galvanic battery. The plates are 
generally corrugated to give them stiffness, and 
go by the name of corrugated iron, frequently 
used for covering temporary sheds. This 
material is ill adapted for use in towns, os the 
acids of the atmosphere attack the zinc, exposing 
the iron and allowing it to rust into holes. It is 
generally supposed that zinc is very light, but it 
is only seemingly light from the thinness of the 
sheets. Its weight is practically the same as 
that of cast iron. 

Aluminium. Aluminium (symbol A1 ; 
atomic weight 27), discovered by Wohler in 1828, 
is probably the most abundant of all metals, as 
it exists in every variety of day ( silicate of 
alumina). It is more easily obtained from some 
of its ores, such as bauxite. The ground mineral 
is mixed with soda-ash and heated in a rover- 
lieratory furnace, when the soda combines with 
the silica and alumina, forming silioate of soda 
and aluminate of soda, the carbonic acid being 
expelled os gas. The mass, after cooling, is 
treated with water to dissolve the aluminate of 
soda, which is then mixed with hydrochloric 
acid to remove the soda, leaving a gelatinous 
precipitate of hydrate of alumina. This is mixed 
to a stiff paste with common salt and charcoal 

S owder, made up into balls the size of a fist, 
ried, and heated in earthenware cylinders 
through which chlorine gas is passed. The 
carbon of the charcoal combines witn the oxygen 
of the alum na and escapes afe carbonic oxide 
gas, while the alum'nium unites with the chlorine 
to form chloride of aluminium ; this combines 
with the salt (chloride of sodium) to form a double 
chloride of aluminium and sodium, which distils 
over and condenses to a solid mass. It is then 
mixed with sodium and fluor spar to form a slag 
to protect the metal, and thrown upon the red- 
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Characteristics of Aluminium. It ia 
a white malleable metal about a a bard aa sine, 
and fuaea at a somewhat lower temperature than 
all ver. It ia extremely light and does not tamiah 
on expoaure to the air. In appearance its colour 
Is about midway between the two metals, zinc 
and silver. It is used extensively in alloys. 

Bfoosa Bronze is a mixture of copper and 
tin in various proportions, say, ten copper to one 
tin. Gun metal is a bronze with a little zinc in 
it. The following table gives the principal 
bronze alloys : 


Name. 


w- 


ftaft frun-rnoUl .... 
Uathetualleal liifttnuuenU . 
Fump*(very tmiirli) 

Pump plmisreni .... 
Small touttied wheel* . 
Locomotive I tearing* 

Engine I tearing* .... 
Locomotive itr*(Mi and gland* 
Admiralty mixture for valve* and 

mounting* 

Hard gtm*inctal for Itearlng* . 

Ball?'* metal 

G.Mf. for heavy I tearing*. 

Maximum UardttcM fttr bearing* . 
Hydraulic valve fare* 
laiu-tam (Cliinwu gong*) . 

Bell metal 

Speculum metal .... 


| (Vip)M)r. 

Tin. 

Zinc. 

i 

1« 

I 


12 

1 

— 

32 

3 

1 

14 

1 

1 

10 

1 

— 

m 

7 

1 

112 

13 

4 

1.30 

10 

1 

00 

10 

2i 

8 

1 


32 

& 

2 

32 

6 

1 

r» 

1 

— 

4 

I 

— 

4 

1 

— 

3 to 6 

1 

— 

2 

I 

— 


Other Brontes. Alumh um bronze con- 
sists of 90 parts of copper to 10 of aluminium. 
Delta metal consists of 53 A parts of copper, 1 part 
of tin, 41| parts of zinc, 1 part of lead, 1 part of 
Iron, and f part of manganese. Phosphor bronze 
consists of 82 parts of copper, 10 parts of tin, 74 

r trts of lead, 4 part of iron, 4 part of nickel, 
part of phosphorus. 

Brass, Brass is a mixture of copper and 
xtaft in various proportions, say, for high brass, 
two copper to one zino, and* low brass four 
copper to one gin \ The terms higher and lower, 
applied to brass, express the greater or less 
quantity of zinc in the composition. The follow- 
ing table gives the principal brass alloys : 


Nsiua 


Tough for eughm work 
For turning and fitting 
•oft for hammering . 
Yellow bras* 

(tton-oock* and valve* . 
Etdllng-atoek bearing*. 
Flange* for hraaing . 
Braa* for aoMerlng . 
Brmaa, various . 

Hunts metal sheathing 
©a kxxuootlve tube* 
Nall* for sheathing . 
Statuary t more* 

Sad txugi rrnmbak) . 
lag sheet nraa* (Gemtau). 
JBgcma* far lamp* 


Copper. 

Zinc. 

Tin. 

Lewd. 

100 

18 

15 

~ — 

8 

1 

— 


7 

8 



2 

1 

— 



88 

30 

o 

_ 

77 

— 

8 

16 

32 

1 

— 

1 

8 

S 

1 


*0 to « 8 to 40 * to S * to Si 

S 

2 

_ 


06 

S3 


1 

87 

4 

9 


90 

& 

2 


8 to 10 

1 

_ 


11 

2 

_ 



*7 

6 

1 

1 


*» 


„ .. latfaaoBy {SMtomt noAM 

Sfcl atonic might m) m mmi in cUoyc for type 
fomirng . and for antiftiotion um». 

Type metal consists of thiee to seven parts of 
load sn d one part of antimony. For stereotype 
metal a little bismuth is added to reduce the 
temperature of fusion. Hard antifriction metal 
consists of one part of copper, 50 parts of tin, 
and five parts of antimony. For soft anti- 
friction metal the copper and tin are omitted and 
lead is added. 

NicKel. Nickel (symbol Ni ; atomic weight 
59) is also used in alloys, chiefly in the manu- 
facture of German silver and electro plate, con- 
sisting of copper, zinc, and nickel. It also enters 
into the composition of phosphor bronze and a 
variety of steel. 

British Coinage. The bronze coinage con- 
sists of 95 parts copper, four parts tin, one part 
zinc. Three pennies weigh one ounce avoirdu- 
pois and a halfpenny is exactly one inch in 
diameter. It is proposed to use a nickel alloy 
instead of this mixture, as is done by many con- 
tinental nations. The silver coinage consists of 
74 parts copper and 92 | parts silver. The gold 
coinage contains 91 j per cent, of pure gold, and 
the remainder copper. Pure gold is almost as 
soft as lead, and the addition is for the purpose 
of making it harder and more fusible. 

Fusible Alloys. Alloys containing bis- 
muth arc called fusible alloys. According to the 
proportion used of lead, tin and bismuth, the 
melting point may be made to vary from 472° P. 
for bismuth alone to 200° for a mixture of one 
lead, one tin, and four bismuth. It will be 
noted that this is lower than the temperature of 
boiling water. 

Solders* These are moderately fusible 
alloys used for joining metals. Plumbers’ fine 
solder consists of one part of tin to one part of 
lead. Plumbers’ coarse solder, one part of tin to 
three parts of lead. Tinmen's fine solder, three 
parts of t in to one part of lead. Tinmen’s coarse 
solder, two parts of tin to one part of lead. Hard 
spelter for brazing, three parts of copper to one 
part of zinc. Soft spelter, one part of copper to 
one part of zinc. 

Autogenic soldering consists of directing a 
flame of hydrogen along the edges of lead 
plates so as to melt and unite them without the 
use of solder. This method is chiefly used in 
joining plates for forming sulphuric acid cham- 
bers, as the ordinary solder would be rapidly 
eaten away by the acid attacking the tin. 
Sulphuric acid has no action upon lead. 

THE LESSER USED MET AES 

Gold. Gold (Aurum; symbol Au; atomic 
weight 196) is found only in the metallic state, 
and exists practically in all parts of the world, 
but in the majority of cases its quantity is too 
small to pay for its separation. It is mostly 
disseminated in fragments and branches through 
quartz rook, but is also found largely in streams 
and sands, where it has evidently been produced 
by the crumbling of the rooks containing it, 
which have been worn away by the action of the 
water, leaving the gold deposited by reason of its 
great weight. It is generally extracted by 
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■■mmAg the sands oonUning it, the i . 

Mag affected bv the difference in the specific 
gravity of the told and the other matter*. It is 
also obtained by the pro cess of amalgamation 
with mercury, which dissolves the gold, and other 
processes are used according to the richness and 
nature of the matrix in which it ooours. Pure 
gold is uninfluenced even by strong acids, but 
can be dissolved by a mixture of nitric and 
hydrochloric acids. Its permanence arises from 
its resistance to combination with oxygen and 
sulphur, and it is only the minuteness of the 
particles rubbed off in its wear that causes its 
ultimate disappearance. It is too soft for use 
in its pure state, and hence for coinage is alloyed 
with 8J per cent, of copper. The presence of 
lead or antimony, even in very minutepropor- 
tions, renders gold extremely brittle. The fine- 
ness or purity of gold is expressed by the number 
of carats of pure void in 24 carats of alloy. 
Pure gold would thus be 24 carats fine and 
sovereign gold 22 carats fine. This latter is the 
highest degree of purity used by jewellers and is 
confined to wedding rings. For other purposes 
18 carat gold is generally used, the alloy being 
gold, silver, and copper. The lowest degree of 
purity used under tne name of gold jewellery is 
nine carats fine. 


Malleability of Gold. Gold is the most 
malleable metal. It may be extended by beat- 
ing to 660,000 times its original surface, the 
average thickness be'ng ax-Araff °* 91X1 inc ^ 1. 

Gold leaf is made from a small ingot of pure 

f old weighing two ounces ; this is annealed and 
ammered until it is reduced to one-sixth of an 
inch thick, and is then passed between steel 
rollers and annealed os often as may be necessary 
until it is formed into a riband weighing only 
six and a half grains per square inch. It is then 
cut up into pieces one inch square, which are 
piled up alternately with pieces of vellum four 
inches square. The heating is performed with 
a 16 lb. hammer, having a convex circular face 
four inches diameter. After various manipula- 
tions, and when the gold has been extended to 
twice the width each way, each leaf is cut into 
four equal parts of one square inch each. These 
are now placed between alternate layers of gold- 
beaters* skin and beaten with a 10 lb. hammer 
until they are each extended to about four inches 
square. These are again cut into four equal 
parts, put between gold-beaters' skin and 
hammered out with a 7 lb. hammer until they 
are about three and a half inches square. The 
gold leaves are then cut to exact size and packed 
between paper rubbed over with red chalk to 
prevent sticking, and made up in books of 
twenty-five. Mechanical power is sometimes 
substituted for hand labour. 

Silver. Silver {Argentum ; symbol Ag; 
atomic weight 108) is found in a native 
metallic state like twigs or branches of silver 
crystals strung together. It also occurs in com- 
bination with sulphur, chlorine, bromine, iodine, 
and associated with other metals in various ores, 
uch as Copper, zinc, and lead. Pure silver is 
soft and readily tarn* shed on exposure by reason 


of Us'nttaty for sulphur in the satahnrttted 
hydrogsa of the atmosphere of houses. Standard 
silver, as used for the stiver coinage, is alloyed 
with copper to harden it, and a considerable 
quantity of copper may be added without 
altering the colour. The hardest alloy contains 
four silver to one oopper. Standard silver is 
whitened by heating it until the oxygen of the 
air has converted a little of the copper at the 
surface into oxide, whtoh is then dissolved by 
immersion in weak sulphuric acid or by other 
means, and is brightened by burnishing. 

Electro Plating consists of depositing 
pure Bilver or other metal upon a baser founda- 
tion by means of a galvanic battery. The 
articles are suspended in a solution of cyanide 
of Bilver in cyanide of potassium, by wires con- 
nected to the last zinc plate of the battery, and 
the last copper plate of the battery is connected 
with silver plates suspended in the silvering 
liquid. The current from the battery causes 
the decomposition of the cyanide of silver in the 
solution, the silver being deposited upon the 
suspended articles, and the cyanogen sot free 
combines with the silver of the suspended plates, 
forming fresh cyanide of silver and keeping the 
solution always at full strength. Simply, the 
operation consists in the transfer of silver from 
the suspended plates to the suspended articles 
through the intervention of the liquid and by 
means of the electric current. 

Silvering on Glass. This may be effected 
by the precipitation of silver from a solution by 
chemical agents, and this often occurs acciden- 
tally on the interior of test-tubes when testing 
for silver by reagents, but looking-glasses are 
“ silvered ” with an amalgam of tin and quick- 
silver containing no silver at all. 

Mercury or Quicksilver. Merouiy or 
quicksilver (Hydrargyrum ; »yml>ol Hg; atomic 
weight 200) comes chiefly from tho State of 
California. It is found also in other parts of 
the world in its metallic state, and in com- 
bination with sulphur as cinnabar. It is 
obtained from its ore by distillation, raid is the 
only known metal which is liquid at ordinary 
temperatures. Brought into contact with other 
metals, it unites with them to form an amalgam, 
except in the case of iron and platinum, which 
are not attacked by it. 

Mercurial Thermometers. Mercury is 
extensively used in the construction of ther- 
mometers liecause of its fluidity through a con- 
siderable range of temperature, and from its low 
specific heat, causing it to respond quickly to 
cnanges of temperature. It does not adhere to 
the glass, and hence in a large tube is always 
rounded on the upper surface, hut it is so mobile 
that it will traverse a very minute tube, as in 
clinical thermometers, where the expansion of 
the mercury in the bulb produces a considerable 
travel, or large scale of movement, in the 
capillary tube. 

Platinum. Platinum (symbol Pt; atomic 
weight 197) is a very valuable metal, only dating 
from 1741. It occurs in the metallic state, is 
very malleable and ductile, and resists the 
action of heat, oxygen, and acids. Although 
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very expensive, H is much used for mveiWm md 
evaporating basins, but must not be heated in 
eonneetion with metals, aa it forma an alloy with 
them very readily. On account of its resistance 
to corrosion it is used for forming the touch- 
holes of small arms an 'l cannon. In its finely 
divided state as spongy platinum it has the 
property of condensing gases into its pores, which 
raises its temperature to caloresoenoe, and forms 
the basis of the self-lighting mechanism for 
incandescent gas mantles. 

Arsenic. Although a metal, arsenic (symbol 
As; atomic weight 7ft) is not used in the 
metallic state. It occurs as an impurity in 
copper, tin, and sine ores, and is very poisonous. 
It occurs in some green pigments, and from this 
cause old wall papers with green colourings were 
often very poisonous, but other green colouring 
matters have now boon discovered by which its 
use is obviated. It renders wrought iron cold- 
short and hinders welding. 

Bismuth. Bismuth (symbol Bi ; atomic 
weight 210) occurs in ores with nickel, cobalt, 
copper, silver, and arsenic. It has a reddish 
colour and a highly crystalline appearance, is 
very brittle, and is only used in its pure state in 
the construction of thermo-electric piles, com- 
posed of alternate bars of bismuth and ant imony, 
which are used as very delicate thermometers by 
the generation of electric currents. Its chief use 
is in the formation of fusible alloys. 

Manganese. Manganese (symbol Mn ; 
atomic weight ftft) is not used alone. In oast 
iron, where it is always present to a small extent, 
it tends to produce the white* variety. In wrought 
iron it renders the removal of phosphorus and 
sulphur more complete in the puddling process, 
although the puddling is attended with more diffi- 
culty. In stotd, in small quantities, it increases 
the tenacity and causes it to weld more freely. 

Metalloids. This is the name given to 
several chemical elements which, although not 
metals, have some of their characteristics. The 
following are the principal metalloids. 

Carbon. (Maroon (symbol C ; atomic weight 
12) occurs in several well-known but widely dif- 
fused forms — as the diamond, charcoal, graphite 
or blacklead. soot, lampblack, Ac. In iron it 
produces fluidity and in steel hardness, while in 
copper it produces brittleness. When burnt 


with * limited mpfty o* oxygen, ,» fa*» ««*&« 
monoxide, carbonic oxide, or fire-da mp (O P), 
which bums in the presence of more oxygen to 
form carbon dioxide, carbonic acid, or choke- 
damp (C0 8 ). 00 is poisonous, but CO r although 
not directly poisonous, will neither support 
combustion nor life. 

Silicon. Silicon (symbol Si ; atomic weight 
28) occurs as an impurity in wrought iron, and 
reduces its tenacity more than phosphorus does, 
acting whether the iron is hot or cold. A small 
quantity of silicon in steel produces sounder 
ingots, hut it should not exceed -08 per cent. 
In combination with oxygen silica is produced, 
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largely present in all fire-clays. 

Sulphur. Sulphur (symbol S ; atomic 
weight 32) is the pale lemon-yellow crystalline 
substance, which enters into combination with 
very many metals to form sulphides and with 
oxygen to form sulphates. It is also well known 
in combination with oxygen as sulphur dioxide 
or sulphurous acid (80j, in combination with 
water as sulphuric acia (HjS 0 4 ), and in com- 
bination w ith hydrogen to form hydric sulphide, 
sulphurreted hydrogen, 41 or rotten egg gas'’ 
(SFf 2 ). It is the action of sulphur in the air that 
tarnishes silver. In combination with iron or 
steel it causes them to be red-short, but in steel 
this is somewhat counteracted by the presence 
of manganese. 

Phoftphorua. Phosphorus (symbol P ; 
atomic weight 31), in its pure state, is like a 
semi-transparent crystalline wax, which com- 
bines freely with oxygen. It is largely used in 
one or other of its forms in the manufacture of 
domestic matches. Its combination with wrought 
iron causes cold -shortness, or brittleness. In 
cast iron it increases the hardness and fluidity. 
In steel it causes brittleness ; in copper it 
increases the tenacity and the fluidity, and 
renders castings sounder. 

Fluorine. Fluorine (symbol F; atomic 
weight 19) is only of' interest because of its 
intense action. When liberated in any chemical 
process it immediately attacks the containing 
vessel. In combination with hydrogen forming 
hydrofluoric acid (HF), it has the property of 
dissolving glass and other compounds of silica, 
and is therefore used for etching on glass. 


To be continued 
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HARMONY: CHORD-MAKING AND MANAGEMENT 

The Common Chord ; Chord ProgreMtai ; M Motion " of Puts ; Consecutive 
Fifths and Octaves ; Cadences and Sequences ; Inversions of Chords 


Bj J. CUTHBERT HADDEN 


FOLLOWING the study of intervals comes 
* very naturally an introduction to the study 
of harmony, since all harmony is founded on the 
combined use of intervals arranged according to 
certain laws. For the purpose of this study of 
harmony we have to distinguish two kinds of 
interval, consonant and dissonant. When two 
or more sounds heard together produce an 
agreeable sensation on the ear, the result is 
termed concord. In that case the intervals are 
consonant. When the sensation is not so agree- 
able — when discord is produced— the intervals 
are dissonant. Listening to the notes of a con- 
sonant interval or intervals struck together we 
feel the result to be complete and satisfactory in 
itself ; whereas the dissonances, though not 
necessarily harsh and repugnant, are felt by the 
ear to be unsatisfactory and suggestive of other 
combined intervals to follow. This may be 
illustrated in a very simple way. Here, for 
instanoe, are four consonant combinations which 
are one and all perfectly pleasing to the ear : 


zi 

j n 




1 J D I 



wr 

v ^ . ..... 1 



Sis 1 -j 8 




They can be played or sung, each by itself, 
without any acute desire for something to come 
after. 

On the other hand, such combinations as are 
shown by the semibreves in the following illus- 
tration are altogether unrestful for the ear. 
They are made up of dissonances, and suggest, 
if they do not actually demand, the combina- 
tions indicated by the non- tailed black notes : 



The harmony student, then, must know how to 
distinguish between the consonant intervals and 
the dissonant. That, happily, is not difficult. 
The consonant intervals are the unisons and 
octaves, the major and minor thirds, the perfect 
fourths and fifths, and the major and minor 
sixths; the dissonant intervals are the major 
and minor seconds, sevenths, and ninths, and all 
augmented and diminished intervals. A com- 
bination of three or more of these intervals is 
called a chord ; a concord when consonant 
intervals are only used ; a discord when dissonant 
intervals make a constituent part. 

Concords and discords toe naturally of many 
kinds, for the combinations which can be pro- 
duced by the union of diatonic and chromatic 
Intervals are very numerous. But the basis of 
all possible combinations is the triad or common 
chord. This consists of a fundamental note as 


bass, with its third and fifth added. Thus, if 
we sound the notes 0, E, and O together, we have 
a triad or common chord — the common chord 
of C. Add the octave of tho foundation note 
(C) and the chord admits of three principal 
positions : 



It is plain that wc can build un a chord on every 
other degree of the scale by the same process of 
adding a third and fifth above the foundation 
note. But here wc have to mark certain 
important differences which arise in the structure 
of chords. Suppose we set down a triad on 
every degree of the scale, as here : 



Now look at the lower thirds in these combina- 
tions. In the case of the chords on the first, 
fourth, and fifth degrees, these thirds are major, 
while those on the second, third, and sixth 
degrees have minor thirds. The difference is 
essential ; for it divides the chords of the scale 
into two classes— major chords when the lower 
third is major ; minor chords when it is minor. 
One chord, that on the seventh of the scale, 
stands by itself. All the other chords, while 
they disagree as to their thirds, agree in having 
a perfect fifth. This chord on the seventh degree 
is unique in having a minor third and an im- 
perfect fifth, hence it is termed an imperfect, 
sometimes a diminished , chord. 

Thus, then, of the seven chords of the major 
scale, three are major, three are minor, and one 
is imperfect. Naturally the most important of 
the lot are the three major choids,those upon the 
tonic, dominant, and subdominant. These are 
sometimes called the fundamentals of harmony, 
because by their use alone every note of the 
scale may be harmonised. Chords, let it be 
added, are named from their roots according to 
the degree of the scale that the root is founded 
upon — as tonic, supertonic, mediant, etc., eta 
Thus we speak of the chord C, E, G as the choid 
of the tonic when the key is C, of E, GZ- B 

S63 


nimilarly when the key is E ; and bo on. As a 
theorist has it, “ it is to the relation of chords to 
a scale or key that attention must be directed.” 
At the same time we can speak of chords without 
reference to the key-relationship : the chord of 
C, of 0, of F, and C in whatever key these are 
found. 

The chords of the minor scale demand some 
special consideration, chiefly on account of the 
artificially altered notes of that scale. In the 
major scale, as has been seen, the foundation 
chords are characteristically major. One would 
naturally expect that, conversely, the foundation 
chords of the minor should be minor. But this 
is not the cose. Take an illustration in C 
minor : 



Here only two chords, those of the tonic and the 
nubdomuunt, are minor. The dominant is con- 
verted into a major chord bx the incidental 
raising of the seventh note of the scale. The 
uses of these throe chords in their root positions 
are exactly the same as in the major. The 
chords on the minor supertonic and on the leading 
note are imporfcct and cannot be used in their 
root positions. On the raised sixth there can be 
no oommon chord, nor on the mediant when the 
seventh of the scale is raised, though we must 
recognise it as an augmented triad sinoe it is 
occasionally used. It must be frankly allowed 
that the chordal usages of the minor scale present 
many perplexing problems to the young student. 
They arise chiefly, if not entirely, from the 
varied forms in which the minor scale is written 
and are therefore inevitable. Only as his prac- 
tice extends, and his theoretical knowledge 
widens, can the student hope to thoroughly 
master this branch of his subject. 

Thus, then, we have learnt about the con- 
stituents of oommon chords. Now we have to 
learn something of the way in which these chords 
are used. For, of coume, chords cannot be 
made to follow each other at pleasure; the 
progression of every note in a succession of 
chords must be carefully considered. Henoe we 
arrive at the elementary rules of part-writing. 
When we speak of 44 parte,” we generally mean 
four voices (treble, alto, tenor, bass) or four 
instruments. That is the simplest and best 
method of studying the progression of chords. 

Well, first of all, sinoe concords have but three 
constituents, we must see which constituent can 
he ” doubled ” for four-part writing. The rule 
Is to double the root first. If the context does 
not allow of that being done, then double the fifth. 
The third, when it is major, must not he doubted 
except in special circumstances ; nor must it be 
omitted whether it is major or minor. The third 
of a chord, remember, is what determines whether 
the chord is major or minor, and if it is omitted 
the chord has no definite character. Moreover, 
it mi the third whioh gives a chord its harmoaio 
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life and quality. The fifth may be omitted 
without detriment ; the third never. 

This matter of 44 doubling ” having been 
arranged, we have next to understand how the 
individual notes of the chord are to be disposed 
among the various parts. Clearly it would be 
impossible always to superimpose them in the 
order of root third and fifth ; and indeed there is 
no restriction about the distribution of the notes 
of a chord beyond this, that the lower notes 
should be separated by the largest intervals, and 
that the diminution of the intervals should be 
gradual. Look at the following : 


(«) Q>) (*) 
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Here we have various arrangements of the chord 
of C. Those at a are perfectly satisfactory ; 
those at e loss so ; those* at b altogether bad. 
The essential thing to remember is that in dis- 
tributing the constituents of a chord there should 
be no disproportionate hiatus; that the largest 
intervals should Ik* at the bottom, the smallest 
at the top. Except in the case of baas and 
tenor, none of the parts should be separated by 
an interval exceeding an octave. 

We spoak next of the connection of the various 
chords. Here the rule is to choose as far as 
possible chords which may be connected by one 
or more notes common to both. Thus the chord 
of the tonic might be followed by that of the 
subdominant, because the note C is common to 
both, by that of the dominant because the G is 
common. The subdominant, again, might be 
followed by the supertonic chord because A is a 
constituent of both; and so on, as here, the 
common note being indicated by the tie : 
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Moreover, when two notes of the sam? name and 

E itch occur in consecutive chords it is well to 
eep them in the same part in both chords, as in 
the above example. This produces a smoothness 
and a tranquillity not to be obtained otherwise. 
It is, however, a recommendation rather than a 
rule, and applies more particularly to the inner 
parts (alto and tenor) : the rule is practically 
absolute (there are one or two exceptions) when 
two notes of the same name but of different pitch 
occur in two oonsecutive chords. In this ease 
the two notes be in the same part, otherwise 

there is produced what is termed a fake relation. 
Thus, if we have E in the alto part of a chord 


and write £ flat in the goprano part of the next 
chord, the result is a false relation. See the 
following example, where (a) is according to 
rule and ( b ) is not : 
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Note that the bad effect of a false relation often 
remains though a chord intervenes between the 
chromatic notes. 

So much for connecting pairs of chords. Now 
to consider the general motion of the parts. 
“ Motion ” is a technical terra, representing three 
separate kinds of movement. We have similar 
motion when two or more parts ascend or descend 
at the same time ; contrary motum when one }>art 
ascends while the other descends ; and ntdiyuc 
motion when one part remains stationary while 
the other ascends or descends. Of the three, 
contrary motion is preferable, not only liocause 
it is most grateful to the ear, but because it is 
less likely to lead to infractions of the rule as t o 
consecutive fifths and octaves, of which we shall 
speak presently. Similar motion in all the parts 
should be avoided if only liecause of the tame 
effect produced. A mixture of two or of all 
three forms of movement will generally give the 
best result. 

Closely connected with this matter of motion 
is the important rule — one of the most important 
in part- wTiting— which forbids two or mure per- 
fect fifths, octaves, or unisons between the same 
two parts, whether by skip or conjunct move- 
ment. Here 



at a we have consecutive fifths between bass 
and treble ; at b consecutive octaves between 
the same parts ; at c both consecutive fifths 
and octaves, the first between bass and tenor, 
the second between bass and treble. In similar 
motion the effect of such consecuti ves is especially 
bad ; in contrary motion they are rather less 
objectionable. To make the parts move in an 
opposite direction to the bass is one of the surest 
methods of avoiding them. Of course the 
student will understand that the forbidden 
intervals apply only to an actual progression of 
simultaneous parts. Where there is no melodic 
movement there is no objection to a repetition 
of fifths or octaves between any two parts. 


Thus the following are not regarded as infringing 
the rule : 





Note also that consecutive fifths are not forbidden 
when one of the fifths is imperfect. 

What are called hidden consecutive* must also 
be avoided. Those are much less easily dis- 
covered by the unpractised harmonist, being 
always, as their name implies, hidden or covered 
over. The rule is that the extreme parts (treble 
and bass) are not to proceed by similar motion 
to an octave, fifth, or unison. Thus, if we write 
C E 

A E ^ aIt ' Ha ‘ c * P rtH ^ U(H ' a ** hidden " con- 


secutive octave, because, were the scale notes 
lictwoon. in both cases filled in, w f e should have 
1) going to E in both parts. Similarly we have 
here a “ hidden M fifth 



as shown by the filling in with the small -sized 
crotchets. There are several exceptions to the 
rule about hidden consecutives, but in all his 
early work the student is advised to observe 
rigidly the other rule to which it gives rise, 
namely, that in the outside parts a perfect 
concord or unison should be approached by 
contrary or oblique motion. In regard to all 
these rules of part- writing it must often lie a 
case* of one rule yielding to another— laws of 
progression to laws of position and vice versa. 
Violations of most rules will be found in the 
works of the great masters, the good effect pro- 
duced being sufficient justification. Before the 
young harmonist thinks of following their 
example, he should see that his theoretical 
knowledge is complete. In any case, the rules 
against consecutive fifths and octaves admit of 
practically no infringement. 

Let us look now at the various kinds of cadence. 
A cadence, in the ordinary use of the term, is the 
close of a musical sentence. Generally the two 
last chords determine its character as perfect or 
imperfect , plagal or interrupted. The perfect 
cadence, as its name suggests, is the most 
satisfying, and on that account is used at the 
end of every composition and generally at the 
end of every movement. It consists of the 
major chord of the dominant (a seventh may be 
added), followed by the tonic chord. The im- 
perfect cadence, in its commonest form, exactly 
reverses this order of ehords: the tonic chord 



come* first and is followed by the dominant. 
This cadence is of course never used at the end 
of a composition, but only at the end of a phrase 
or section. It 44 seems almost to ask a question.” 

In the plagal cadenoe the determining chords 
are the sub-dominant and tonic. This cadence 
is most frequently met with in sacred music, as 
at the close of Handel's Hallelujah Chorus. The 
interrupted cadence is something of a contra- 
diction, being “ in the strictest sense, not a 
cadence at all, but the interruption of one by 
the appearance of some other than the tonic 
chord, whim the progression has been such as to 
lead to the expectation of a perfect cadence.” 
Interrupted cadences are harmonically of various 
kinds. The most usual form arises from the 
progression of the dominant to the sub-mediant 
chord. All these forms of cadence are simply 
illustrated here : 


Perfect. Flags!. Iimwrfect. Interrupted. 



In choosing his cadences the student should 
aim at securing variety. This is the more 
necessary in a short com|>08ition. where repeated 
use of the same form of c adence would produce 
a very monotonous effect . 

The subject of sequences need not detain us, 
for the sequence, though frequently beautiful in 
effect, is of the nature of a mechanical device. 
It may l»e defined shortly as a repetition of the 
same succession of intervals on different degrees 
of the scale. Thus the melody may alternately 
rise a second and fall a third, the bass rise a 
fourth and fall a fifth, the other parts also pro- 
gressing in a given order. Here is an example : 



A sequence of this kind is called tonal, because 
the intervals all belong to the unaltered scale. 


They are minor or major, perfect or imperfect, 
just as they present themselves. In the real 
sequence, so called, the respective intervals are 
exactly alike. Thus, in a real sequence, the 
above bass part would have to be written thus : 



so that every rising fourth and falling fifth 
should be perfect according to the pattern. 

Tonal sequences are much more frequently 
used than real. When the bass or melody moves 
sequentially the other parts should do the same, 
though, for variety’ 8 sake, this rule may some- 
times be ignored. Sequences are held to justify 
the infringement of a good many laws of part- 
writing. the ear being attracted and pleased by 
the evident design of the pattern, and so likely 
to accept what in an ordinary progression might 
sound objoctionable. Thus a sequence provides 
almost the only exception to the rule against 
doubling the leading note. 

Up to this point we have dealt with chords 
solely in their original positions — that is, having 
the foundation note in the bass. When this 
note is not in the bass — when it is transferred to 
an upper part — the chord is said to be inwrted. 
A common chord consists, as we know, of three 
constituents : hence such a chord is capable of 
two inversions. When the third is put in the 
lowest part, the chord is in the first inversion ; 
when the fifth, it is in the second inversion. 
Thus, in the triad of C\ wo have these three 
positions, the black note being the doubled note 
necessary in four parts : 






.. 1 








if 


-O- 


T 


1 

— X 

— 


X 



Original Position. First Inversion. Second Inversion. 


Note, in passing, that the root of a chord and the 
bass note are not necessarily the same. In the 
above illustration the root in all three cases is 
C ; and from this example the student will 
gather at once that in first inversions the root 
is a third below the bass note, while in second 
inversions it is a fifth. 


To be continued 
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VARIOUS METHODS OF SURVEYING 

Including Traversing, Plotting and Levelling, and dealing with the Beam 
Compass, Planimeter, Pentagraph, Eidograph, Level and Level Staff 


By Professor HENRY ROBINSON 


Traversing. In our study it has been 
assumed that the lines of the survey have l)een 
tied in by means of chain angles, or that only 
the main lines have had to be fixed by angular 
measurement. A common way of carrying out 
a survey is by traversing. For the purposes of 
this course it is assumed that the earth is a 
plane surface, and that no corrections for its 
spherical form are necessary. This assumption 
for all practical purposes, where the areas sur- 
veyed are limited, will cause no appreciable error. 

A traverse survey is carried out either by 
taking the 


the lines, 
or the 
angles be- 
tween the 
lines, or 
by taking 
both with 
a theo- 
dolite, 
or some 
other 
instru- 
ment. The 
lengths of 
the lines 
are mea- 
sured as in 
an ordi- 
nary chain 
survey. 

When 
p r ac t i - 
cable the 
traverse 
should be 
“ closed,** 
that is, the 
end of the 
last line 
of the 

traverse should finish at the commencement 
of the first line, a practice which forms a 
check on the work. If it be impossible to 
close the traverse, a series of observations 
should be taken from the various stations to 
some well-defined point, preferably within the 
survey, to form a check. When a traverse is 
carried out by taking the bearings of the lines 
only, and not by taking angles, the bearings 
should be read both forward and backward, to 
eliminate any chance of error. 

As greater accuracy oan be attained by reading 
the angles either external or internal, this method 


*ly o 
the 







<£>--* 


however, essential in order to fix the relation 
of the various lint's to the magnetic north. 
The bearings of the other lines eon be calculated 
after reading the angles between them, as will 
In' explained later. We know from Kuclid 
(Rook 1, Prop. 32, Corollary) that in any dosed 
polygon the following obtains : 

1. The sum of the interior angles plus four 
right angles is equal to twice us many right 
angles as the figure has sides. 

From which is deduced : 

2. The 
sum of the 
ex terior 
angles 
in inns 
four right 
angles is 
equal to 
twice* as 
many 
right an- 
gles as 
the figure 
has sides. 
From this 
it will be 
seen that 
if the 
a n g 1 e s 
(either 
exterior 
or interi- 
or) of a 
closed 
1 ra verse 
am read, 
t h e y 
may be 
cheeked 
by calcu- 
lation. 

When 
it is in- 
tended to carry out a traverse, it is necessary 
to adopt some system of reading the angles 
to avoid errors due to first taking an internal 
angle, and at another time an external angle, 
as, although they may have been properly 
noted, it would be necessary to employ some 
calculation in order to see wnether the traverse 
was correctly carried out by the calculation of 
the sum of the angles as previously explained. 
A good method is always to set the instrument 
on the backward station first, and then to read 
on to the forward station (from left to right). 
If this is dime, the rule that is given later for 

867 


\3 

mU**'*" 

21. TRAVERSE SURVEY 





onm. smoimuwimo 

calculating the bearing* of line* from the angle* 
between them will always obtain. The illua- 
tration f2t] shows a survey carried out by 
traversing. - 

A Survey by Traversing. The figure is 
shown as “ closed/’ although it frequently hap* 
npns that on starting a traverse the closing line 
will not be set out until nearing the completion 
of the work. The 

method of making X jTflu f*— - 

this survey was as H ’ ~ ' /^s 

follows. Hanging | Aoo-* 

poles were set up at : / 

the most convenient / 

place*. as shown on I f/ 

the illustration by j A y 

the small circles at ! f/ 

the points where y/ 

the lines join each 4 / 

other. The instru* *1 / 

ment was then set | / 

up at the loginning / 

(.4) of line 1, arid j / 

the forwanl louring j 

of AB taken (as * 4,^ 
explained when 
dealing with the j 

theodolite), and the m 
exterior angle read. J 

The instrument was S| s 

then removed and . 

the line ehaiued. t he * 

offsets being taken J 

in tlie usual manner. ^ 

’Hii* having been 1 

completed, the in- 22. travei 

strument was s'*t 

up at A the end of the line, and the back- 
ward bearing {HA) of line 1 was obtained, 
line 2 was then set out* and a pole put up at 
(\ when the exterior ancle A HC was read. This 
proceeding was continued until the survey had 
been completed. The direction in which the 
lines were chained is indicated on the illustration 
bv arrow heads. 


Method by the Bearing* alone. A» 

previously explained, this survey could have 
Seen completed by means of the bearmgs aW. 
The method adopted must depend on the degree 
of accuracy required. _ 

If the accurate bearing of one line is known, 
the bearings of all the other lines can be calcu- 
lated by the following rule, provided that the 
instrument is first 
rJr sighted on the back 

— — - 1 1 station in reading 

j the angles between 

. the lines. The result 

\ | of this is to give the 

• external, or internal, 

^6 |3 angles according to 

,B the direction in 

N. p which the chaining 

jk. takes place. Tlie 

bearing will, of 
W N /* course, vary by 1 80°, 

7 I depending upon 

/ j whether it is read 

/ I backwards or for- 

I j w ards. In any case, 

fl I the bearing is taken 

W j- in the same direc- 

Kj | « tion as the chainage. 

7 The bearing of 

/ | N any line may be 

• J j calculated with 

I regard to the bear- 

»ug of any other 
" — — ~ line, the angle 

between them 
ie survey (whether external 

or internal) being 
known, in the following way: To the knowm 
bearing, add the angle between the side to 
which it refers ; and to the next side, if the 
sum be less than 180°, add 180° to it; the 
result is the louring of the line required. If the 
sum lx* more than 180°, deduct 180° from it, 
and if the remainder be still more than 360° 
dtduct 3(10° from it ; the result is the bearing of 


120 *_ 6 * J 


TRAVERSE SURVEY 



1 I tbytes | | | * | ,- | IA 


Total 7hu«m* 


H990 76*0 tty* o' S.E 

730 J 82*0 | /Si O' 15*. O N E 77/ 2 
2) 500 0 Hold j SOS,, o' 55 l 0 N.W S/S& 

1000*0 9 o \0 215 .. 0 i 35.0 5.W 




003.7 E 
1310.30 E 
573*0 E 


8*. REDUCTIOH BOOK 


K0M* U8H1 #310 

n>m 

£**, * 










25. PLANIMETER 

the line required. As an example, we may 
assume the theodolite set up at A [22], and the 
direction of chaining to be from .4 towards B. 
The bearing of the first line AB is taken and its 
length chained. The interior angle between it 
and the last line DA is taken. The theodolite is 
transferred to B, and the angle ABC is observed. 
The bearing of BO is obtained as follows : 

Bearing AB = 113° O'. Angle ABC ~ 82° O'. 
Their sura = 195° O'. Then, as already ex- 
plained, 195° 0' - 180° O' = 15° O', which is the 
bearing of BC. As another example, supposing 
that the traverse was chained the reverse way, 
the angles read would be exterior angles, and the 
bearings would differ by 180°. Thus the bearing 
CB would 195° O'. To 
this add the exterior 
angle CBA = 360° - 
82® = 278°. The sum 
would, therefore, bej| 

195° + 278° * 473°. As J ; Ts> 
before, 473° - 180° = 1-4 -•-* 

293°, which is the bear- ’ 
ing of BA, and equals # |_ 

113° + 180° « 293°. By 
the above method the 
angles all round the survey are observed, and 
the lengths of the lines chained. It now remains 
to be shown how these are to be plotted. 

“Northings and Southings** Method. 

A common method for plotting is by the 
Protractor. A more accurate way is by means 
of what is known as Northings ana South - 
ings, or Latitude and Departure. By this 
method, as will be Bhown later, the field book 
is worked out first, and any errors detected 
before the plotting commences. We know, from 
trigonometry, that in any right-angled triangle 

0 . Perpendicular 

Sine = . - 

Hypothenuse 

~ . Base 

Cosine = ^ . 

henuse 


| Referring again to St, if there be 
any line, AB, of known length, 
« making an angle X, AB with any 
| line AX,. it is possible to calculate 
! the distances A A , and X^B so that by 
scaling off .4 X, and drawing a perpen- 
dicular XjB to XX t , and making it 
equal to the calculated length, the 
position of B may be fixed by scaling 

alone. Thus = cos and 

t Alt 

therefore X,A = AB cos X x AB. 
Similarly X X B = AB sin A l x AB. In 
a traverse survey the tearing* (cal- 
culated or observed) are the positions of the 
linos with regard to the North, and may be 
anything up to 300°. 

For the purposes of plotting, it. is required to 
get the actual angle made with a line running 
North and South (A, A). This is termed the 
Reduced Bearing , and is used to calculate the 
distances for fixing the lines on the survey. 
“ Reduced Bearings ” may l>e calculated from 
the actual bearings as follows : 
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PLAN B 

24. ENLARGEMENT OF PLANS 

For bearings less than 90 n take the bearing 
direct ; for bearings greater than 90° and less 
than 180°, take 180° - the bearing ; for bearings 
greater than 180° and less than 270\ take tearing 
- 180° ; for bearings greater than 270°, and less 
than 360°, take 360° - the bearing. 

From the above rule it will be found that our 
reduced bearings are always less than 90'\ and 
therefore the sines and cosines can be obtained 
from an ordinary set of mathematical tables. 

Plotting. In plotting the work, first draw 
the line XX, being the North and 
South, or meridian line. Upon this 
line a point A is fixed, being the com- 
mencement of the survey/ and is called 
the origin po»nt. The distances from 
point to point measured along, or 
parallel to, this line AA, are called 
the differences of “ latitude” or north- 
ings and southings , according to their 
direction. The distances perpendicular 
to the line are called the departure , or 
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ttutingt and muting*, according tc their direction. 
Urne direction! are obtained from the actual 
bearings, and are at follows ; 

0° to 90° ~ N. and E. 

90° to 180° ® 8. and E. 

180° to 270° * 8. and W. 

270° to 860° « N. and W. 

Figure 28 is an example of the Reduction Booh 
completed for this ease. Referring to this in 
conjunction with 22, an illustration will be given 
to show how this book is made up. The bearing 
of AB is 113° O', which is 8. and E. The 
“reduoed bearing" is therefore 180° - 113° 
m 67°, and is entered in column 5, with its sign 
8.E. The length of AB is 1199, and 1199 cos 
07° * 408*48, and 1199 sin 07° « 1103 70. 
These distances are entered in columns 7 and 8, 
plotted as shown, and the point B fixed. The 
next bearing is 15° and, as explained, this 
bearing, being less than 90°, is the reduced 
boAring, and is N. and E. The distances are 
calculated as before (the measured distance of 
BC being 798*4). As this direction is N. and the 
previous one was 8., the difference of the 
amounts must be obtained in order to get the 
actual distance from the origin, and is entered 
in column 10 (302*72 N.). 

The departure is a still further easting, and 
must be added to the previous reading to get 
the total distance, and is entered in column 11 
(1310*34). The last two columns of the reduc- 
tion lx>ok enable the errors to be observed. If 
the angles chock by calculation, the total error, 
if any, is in the chaining. The distances are 
shown on 22, as are the total distances from 
point to point. 

After the fieldwork for a survey has been com- 
pleted, the work has to be plotted. The scale 
tor plotting must depend on the purpose of the 
survey. A convenient scale for small surveys 
is one chain to the inch, but this is too large 
for extensive surveys. The three scales of the 
Ordnance Survey are ijW (or what is termed 
the 20-incli ordnance), tne 0in. and the 1 in. 
being 0 in. and 1 in. to the mile respectively. 


Ths Beam Compass. The first thing 
that has to be done is to plot the survey lines. 
If of any length this is done with the aid of 
the Bmm Compos*, by means of which arcs of 
circles are struck representing the lengths of 
the various lines from their respective points, 
and the intersections of these arcs give the 
points to which the lines have to be ruled. 
When those survey lines are all plotted and 
checked, the offsets from the various points of 
the lines have to be drawn at right angles to 
the lines. This is best done by means of an 
o fleet *caU, which is a small portion of the 
main scale (usually 12 in. long). The 12 in. 
main scale is laid along the line, and the smaller 
offset scale is moved along it (of oourse, at 
right angles), and the various points are pricked 
off and afterwards joined up. It is often neoee- 
sary to take out areas when the survey has been 
plotted. The most convenient method is by 
means of a 44 Planimetcr,” one form of which is 
as follows : 
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AimW* Planlmwtwr. This Flwumatar 
[861, when reedy for ooe, ae in the diagram, 
mete upon three point?. D, E f /• Th sso are 
mspectnrely : fint a point of the circumference 
of the divided wheel D ; secondly, a point of the 
tracer F at the end of the arm A ; thirdly, a 
point E at the end of the other arm B, which 
is kept fixed during the time of operation. 

Place the point E at a convenient distance 
from the figure to be measured, so that the 
tracer F may traverse the entire periphery of 
the figure ; but if the figure is too large to allow 
this, it can be subdivided by drawing straight 
lines through it, and the contents of the several 
parts computed separately and added together. 
Then place the point of the tracer on any con- 
venient starting-point in the periphery. When 
the instrument is thus adjusted, read off the 
division on the horizontal disc C , also that on 
the perpendicular wheel and vernier, H . Suppose 
that the horizontal disc gives 3, and the vertical 
wheel gives 905, namely 90 on the wheel and 5 
on the vernier, this reading must be put down 
thus, 3*905. Then carry the tracing point round 
the figure in the direction of the hands of a 
watch ; and when the whole circuit has been 
made, observe the reading again. Suppose 
them 5*763, then subtract the former reading 
from the latter, the result will be 1 *858 ; multiply 
this by 10, and you get the contents of the 
figure in square inches, namely 18*58. Notice 
must be taken whether the disc C has made an 
entire circuit, if so, 10 must be added for every 
revolution to the whole number. Thus, if the 
disc had gone once round, the second reading 
would have been 15*703 ; if twioe round, 25*763, 
and so on. 

Scaling an Area. In the event of it 
being necessary to take out the area by scaling 
alone, the plot must first be divided up into 
convenient forms, as for instance, into triangles. 
In the cose of a field surrounded by irregular 
or curved fences, it will first be necessary to 
reduoe them to straight lines. This can be 
done by the eye on the 44 give and take ” prin- 
ciple. The area of a triangle U; found by multi- 
plying the base by half the perpendicular line 
drawn from the base to the apex of the triable. 
If the three sides of a triangle are kilown, the 
following formula will give the area : 

Area * x - a) x (« - b) x (a — c) 
where o, ft, and c being the 

length of the respective sides. 

Reduction end Enlargement by 
Square*. Plans may be enlarged or reduced 
by means of squares. The method is simple 
and accurate if carefully carried out. The plan 
(A) to be enlarged [24] is divided into squares of 
suitable size. Having decided on the size of the 
enlargement (B), divide a clean sheet of paper 
into squares, the size of which must be according 
to the scale of the enlargement Then each 
square on the plan (A) will be re p r e s en ted fay a 
larger square on the dean paper. 

The figures, lines, etc., contained fay the 
squares on plan A must be carefully measured 
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plaa & Each squire cam be numbered u 
shown on the figure, the ohms on the square IH 
being an example. For reducing plans rapidly 
the Femagrapk and Eidograpk are used. 

Tbn Pentagraph* Inis instrument [86] 
is made from 12 in. to 
4 ft. in length, and 
consists of four ban, 
two long and two 
short. The long ban, 

AEaodAF, are jointed 
at the point A . Hie 
short ban, BD and 
CD, are jointed at the 
point D , the other ends 
being attached to the 
long ban at the points 
B and C. This ar- 
rangement of minting 
produces parallel mo- 
tion in the instrument. 

The whole instrument pivots round a weighted 
centre ( W ) (which is the fulcrum), the ban 
being supported at intervals by ivory wheels 
to allow free motion when at work. The 
pencil, tracer P , and the weighted centre 
If, are attached to the ban by tubes which 
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the bar BD, the pencil on the bar AF, the 
tracer on the bar AE. If it be required to 
reduoe a plan to one-third of its nice, place the 
slide on each divided bar to the division marked 
J. the pencil being on the bar BD, the fulcrum 
on the bar AF, and the tracer on the bar AE. 

Enlargements should 
bo made by the 
method of squares, 
but may be made 
with the pentagraph, 
by interchanging the 
pencil and tracer. As 
any error is magnified 
according to the scale 
to which the enlarge- 
ment is l>cing made, 
_ it is not usual to 
employ the penta- 
grapli where accuracy 
is required. The 
pencil can be raised 
or lowered as desired, by means of a silk cord 
provided for the purpose*. 

The Eidograph. This instrument [27] 
is used for a purpose similar to that of the 
pentagraph, but its construction is different. 
It consists of three bars or arms. A, //, and (\ 
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enable them to be interchanged, as will be 
explained later. 

The bars AF and BD are marked off into a 
number of divisions, and are provided with 
slides which can be moved to any required 
division on their respective bars, and are held 
in position by the clamps K. As a general rule, 
the following instructions should be observed. 

On the graduated bars which carry the slides 
proportioned to the fulcrum and pencil there 
ate usually 2! divisions. Those numbered j, J, 
to are' to be used with the fulcrum on toe 
bar AF, the tracer on the bar AE, and the 
peocil on the bar BD. Hie other fractions, ), 
], f. and on to fj, are used with the fulcrum on 


working on a pivot or fulcrum, W. The centre 
bar C has a grooved pullev at each end (// and 
K) round which a steel band passes. Any 
movement of one pullev is transmitted by the 
band to the other pulley, thus producing the 
parallel motion. To these pulleys are attached 
square tubes through which the liars A and B 
are passed, clamps being provided to hold them 
in tneir required positions. All the bars are 
graduated, and have verniers to enable the arms 
of the instrument to be set to their proper 
positions. 

To set the instrument for the reduction of a 
plan to any required proportion take the sum 
and the difference of the fractional terms ; then 
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m the tom it to the difference, to if 100 to the 
number which is required, and to which the 
arms and oentre bar must be set. For example, 
to reduce a {dan one-third— 

3+1*4; 3-1*2. 

Then as 4 : 2 : : 100 : x (number required) 
x = 50. 

Then the arm oarrying the tracer is lengthened 
and set to its division, 60. The centre bar is 
set at its division 60 (on the pencil side of its 
zero), and the pencil ann is shortened and set 
to its 60 division. For enlarging a plan the 
pencil and tracer must lx* reversed, but as with 
the pentograph, all errors are magnified, and the 
instrument snould not be used for enlargement. 

The only adjust ment which may be put out 
is the parallelism of the arms A and H. This 
is corrected by placing all the verniers to zero, 
and the arms at right angle* to the centre bar C. 
Make a mark with the tracer and the pencil 
jK»inU, turn the instrument half round. The 
tracer point should fall into the mark of the 

S encil, and the pencil point into the tracer mark. 

hould this not occur, adjust by means of the 
screws (S) on the steel band until coincidence 
take* place. 

The Level. There are two form** of levels 
used in ordinary practice, Isnng the “ Y ” and 
the Dumpy. With the former the telescope is 
supported in ** Y’m m (from which it can be 
removed and reversed in position), fitted to 
either end of a straight bar, one end being 
hinged and the other provided with a screw 
with nuts, by means of which the position of 
the telescope can lie adjusted with reference to 
the vertieal axis. 

The Dumpy is similar to the “ Y ” level, but 
the bar ana supports arc rigidly fixed to the 
vertical axis. The illustration [28] shows a 
dumpy level. The body of the telescope is con- 
structed of a pair of tubes (fitting truly cylin- 
drical and straight) that slide in and out freely, 
being operated by a rack and pinion (/?) enabling 
tlio image obtained by the objective (0) to be 
focussed by the eyepiece ( E ). The telescope is 
fitted with a diaphragm (/)) carrying crosshairs 
capable of adjustment by the screws ( d ) provided 
for the purpose. This enables the plane of the 
horizontal crosshair to be brought to coincide 
with the plane of the line of colli mati on {AB\ 
which is the central horizontal axis of the tele- 
scope. A spirit level is attached to the top of 
the telescope and a screw (b) with locknuts is 
provided to enable the bubble to be adjusted 
so that it works in a plane parallel to that of 
the line of collimation. The telescope is 
attached to a bar (L) and the whole is 
fixed rigidly to the vertical axis (F) of 
|j the instrument Parallel plates (if N) 

41 4 with four 

J thumb- 
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provided to enable the hurtanunent to be eet 
level. The whole instrument is attached by a 
screw socket (8) to a tripod. 

To prepare the instrument for working, first 
set it firmly on the ground, 
approximately levelling it 
with the eye, and the lower 
of the parallel plates, then 
turn the telescope over two 
of the screws (p) and simul- 
taneously turn them inwards 
or outwards, according to 
the travel of the bubble. 
By this operation the bubble 
is brought to a central posi- 
tion in its tube. Then turn 
the telescope over the other 
two screws, manipulating 
them as already explained 
until the bubble is again 
central. These operations 
must be repeated until the 
JHL bubble remains central 
I whatever the position of the 

telescope. 

Adjustment*. The 

adjustment for the bubble 
of the spirit level is made 
by altering the locknuts and 
screws(6). Should thebubble 
be out of centre, tighten or 
loosen the screw till the 
error has been reduced by 
half, re-level the instrument 
by the parallel screws (p) as 
previously explained. Should 
any error still remain, repeat 
the operations until the 
bubble is central. 

Next adjust the line of 
collimation so that it is 
plane of the bubble. This 
be effected by means of the 
collimation screws (rf). These raise or lower the 
diaphragm jD, which carries the crosshairs. 

Set the instrument up on fairly level ground, 
midway between two pegs about three chains 
apart. Take readings on a staff placed first at 
one peg, and then at the other. These readings 
ve the difference of level of the two pegs, 
ext set the instrument up nearer one staff than 
the other, and again take readings. Should any 
error be found between the readings, taken 
when the level was midway between the points, 
and when it was closer to one than the other, 
it proves that the line of collimation requires 
adjustment by raising or lowering the diaphragm. 
These operations must be continued until the 
error has been eliminated, then the line of sight 
is parallel to the axis of the bubble. 

Levelling, The art of levelling consists 
in ascertaining the differences in the heights of 
objects. In this country the Ordnance Survey 
Department has determined the level 
of points all over the country, which 
we called Bench Marks (O.B.M.). Their 
positions are shown on the Survey maps 
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parallel with the 
adjust ment may 
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and on the spot by 
a symbol in the form 
of an arrow. Their 
▼alues are given in 
terms of the approxi- 
mate mean tide level 
at Liverpool, which 
is taken as the datum 
line. The heights of 
the various points 
on the ground are 
determined by tak- 
ing readings with 
the level on to a 
graduated staff, 
which we will now 
describe. 

The Level 
Staff. The level 
staff [29] is generally 
made 14 feet long, 
being divided into 
throe parts . which 
telescope into each 
other. When closed 
up the staff is about 
five feet long. To 
prevent inaccurate 
records being taken 
by the staff not 
being properly ex- 
tended, spring 
catches (r) are fixed 
to the joints of the 
staff. These catches, when locked, prevent any 
further movement. The staff is divided up inlo 
feet and T ^ n of afoot. The left-hand figures let tered 
(«) are in red and represent feet, the right-hand 
figures are black and represent x ' 0 foot or 010, 
the smallest subdivisions being r J MI foot, or 0 01. 
Taking an example : The crosshair of the level 
cuts the staff at BB % so that the reading is 4*4o, 
as the red figure five (for feet) is al>ove this 
point, and the black five (for tenths) is just above 
it. The staff holder has to be careful in his 
work. The staff must be held quite vertical, 
and to do this on sidelong ground a plumb l>ob 
is sometimes used. If the staff be held out of 
truth laterally, it can be detected by the vertical 
wires in the level. To ensure the staff being 
held vertically, a simple plan is to move the staff 
slowly back wards and forwards, and the lowest 
reading that is got by the intersection of the 
horizontal ware of the level will be the correct one 
to book. 

In choosing the place in which to hold the 
staff a firm spot is taken, and it is well to have 
a small piece of Blate to place on the ground, 
for the staff to rest on and prevent its sinking 
into the ground. It also fixes the point where 
one reading has been taken, and ensures the 
staff being held at the same spot for the next 
reading. The purpose of levelling may be to 
obtain the level of one point writh reference to 
that of another without any direct measurement 
to connect the two. This is frequently the case 
when it is desired to check points already set 
not* and it is termed flying levels* The route 


taken to obtain these should be one that involves 
the least amount of levelling liotwwn the {stints. 
In all levelling o|H*rations it is essential that the 
work should U‘ cheeked, either by finishing up 
on a bench mark whose level is known, or else 
by returning to the starting- js>int, when the last 
reading, when reduced, should give fhc same 
level as that entered in the field l»onk at starting. 
On the other hand, if it Is* necessary to plot 
an aocurate section of the ground, it Incomes 
necessary to chain between the joints, and to 
take the various levels of {stints on the chain 
line ns the measuring proceeds. 

Th© Operation of Levelling. In com- 
mencing ojs'rations the level is set up at some 
convenient place where may be obtained a 
good view of the first point, which will fas a 
lieneh mark, whose level is known. The jsmition 
selected must also give a good view of the 
direction in which it is intended to proceed. 
The level having been set up, the staff is held 
on the bench mark, and the position where the 
horizontal wire cuts the staff is noted, and the 
reading Isjoked in the Back Sight column. The 
staff is then moved forward, and held in the 
new position, and the reading taken, and entered 
up in the Fore Sight column. 

The difference of these; two readings will give 
the difference in the level of the liench mark 
and that of the ground where the staff was held 
in its new position. The level must now be 
shifted (the staff, however, remaining) and set 
up in its next position ; a reading to the staff is 
then taken and entered as a back sight. The 
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reason tor this will be apparent cm inferring to 
the iftustestioii [SO]. 

The level having been set up at B f a reading 
ie taken on the staff at A, the ground level at 
which point is known, and this is a back sight. 
The staff is then shifted to C 9 and a readingat 
this point is taken, this being a fore sight. The 
difference of these two readings fixes the level 
of V with regard to A. If then the level be 
moved to another point D (the staff remaining 
at (') a reading can lx* taken to C (which is now 
known), and the staff can then be moved, the 
jxwfion of the level being now fixed with regard 
to (\ and another position of the staff can be 
arranged. 

Intermediate Readings. In the event 
of the levelling being required for some particular 
line of route (as, for instance, for tne centre 
line of a railway), to enable the section of the 
ground to be plotted, it will probably be neces- 
sary to take a number of readings with the level 
set up in one }x>*ition. Then, a« before, the 
first reading at starting, token after the level has 
boon set up in o new position, is enteied as u 
baek sight, and any intermediate readings, with 
the level in the same position, are onion'd in 
the eolumii proMdeil for that purpose in the 
field Ikk > k 


j. obvious thM ti>e ground mart bu ^ e al'ldu i Wf, 
m the difference of these two reMfinp is <»fcsred 
up in the fail column, tod it subtracted from 
the reduced level of the tat point, giving * 
reduced level of the ground at the new point of 
153-68. 

It must be remembered that when the 
following reading is greater than the previous 
one, it is a fall ; the difference must be entered 
in the column provided for that purpose, and 
subtracted from the previous reduced level. 
When the following reading is less than the 

C revious one, it is a rise . The difference must 
p entered in the rise column, and the amount 
added to the previous reduced level. 

In order to check the page, to see that no 
errors have been made, the difference of the 
sums of the back sights and of the fore sights 
must equal the difference of the sums of the 
rises and falls, and these two differences must 
equal the differences of the reduced levels at the 
commencement and the end of the page. On 
reference to the example it will he seen that 
these amounts equal 48*74. Another way of 
keeping the Held book is that known as the 
Colhmntiun method, or H.P.C. (Highest Plane of 
Collimation). 

The Collimation Method. A book 


Riae and Tall. Figure 31 is a page 
of it level field Itonk kept on what is known 
ns the Ht*t and Full method Referring to 
I his example, it will Ik* seen that the find 
reading U 30 is a bark sight; the stuff was 
then held at tin* lieginning of the section line, 
and an intermediate reading taken of 1 1 'HO. 
As this rending is greatei than the Hrst one, it 
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kept in this way is shown in 32. The hack 
sight is added to the reduced level of the first 
point. This gives the reduced level of the 
collimation line of the telescojte. All other 
readings are subtracted from this, until the level 
is shifted, and another liaek sight is taken ; this 
is addl'd to the reduced level of the point at 
which it is taken, and all other readings are 

. subtracted as before. This 

I method of keeping the book 
ff9Sr is more rapid than the “ Rise 

and Fall ” method, because, 
i i ■— ■— to keep the book checked in 
„ the field, it is necessary only 
1 ^ to deal with the back sights 

— *nd fore sights, the inter- 

® mediates being ignored, unless 
theyare necessary for establish * 
ing any particular point. 

Care, however, must be 
taken in reducing the inter- 
u J mediate levels, as there is no 

check on them for arithme- 
tical errors. If at the end of 
a page of levels the last 
reading is an intermediate, it 
must be entered as a fore sight, 
and on turning the page, the 
same reading entered as a 
back sight on the top of the 
“7 W- Ibe distance 
c ^ w column is the same in both 
methods, and is used for put* 
ting in the various chainages. 
When it is necessary to take 
cross sections on lines at right 
angles to the main section 
line, poles are ranged out at 

right angles to the left and 

Method right of the line. These are 
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Imfcr taken »t the 

y g fj ffl i Outfi t 

figure S8 shows ho w 
the book is kept It 
will be seen that 


symbol* ere placed 
against the various 
chain points to show 
at which side of the 
section the levels 
have been taken. 

Curvature, In 


the preceding notes 
it has been assumed 
that the surface of 
the earth iB hori- 
zontal, and that the 
readings on the staff 
obtained by the bi- 
section of the col- 
limation line of the 
level are the true 
ones. This is practi- 
cally so for ordinary 
purposes. Where, 
however, extremely 
accurate work has 
to be done, and 
where long readings 
have to be taken, 
some correction is 
neccssaiy to allow 
for the curved sur- 
face of the earth. 
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The true figure of the earth is spheroidal, hut 
for the purpose of correction for curvature it is 
assumed to be* a sphere, the mean diameter of 
which is approximately 7916 miles. 

Refraction. This correction for curva- 
ture is partly neutralised by what is known as 
44 Refraction,” due to the atmosphere. No 
absolute value can lie laid down for this, as it 
must vary according to climatic conditions. A 
good practical rule is to take it equal to one-sixth 
that due to curvature. In any case, the error 
due to curvature and refraction is eliminated if 
the distances of the back sights and fore sights 
from the level are made etfual. At distances not 
exceeding 10 chains the error is so small as to 
be negligible. 

Care must also be taken to ensure the staff 
being held vertical and on firm ground. This 
caution applies also to the position chosen for 
setting up the instrument. Great care must be 
taken in reading the staff, as individual errors can 
only be determined by independent checking. 

When the reduced levels of beneh marks ore 
being used, too much reliance must not be 
placed on the accuracy of the value given them, 
and independent levels should bo taken between 
them to confirm their values. It is also useful 
in all operations to make temporary bench 
marks, by reading on to some well-defined 
points at intervals on the route, thus preventing 
the necessity of going back to the original 
starting point in case of erro r s. 

To bo c onti n u ed 

m 



tel THE ROOM FOR BRAINS IN iNS^litf 1 * 

Some Openings for Men with Idem Staple Probtemr which the Inventive map 
Solve. Channels by which Old Enterprises may Develop nod New Ones Arise 


By ERNEST A. BRYANT 


LYAVING considered some of the achieve- 
* 1 menu of men of ideas, it may be profitable 
to glance at a few of the more obvious avenues of 
progress for the benefit of the inventor and the 
community at large. We shall consider larger 
schemes in their place ; here we shall merely 
direct attention to some of the minutiae of our 
daily wonts. 

SparKs from Steam-engines. Wo 

must all bow to the dictum of the philo- 
sophers who tell us that we cannot summon an 
idea to birth. But the history of meehanical 
invention teaches us that demand is not uncom- 
monly followed by the production of the thing 
desired. The Nasmyth hammer, like the many 
ingenious appliances with which Sir John Aird 
built his great bridges, came into existence to 
meet the urgent need of the hour. There must 
be many Nasmyths, many AircK in the world 
to-day. Certainly there remains abundant scope 
for the exercise of their genius. 

Does it not seem incredible that man, who 
can take the raw iron out of the earth and 
fashion it into a mighty engine capable of 
drawing hundreds of tons *nt the rate of 
sixty miles and upwards per hour, rannot 
devise the contrivance necessary to arrest and 
extinguish the H|uirks which arise from the funnel 
of the locomotive ? Experiments are in pro- 
gress while this is lieing written, but the solution 
do<* not seem to be yet at hand. Since the first 
locomotive was created there has been a con- 


stant menace from tire to properties adjoining 
railway linos. The New Zealand Government, 
more practical than others, offered years ago 
a bonus of £3,000 for the production of this 
contrivance. That offer still, apparently, holds 
good. 

The Full Value of Coal. There are, 
of course, many larger problems in the same 
field. The man has yet to arise who will 
teach us the means to extract full value 
from the coal we hum. It has been computed 
that whilo it took thirty years for 100,000 men 
to build the Pyramid of Cheops, we have each 
year to win from the earth a hulk of coal suffi- 
cient in dimensions to build two hundred of 
such pyramids. And six-sevenths of that coal 
is wasted. Edison tells us that, properly used, a 
bucketful of coal should drive an express from 
Ixmdon to Manchester, and a few tons send a 
steamer across the ocean. So long, however, 
as we permit practically the whole of the energy 
in our fuel to escape as waste, so long must we 
go on burning tons where pounds should suffice ; 
and so long must we expect to see the atmosphere 
of our great cities dulled and deadened by the pall 
of smoke arising from their myriad furnaces. 
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The question of smoke-consumption is another 
which claims attention. Invention after inven- 
tion has been recorded at the Patent Office, but 
still our industrial centres lie grimy and hideous 
beneath their black mantles ; and London fogs, 
with coal smoke as the dominant constituent, 
represent each year a loss of many millions 
sterling to the community, to say nothing of the 
sacrifice of life involved. Who shall deliver us 
from the thraldom of the fog for which London is 
notorious ? Sir Oliver Lodge has in mind the 
germs of a great invention to this end, but 
whether his duties in other fields of activity 
will permit him to work it out is greatly to be 
doubted. 

Lights in Tunnels. Every omnibus con- 
ductor has now his little portable electric 
lamp-— a contrivance which fifty years ago would 
have lK*en deemed an impossibility. Is it too 
much to hoj>e that some day a man of ideas 
will give us a light upon a bigger plan which will 
pierce the fog, if not dispel it, as we take our 
way by train, by motor, or by steamer? Ex- 
perimental investigation is tending towards 
this desirable consummation ; there is ample 
time for the right man yet to make up his mind 
to be first to arrive — and do so. 

Some little time ago a railway worker dis- 
covered a method of economising coal while 
developing a greater head of steam upon the 
engine he drove. He was fortunate enough to 
find a sympathetic board of directors who put 
his scheme at once into ojieration. A good many 
years earlier a man of a like cast of mind 
published particulars of a scheme for lighting 
tunnels upon railways. His plan was for an 
installation of electric lamps, which w'ould be 
automatically kindled the moment the flange 
of the wheels came in contact with a certain 
mechanism. When the train passed out of the 
tunnel, the lamps would be automatically extin- 
guished. It was pronounced by experts simple 
and feasible, hut we still ride, often enough, in 
lampless trains, through pitch-black tunnels. 

Little Things to be Invented. The 
lighting and ventilation of tunnels offer fields 
worthy the attention of the inventor. The 
desire to gain more leisure for play induced a 
youth to fix the first automatic valve upon an 
engine ; an act of which he thought nothing, but 
which revolutionised the whole science of steam 
engineering. Perhaps some genius, held up in 
an unlighted tunnel, and so debarred from 
reading his Self-Educator, will be inspired to 
solve the problem ; as Edison was driven by 
want of light to invent the incandescent lamp. 

So many things the world needs, that instead 
of pausing to marvel at what has already been 



Oat n mb 
toft oafeM. We ika* «pd vm by 
mohiaflty, we kybrickt end mike matches by 
mdhumy ? yet we have to paper our walk by 
bund* just m they always have been papered 
«oe this method of daoemtaon was first adopted 
Who that has bad a breakdown on a bicycle or 
motor-car has not yearned for a “monkey- 
wrench ” which could be adjusted in an instant ? 
Why, as domestic servants are able to sweep 
carpets by simple little mechanical sweepers, 
should they not he able to scrub a floor as easily 
and well T Such a machine would save infinite 
labour, and, incidentally, prevent many oases of 
“ housemaid's knee." There are many excellent 
fountain pens on the market. We want one 
still better ; one which can be filled with ease, 
and which will not soil our hands and clothes, 
and make disfiguring blots by overflow of 
ink. 


The New Typewriter. Handwriting 
will soon become the pastime of the writer of 
private letters. We want simpler, cheaper 
typewriters. Typewriters cost to-day prac- 
tically as much as they cost when first in- 
vented, yielding an enormous profit to those 
that have the monopoly. The man with 
genius for the task will give us a machine for 
which the paper need not lie changed every few 
minutes ; for which the 44 carriage " has not to 
be returned by hand ; and, most important of 
all, so easy of manipulation that the nerves of 
the operator, and those of the people about him, 
may be spared the irritation and strain which 
the clatter and rattle of the present noisy 
machines cause. We want a typewTiter which 
shall be practically silent in operation and shall 
not “ jar " the hands and arms of the typist. 
There is a world-wide market for a machine of 
this description. 

Baths for Every House. Our fore- 
fathers were not extravagant in the direction of 
baths ; they left that to the “ heathen " East, 
where cleanliness is next to godliness — is, in fact, 
an essential preliminary to worship. We of the 
present generation have not made a sufficiently 
material advance in the provision for the where- 
withal for ablutions toentitle us tomake any boast. 
The poor man returning from his dirty, perhaps 
noisome, toil, if he need a bath, must take it in 
whit he calls the 44 houseplacc " — t.e. the general 
living room, or go un bathed. An attempt has 
been made to introduce a bath into cottages by 
sinking it beneath a detachable floor. Human 
ingenuity should not be exhausted by this effort. 
No plans for the building of cottages should be 
passed which omit a full-sized bath. The ques- 
tion of water supply may be a serious one ; we 
need some simple little reservoir in which every 
oottager may conserve a proportion of the rain- 
water which now runs to waste down his drains. 

The Need of the Dentist. Dentistry 
is a much more ancient art than some of its 
professors realise. They knew how to extract 
and 44 stop ” diseased teeth in ancient Assyria, 
Egypt, Phtenicia ; and they made artificial 
teeth three thousand years ago. Then men 
forgot all they had learned, and hundreds of 


yam wm to danse before dentistry became 
«*dted out of the keeping of barber and ebwn, 
Bren now, it is only m its infancy. Men with 
many degrees would feel highly aggrieved if 
their patients told them frankly what they 
thought of their work. After allthe labour ana 
study which dentists have devoted to their pro- 
fession, it remains a fact that while their wool is 
of the highest importance to the health of their 
fellows, it is carried out at a great cost in suffer- 
ing to the patient. Given the assistance of a 
good anaesthetist, any clumsy fellow can extract 
the tooth of a healthy patient ; it is the preven- 
tive dentist, so to speak, who renders us the 
greatest service. And his methods are bar- 
barous. The 44 stopping " of teeth is the most 
painful operation, the most trying to the nerves 
to which a sensitive person has to submit. The 
call is for the man who' can drill and (ill a tooth 
as painlessly as he can extract another under 
gas ; and who can furnish a filling which shall 
be not so expensive as gold, yet capable of with- 
standing the disintegrating action of saliva. 

The Mechanic*! Side of Book*. In 
the book world fortune awaits the man with 
ideas. Reference is made, not to authorship, 
but to the mechanical side of production. Paper, 
covers, and method of binding are all o\m\ to 
attack. At present we have not a paper which 
will satisfactorily reproduce a photographic 
block unless the surface lie so highly burnished 
as to make reading intolerable, or so heavily 
charged with clay as to make the book weigh 
pounds instead of as many ounces. What is 
wanted is a good, light paper, with a smooth 
surface which will reproduce pictures equally 
w'ell w ith letterpress. For covers, a substitute 
is needed for the straw' board or millboard now 
commonly in use. As to binding, then* arc two 
avenues open to the inventor. The simpler one 
is to find a way of stitching the periodicals, so 
that they may open out flat, instead of, as is now 
the case, shutting when released for a moment 
by the hand, as if actuated by a spring. The 
ono evil of modem magazines is the way in which 
their pages have to be wired together. 

Book-binding by Machine. There is 
a larger problem in the binding of books. If 
machinery can convert a pig into sausages; pro- 
duce boots from strips of leather; turn out matches 
ready-made and boxed ; set up the type and 
print a paper at the rate of ft 0,000 an hour — if 
machinery can do all this and a thousand other 
wonderful things, why cannot it also stitch the 
pages of a hook and fasten on its covers ? There 
is no other reason than that the necessary 
machine has not yet been devised. 44 Impos- 
sible,” says the man who has not given thought 
to the project. 44 Preposterous," they said when 
Faraday was toying with the needles which were 
to give us the electric telegraph. 44 Madness l 
Impossible for a steam-engine to work except 
upon a solid stationary base,” doclared the 
President of the Royal Society, when the prin- 
ciple of the first steamboat was explained to him. 
For long machine builders wanted a machine 
which would uproot potatoes, 44 top " and tie 
them up in tacks, and for long they declared 
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mb » n»6liine impossible. But ft family of 
Yorkshire farmers have made such a machine— 
out of scrap-iron, beaten into shape in their 
own little foige. So that those who look for a 
machine with which to bind a book need not 
wholly despair. 

Many men have made fortunes from boots. 
Not all have deserved their gains. Man must be 
shod, so submits to the style and fit imposed. 
But we are no better off in the matter of comfort 
than were our forefathers of long ago ; indeed, 
we do not fare so well. It is still the case that 
our feet have to fit our i>oots, not the boots our 
feet. A fashion in shapes is arbitrarily fixed, 
and the foot must conform to it, whether it be 
broad or narrow, long or short. Boots made by 
the careful man from one's own last have to he 
grown into, as it were. The lalmrious lacing of 
boots should not lie necessary. We cannot go 
back to the unventilated sidosprings, and no 
buckle has yet proved satisfactory. There is 
abundant scope here for the inventive. Papier* 
mach6 proves impervious to the weather when 
employed as a material for houses ; might not 
it make a good substitute for leather ? 

Better Shoes for Horse*. Horses, too, 
might lie better shod. A scandal of daily life is 
the strain to which these friends of man arc sub- 
mitted in their attempts to got a foothold upon 
the glossy asphalt over which they have to drag 
their loads. After all the ages during which horses 
hove lieen shod, the farrier should lie capable of 
something hotter than a crescent of smooth iron, 
which, while suving the hoof to a certain extent 
from the effects of the “ hammer, hammer, 
hammer on the hard high road," causes the hoof 
to break away around the many nails which 
must tie driven into it in the course of a horse's 
carwr, and, at the same time, does not enable 
the animal to get any real purchase upon a road 
which is at all smooth. Horse -masters should 
lend encouragement, too, to the man who will 
turn out a cart capable of being nicely adjusted 
when a heavy load is to lie carried. The right 
position of a load for uphill is wrong for down- 
hill, and rice vtrsd ; but present-day carts admit 
of no alteration, and so our horses' withers are 
wrung. Years ago a man produced a mechanism 
which enabled the driver, by the turn of a lever, 
to bring forward or force tick the body of the 
cart, so as to balance the load and ease the 
horse uphill and down. But the invention, 
simplicity itself, and perfectly efficacious, has 
never come upon the market. Perhaps it was 
too manifestly humane to succeed r* a more 
drastic form of bearing-rein might have been 
more acceptable. 

A man with a bent in the right direction might 
do something to improve the umbrella, which is 
now as it has been through all its long history, 
nothing but a shelter for the hat. Tauors who 
give us " waterproofed ” oloth for our coats 
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preparation. To keep the ehooldsni and kneel 
immune from damp is very desirable, but drill 
seises one just as readily from damp trouser-legs. 

The Automaton. Upon every tram, 'bos, 
train, and other vehicle we ought to have a post- 
office ; in every important thoroughfare there 
should be a public office in which one could see a 
directory upon payment of a penny. Telephone 
call offices ought to be multiplied in all streets 
and public places. Automatic buffets similar to 
that in the Thames Embankment Gardens 
should be in every public park and square lying 
upon the route of the poor. The automatic 
buffet is one of the institutions of the future. 

Such are a few of the directions in which the 
inventive may turn their attention. There are 
many more, though not all appeal so directly to 
the individual. Every pillar-box should be a 
local guide, telling not only, as some now do, 
the time of next collection and address of post- 
office ; hut the address of police-station, fire- 
station, and so forth ; ana, further, should 
supply, on the automatic plan, all requisites for 
a letter. We may even hope some day to see 
pillar- boxes developed so as to automatically 
receive telegrams, to be dispatched by the sender 
by pneumatic tube to the nearest telegraph- 
office. 

The Children. There is a fortune for the 
man who evolves an entertainment for children. 


Not all parents desire to take their children 
to pantomime or circus. The former is not 
invariably the most delicate form of entertain- 
ment extant ; the comedian who can always keep 
humour and vulgarity apart is not found on every 
stage. The circus frequently becomes wearisome 
to the child. The children want their own Gros- 
smith ; the man who will sit down on the plat> 
form and tell them the prettiest stories in the 
world, sing them dainty little songs ; and have 
upon his programme an item or two of the 
frankly “ funny ” character, but rigidly mindful 
of propriety. To such an entertainment one half 
of London would take its children, and country 
cousins would accord it as definite a place 
upon their programme as the Abbey and 
St. Paul's. y 

The child at home, too, is worth cultivating. 
We want more games — games with some pur- 
pose, which teach a little as well as amuse. There 
are millions of pounds in toys and games. Origi- 
nality in Christmas crackere, a departure from 
caps and inane doggerel, is a feature which is 
developing, but there is still room for a tremen- 
dous advance. 

Every trade and profession and vocation is 
overcrowded, we are told by those who are in 
them. As a fact, however, there is not a walk 
in life in which men and women of ideas may 
not launch out upon new lines, and gain wealth 
and reputation. 
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By Dr. GERALD LEIGHTON 


How to Study Biology. We now come 
to consider the question of the methods of 
study in biology. How are we to set about 
our inquiry into the various aspects of living 
creatures ? What methods are we to employ 1 
For our purpose those methods may be summed 
up in the statement that we shall endeavour to 
ascertain how living things resemble each other 
and differ from each other, and especially how 
these differences are brought about. Our 
study of life is mainly that of likenesses and 
unlikenesses, their origin, development, trans- 
mission, and evolution. It is a study, therefore, 
partly of structure, in so far as we compare the 
structures of animals ; partly of function, in so 
far as we compare the various ways in which the 
structures perform the tasks of life. If the 
matter be probed to the bottom, it is seen that 
as a matter of fact an animal can only resemble 
another or differ from another in one or both of 
these ways. All other distinctions dc]>end ulti- 
mately upon these. 

The most casual observer cannot fail to notice 
that there are likenesses and unlikenesHos in 
animals. Watch a cat at play, and we are 
immediately reminded of a tiger. Observe the 
flight of a bat in tbe evening, and that of a bird 
is at once suggested. The environment and 
motion of a whale seem to be those of a fish, and 
so on. These points of resemblance are quite 
obvious, but many resemblances are, on the other 
hand, only discovered after most careful com- 
parison and study. Not only so, but there are 
different kinds of likenesses as well as different 
degrees. One part of one animal may be like 
that of another in its structure, but quite dis- 
similar in function ; while, on the other hand, 
two widely differing structures may perform 
identical functions. For example, the wing of 
a bat and the wing of a bird are both used 
for purposes of flight ; they perform similar 
functions. Moreover, they are structurally 
somewhat similar, differing in detail. But 
the wing of a bird and the wing of an insect, 
although both alike are for flight, have nothing 
in common as regards their structure. In other 
words, we find that likenesses are due either to 
parts exhibiting homology or analogy, the 
difference between these beingvery important. 

Homology" Defined. Homology is de- 
fined as “ identity of structure in parts or organs, 
independently ot function.” Thus it makes no 
difference whether a structure is used for walking, 
climbing, swimming, or flying: if it be identically 
of the same structure it is an example of true 
homology. The part is a homohgue of some 
other part with which it is compared. Thus the 
arm of a man, the wing of a bat or bird, the 


flipper of a whale, and the pectoral fin in some 
fish, all being built upon the same morphological 
type, are said to be homologous. The import* 
ance of noticing homology where it exists is 
this, that homology points to a common origin 
of the structures, ana is therefore of great con- 
sequence in classification. It is of no significance 
from this stand point that the arm of a man and 
the wing of a bird are used for different pur- 
poses ; they are built upon the same fundamental 
plan, and are therefore homologues. It follows 
from this that structural likenesses are by far 
the most important guides to classification, the 
functions of similar part* being so very dissimilar 
as to put function out of court as a reliable 
guide to classification. 

Analogy. On the other hand, we find 
difjeri'nt organs in different animals engages! in 
the performance of the name functions, and such 
organs or parts are said to lie analog* at* uith each 
other or analogue*. Analogy in biology, there- 
fore, means “ identity of function quite imle|>en- 
dcntly of structure.” Thus the wing of an insect 
and that of a bird are analogous organs, Inith 
l»eing used for flight, but they have nothing in 
common in their structure. They have no 
common type of structure, but perform similar 
functions. But it must not l>c forgotten that 
in many cases analogous organs have more than 
this superficial resemblance of similar function : 
they arc often constructed upon the same 
structural plan, in which case they are both 
analogous and homologous. Thus the leg of a 
man and the hind leg of a dog. being built upon 
the same type and used for the same purpose, are 
both homologous and analogous organs. 

Ctaaaiflcation of Living Cronturoo. 
The next point for consideration is that of 
classification of living creatures, which is a 
matter of convenience of description and refer- 
ence. This, again, is founded upon morpho- 
logical likenesses and differences, the? result being 
the arrangement of a number of very diverse 
living objects into a number of smaller or larger 
groups, according to their greater or less struc- 
tural resemblance to each other. A system of 
classification on these lines is good or bad 
according to the nature' or number of the 
characters which are taken as determining the 
likenesses. There can be no hard and fast rules 
laid down. Classification is not a product of 
nature, but of the human mind ; it is useful and 
convenient — indeed, a necessity, but purely 
artificial. The term “ artificial ” is, however, 
restricted to systems of classification which 
depend entirely or chiefly upon external and 
superficial resemblances. Thus, according to an 
artificial classification, a whale would be placed 
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upon the name footing and in the same group aa 
a fish, in spite of the fact that it differs from a 
Bah in cveiy essential point of structure, simply 
because it so happens that it lives in the water. 

Natural Classification*. So unsatis- 
factory are such “ artificial ** classifications 
that biologists have given them up altogether 
and adopted what they term natural classifica- 
tions, which endeavour to group ereatures into 
divisions defending upon a due consideration of 
all the essential points of structure presented by 
animals, apart altogether from the external 
shape of the animal or its habits and surroundings. 
When looked at. in this way, a whale is found to 
1)0 one of the mammalia and not a fish at all, in 
spite* of its sha|N* and aquatic habits. Such a 
natural or philosophical classification involves 
due consideration of true resemblances and 
differences which, ns we have; seen, dejnmd upon 
similarity of structural tyi>o. The more perfect 
such a classification is, the more information it 
gives. Thus, if a whale were* classified as a fish, 
all that would Ik* expressed by that would be 
that its body was fish-like and its habits marine ; 
whereas by placing the whale among the 
mammals, we are told at once that whales have 
their young Imm in a eomjwirati vely helpless 
state, that the mother has sjH*cial mammary 

lamb* for the nourishment of offspring, and that 

airs an* found on some part of the body, 
characters which no fish presents. In a word, 
classification de|H»nds u|hiii a careful discrimina- 
tion l)etw<*on homologies and analogies, likenesses 
of analogy alone In’ing entirely disregarded, 
likenesses of homology U*ing relied upon as the 
only Nafe guide to affinities. 

A Specie*. Having clearly groRjiod these 
essential principles of classification, all that is 
necessary hen* is to take an example and show 
how the principles arc applied. Before doing so 
it may Ik* well, however, to say a word about 
that much-discussed term a species. The animal 
kingdom is subdivided into sub-kingdtnns, these 
into classes, them* into orders , these into families , 
these into genera . and finally these into syxeies. 
A species is the smallest definite division of 
animals that naturalists accept, each species or 
** kind " of animal resembling all its individual 
members in all essential characters of structure 
and being able to bn*ed amongst themselves so as 
to produce similar individuals to themselves. If 
a number of such individuals have some pecu- 
liarities in common, they are termed a variety, 
and if them* peculiarities are constantly present 
in their offspring, these are sometimes termed a 
race. Thus all dogs belong to one species, the 
species Cants, although then* are many varieties 
of dogs. To distinguish a variety from a species 
is sometimes a matter of very great difficulty, 
simply because nature does not divide animals 
in this way at all, though man does so for con- 
venience sake. 

The classification now adopted by naturalists 
will perhaps lie better understood if w e take an 
actual example, and see how it is applied in 
practioe. If wo regard the domestic dog, with 
all its subordinate varieties, as a single species, 
we have to notice in the first place that it is 
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technically known by a double name, and is 
called the Cants famiUaris. All species are thus 
known by “ binomial ” designations, the second 
name being like a man's Christian name, and 
being distinctive of the inditidual , whilst the 
first name is like a man's surname, and indicates 
the group or, technically, the genus to which 
the individual belongs. 

An Example of Classification. The 

dog, then, whilst individually recognised by the 
epithet famiUaris , belongs to the genus Cants , 
in which are included other related species, such 
as the wolf (Cants lujms) and the jackal (Canis 
aureus). The genus Canis , again, belongs to the 
family Canidce , including other genera, such as 
the foxes ( Vulpes). The family Canidce , again, 
is one of a number of families, such as the lions, 
tigers, and cats ( Felidae ), the bears and racoons 
( Vrsidcp ), the hyaenas ( Hyaenidce ), etc., w r hich 
together constitute the order of the Carnivora , 
or beasts of prey. The carnivora, again, con- 
stitute one of many orders of quadrupeds which 
are distinguished by suckling their young and 
by other common characters, and which collec- 
tively constitute the class Mammalia. Finally, 
the class Mammalia is united with the classes of 
the birds, reptiles, amphibians, and fishes, to 
constitute the great primary division of rertebrata 
or vertebrate animals ; since all these classes 
agree with one another in the fundamental 
character of possessing a backbone or vertebral 
column, or an equivalent structure. Condensing 
the aliove, the zoological position of the dog, 
expressed in full, would be as follows : 

1. Sub-kingdom: Verlt- 4. Family: Canid a. 

brata, 5. (Jenus : Canis. 

2. (lass: Mammalia. C. Species : Canis 

3. Order: Camit'ora. famiUaris . 

In an ordinary way it is quite unnecessary to 
employ in practice any of the above names 
except the last or specific name , since that implies 
till the others. (Nicholson.) 

LiKenettea and Differences. When we 
apply all these methods of study of living crea- 
tures to any one form, in order to complete its 
description and classify it correctly, we begin 
with the simplest possible structural tests, and 
proceed to more complicated likenesses and dif- 
ferences. Thus the very first point that would 
arise w ould be the number of cells in the creature, 
whether one only, or more than one ; in other 
words, whether w*o were dealing wdth a uni- 
cellular protozoan or with a metazoan (as all 
many-oelled animals are termed). If the former 
were the case, the next inquiry would be 
directed to ascertaining whether there were any 
indication of specialisation of function in this 
single oell or not. 

We have seen that most unicellular organisms 
exhibit no real specialisation of function, all 
parts of the protoplasm acting indifferently as 
organs of nutrition, reproduction, and relation. 
Directly we come to deal with multi-cellular or 
metazoan animals, however, we find certain cells 
being set aside for the performance of special 
functions, the first sign of the higher evolution 
of organised beings. 



Th« Problem Restated . It is here 
that we come to the question of *■ How ? ” 
We have cleared the way to the study of 
this question in the preceding pages, and 
now approach the more interesting part of 
biology, which can only be understood, how- 
ever, after a due appreciation of the methods 
of study already described. In 
order to be perfectly clear, let us 
re-state our problem. What can 
we learn from biological science 
which will enable us to realise in 
some degree how living creatures 
have been produced in the in- 
finite variety in which we see 
them in the world ? Various 
methods of investigation already 
enumerated are open to us. What 
do they teach us concerning the 
continuity of life, and the origin and trans- 
mission of new characters in living creatures Y 
What do we mean by evolution, and how has 
it come about ? What is the meaning and 
significance of heredity, and how does it tell 
in the world ? Finally, how are all these all- 
powerful factors acting at the 
present time upon the highest 
product of evolution, Man him- 
self ? This is to be our study in 
the following pages. Without 
entering into technical detail, we 
may still hope to learn something of 
the infinite grandeur of the whole 
conception as it unfolds before us, 
and to rise from the study more capable 
of seeing life whole. 

In approaching the question of how 
the manifestations of life have come to 
tx> so many and so varied as we see them 
to be in the world to-day, to say nothing 
of vast numbers of living forms of 
bygone ages, the very first point which 
demands our attention is the manner 
in which the life of one generation is 
continued into the next. 

Continuity of Life. Everything depends 
ultimately upon this, and all the great bio- 
logical problems of variation, natural selection 
and heredity centre round the great fact 
that there is a continuity of life from one 
generation to another by means of the pro- 
toplasm of # 
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of a single -oelled organism into two separate 
individuals, by a simple prowuts of fisAon or 
budding [8 and 7 ]. The former process, fission, is 
seen in bacilli, in which a constriction appears 
about the centre of the cell and ultimately oivkies 
the rell into two. In these simple examples it 
is quite obvious that all the characters of the 
single-celled organism A or It 
(both of them being undifferen- 
tiated masses of protoplasm with 
no s|Mn‘ialisation of function) will 
lie present in the next generation 
a a and b b , their offspring. 

Except in their si/e at first, 
a a and b b are exactly like A A 
and B It as far as we can de- 
termine. They could hardly he 
otherwise, inasmuch as the latter 
produced the former by simply 
giving up part of themselves. In their turn, 
a a anti b o having grown to maturity, will 
themselves divide and thereby produce the next, 
generat ion with similar characters to a a and b b t 
as well ns to A A and B B. So like produces 
like, and unless then* were such a thing as 
variation in protoplasm, the 
offspring of A and It would 
never lie anything different in 
any respect from A and B. But 
leaving the question of variation 
for later treatment, the im- 
mediate point is that the con- 
tinuity of life depends upon the 

f »rotoplasm of one generation 
icing the basis of the appear- 
ance and growth (if all succeed- 
ing general ions, which therefore 
resemble nutre nr let*/* their an- 
cestors. 

A Race Dying Out. 

Such methods of pnxj no- 
tion as fission and budding, 
the simplest of all repro- 
ductive processes, are, of course, 
non -sexual. The unicellular 
plant is not specialised in this way. But a very 
little higher in the animal world we find organ- 
isms departing from this extremely simple mode 
of reproduction and exhibiting processes which 
foreshadow the true sexual method. Some of 
these single-celled creatures, if they Ixi separated 

and isolated 


5. HYDRA. 
SliKwiiiK— 

a. HjH*rn»-MacM. 

b. JiifM'hatw of 

e. Ovum. 


6. REPRODUCTION BY FISSION. 


the cell (in 
unicellular A 
organisms), 
or of the 

germ cells (in higher animals). Curiously enough, 
this fact — which is obvious in those lowly 
organisms which reproduce by simply dividing 
into two — has been recognised in the higher 
animals only within recent years. In modem 
biological literature it is spoken of as the 
“ continuity of the germ-plasm.” 

The various modes in which the continuity of 
life is made possible are, in other words, the 
methods of reproduction in living creatures. It 
has been already mentioned that the very 
simplest of these methods consists in the division 


B 


o 

Butt 


V 

7V* i mjirtdushk 


Staple cell 

7 , REPRODUCTION BY BUDDING, 
OB GEMMATION 

(m occur* In many plolmlar fttnRlc-ceUtxl 
orxatilMtnM). 


and doselv 
obse rved, 
are found to 
be limited in 
their powers 
of reproduc- 
tion by simple division. The time comes when 
they will no longer continue thus dividing into 
two. This comes gradually, after the offspring 
have shown signs of deterioration in size and 
activity, in fact, all the symptoms of a race 
dying out. 

This foreshadowing of more complicated 
methods of reproduction is of much importance 
nnd significance. The process is admirably 
seen in the simple little creature found fn an 
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Jalufkm of hoy water, known as Paromescium, (Hodge.) These half-way prooesees, If we may 
or the u dipper animalcule,** the latter name use the term, are of supreme interest to the 
being given on account of the shape of this student of biology. They bridge the gntfs 
organism. Paramcecium is just visible to the between the simple and the specialised, and it is 
nalced eye as a whitish speck. Under the because of their existence that we are forced to 
mterosoope it is found to have a complicated believe in the gradual evolution of the complex 
structure for a single-celled organism [4]. from the simple, and in the oneness of the great 

Tho Maintenance of Vitality. This plan which underlies the whole creation, 
little creature reproduces itself in two wayB, Steps in Evolution. We have now 
sexually and aaexually. The asexual reproduc- referred to reproduction in two of its modes of 
thm is a very ouick process, and consists simply occurrence, by simple division of a one-celled 
in a fission of tne cell transversely into two parts, organism into two as in an amoeba or a bacillus, 
this being preceded by a division of the nuclei and secondly as a rudimentary sexual act in the 
within the cell. The significant point is this: conjugation of ParamoBcium. Next we may turn 
that the asexual method just mentioned cannot our attention to another little creature termed 
go on indefinitely. If a single paramoecium be Hydra [5], in which we shall find still further 
isolated in a vessel by itself and allowed to repro- elaboration for the purposes of reproduction, 
duoe in this way undisturbed, it is found that Hydra is a fresh-water organism to be found in 
after a certain number of generations have been ponds and sluggish streams, frequently attaching 
produoed asoxually, some of the resulting offspring itself to some of the water-plants or other floating 
show signs of deterioration. They are smaller objects. It can be observed quite easily by 

than the first ones. If the process go on still simply confining it in a transparent glass vessel 

further, this result becomes more and more in which is placed some water- weed. One end 

pronounced, until ultimately the power of repro- of this creature is seen to be attached to some 
auction by this method disappears. In a word, object in the water, while the free end carries a 
it is neoossnry to introduce a new paramiecium number of minute tentacles just visible to the 
in order that what we term the vitality of the eye. 

protoplasm may ho maintained at its proper The reproduction of hydra is remarkable in 
standard of physiological activity. that it takes place in two distinct ways. During 

Two Sexes In One. If this bo done, a the spring and summer hydra reproduces itself 
very remarkable series of changes follows. What rapidly by an asexual process of budding, but 
appears to lie a process of sexual reproduction later in the year, when tne temperature falls and 

takes place. At any rate, conjugation of two food is more difficult to obtain, a very extra- 

individual paraimecia occurs, by means of which ordinary thing happens. A true sexual repro- 
an exchange of protoplasm is effected between duction takes place. “ At this period two little 
the two cells. It is the simplest case of sexual eminences appear upon the surface of the body, 
reproduction we know, and yet in its detail is one being conical in form and situated in the 
really somewhat complicated. The point to upper part just behind the ring of tentacles, and 
note is that two paramtecia come into contact the other lower down and somewhat rounded in 
by their ventral Surfaces, and that this is followed form. The upper one is the testis, and the lower 
by a series of changes in their respective nuclei one the ovary. The ovum or egg becomes 
during which each fuses to some extent with fertilised and undergoes an immediate pre- 
that of the other, after which the two organisms liminary development, by which the embryo 
separate from each other. The nuclei which becomes encased in a hard investment, and then 
unite are called male and female. On the com- it sinks to the bottom of the water, where it 
pletion of the process each individual divides, so remains dormant until the early spring of the 
that from the original two parent organisms four next year.** (Mudge.) 

individuals result. Two Phases of a Life-history- We 

“ The fundamental act in the whole series of have, therefore, a life-history of two distinct 
these complex changes is the fusion of the male phases, the one being that of a number of in- 
pronuoleus of one individual with the female aividuals which have been developed aaexually, 
pronucleus of the other. But as far as it is the other a number developed sexually. Hie 
possible to ascertain, the male and female pro- asexual parent produoes offspring aaexually 
nuclei are identical, unless the fact that one which develop sexual organs and reproduce the 
migrates while the other remains stationary can next generation sexually. These in their turn re- 
be considered a difference of any importance, produoe aaexually again, and so on. Hiis alteraa- 
There is, therefore, apart from this act of tion of an asexual individual with asexual one 
migration, no differentiation into a male sper- occurring in the life-history of a species is called 
matosoon and a female ovum. And there are an A Uernation of Generations. It is not uncommon 
reasons for regarding this phenomenon of the in the sub-olass of animals to which hydra belongs, 
fusion of identical masses, but derived from two It carries us one step further in the methods of 
individuals, as a rudimentary sexual act ; that reproduction, a process which in all the higher 
is to say, that in some such way as this sexual animals is carried out only by the sexual method, 
reproduction first arose. And we speak of thiB In that method certain oells, the ovum and the 
act as one of Conjugation in order to distinguish sperm, are set aside for the special prooess of 
it from that definitely sexual one where the male reproduction, and in their intimate structure is 
element can be distinguished from the female the mechanism by means of which the characters 
in virtue of its sise, form, and movements." of the species axe transmitted. 

882 To be continued 




COTTON FIBRES BO TIMES MAGNIFIED 




THE BEGINNINGS OF COTTON 

The Development of the Cotton Industry —continued. The Cotton 
Field. Cultivation and Preparation of Cotton for Shipment 


By W. S. 

South American Cotton. Resuming our 
study of the world's sources of cotton, we now 
turn to the produet of South America. It is a 
curious fact that, while the natives of many 
tropical countries have produced cotton for cen- 
turies to supply their own needs, raw cotton has 
seldom been regarded by these populations as an 
export commodity. During long centuries the 
natives of India sold cotton cloths to foreigners 


MURPHY 

the New World. In the Brazils, Bolivia, and 
Peru the invaders found soils suitable for cotton 
cultivation and a certain amount of production 
by the natives of those regions. By the year 
1786 the South Americans had developed a large 
export trade, sending 5,000,000 lbs. of ootton to 
England alone. Six yer s later, however, the 
fibres of Peru and Brazil encountered the serious 
competition of the produce of Florida and the 



L AMXRIOAH ft AM1HI0AH & AMERICAN 

(Carolina (Florida 8«a (Georgia Boa 

Sea Island) Island) Island) 



4. AMIRI 0 AH 
(Texas) 



7. aorpTiAH 
(Abase!) 


a 


MTFTIAI 

(Mitaflfi) 


1. TBS LENGTH OF STAPLE 
OF THE 

COTTONS OF COMMERCE 





ft EGYPTIAN 

(Yannovltch) 



10. UMAX 
(Broach) 



17. F1RUVIAM 
(Smooth) 


ia BARBADOS 
(Sea Island) 


19. WIST AFRICAN 
(Lagos) 


to. wntrr africab 
(Gambia ; from 
American seed) 



16. PERUVIAN 10. PERUVIAN 
(Rough) (flea Island) 



*1. W TAMS A LAND tt CHINA 

(Egyptian) 


without a thought of offering them raw fibre ; the 
Chinese had spun and woven ootton for many 
centuries, and only awoke to the existence of 
a market for cotton fibre late in the nineteenth 
century ; and many other nations and tribes, 
more or leas barbaric, have bartered gold, pearls, 
shells, amber, gums, and fruits with the white 
stranger, while reserving the raw cottons of their 
fields for home use. 

South America, soon after its discovery, be* 
came the prey of European adventurers there, 
and the S pmmmA found a land better suited 
for oolontaation than the northern half of 


Mississippi valley. During the British -American 
War of 1812 the South Americans had an oppor- 
tunity of re-capturing the English market, 
and again in 18<U, during the American Civil 
War. But the South American lacks the 
business energy of his northern rival, and 
though the ootton supply of Peru and Brazil 
is always worth considering by ootton buyers, 
it is small compared with that of the United 
8tates. 

Egyptian Cotton. Egypt was for some 
time regarded as the original home of the 
ootton industry, and very probably Egypt was 
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man* mum 

the <Mt of ootton mamtfaettne in time* long 
forgotten ; but the definite assertions of Egyp- 
tian priority in cotton manufacture were 
founded on an error. Investigators wrongly 
supposed that the linen wrappings of Egyptian 
mummies were ootton. Such revelations of 
error ought to make historians of industry 
cautious and tentative in their conclusions. It 
is certain, however, that cotton was grown and 
spun in Egypt long before even the era we name 
Ancient was begun. Here the stay-at-home 
character of ootton atroogly shows itself. Not 
till 1821, under the strong rule of Mehemet Ali* 
did Egypt begin to export ootton. That year 


us from disaster should the supply from the 
United States for any cause Mm S? the 
table given below the position of the ootton 
market at the beginning of the twentieth oentory 
may be seen at a glance. 

Cotton Growing In the Empire. About 
the middle of the nineteenth oentury, when the 
ootton trade was extending so swiftly that it 
threatened to dwarf every other branch of the 
textile industry, a great doubt arose in the 
minds of the far-seeing members of the trade. 
Without the stem lesson of the “Cotton Famine,” 
as the dearth caused by the American Civil War 
was called, these men perceived the unstable 


Table of Cotton Fibres at Present in Us?* 
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Country of Growth. 

Variety. 

Length of 

Staple. 
See Fig. 1. 

| Diameter 
j of Fibre. 

Average 
Counts of 
Yarn. 

Description. 



Min. 

Mux. 






Inch. 

Inch. 

Inch. 




(Sea Island 

11 


rAi 

130 upwards 

Long, fine, silky, easily bleached ; 

AM* RICA— 





the best cotton. 

Are* of crop, 27,000,000 acre* 

New Orleans 

1 

11 

rAu 

40-00 

Moat reliable of American cot- 

Product (1008), 2,400,000 tom 
Kxoort to V.IL, 007,000 tons 





tons, some varieties white, 
others creamy. 


Upland 

Texas 

1 

1 


30-40 

Soft, and adapted for weft 

Fine, but rather dirty and dull 


1 

1 

tiSg 

40-50 

Egypt— 

Arm of crop, 1,376,000 acres 
Product (IMn, 6,000.000 cwt. 
Export to U.X., 2,7*0,000 cwt. 

Mltaftft 

IS 

10 


SO-18C 

Brown, varies in quality. 

White, mixes well with Sea Is- 
laud, though a trifle harsh. 

Altassi 

1*4 

1 

IS 

1*4 

(Average! 

1 T ^* a 1 

00-80 

Yannovltch 

IS 

ro 


#>-]2C 

Soft and fine, but brown In oolotir. 

Brasil— 

Total ExportflPOS), 28,000 tons 
Export to U.K. 18,000 torn 

iPemam 

(Gears 

(Marauliam 

1*4 

1 

1 

I'M 

1*2 

| r,'., J 

40-00 

20-36 

40-50 

(AH Brasil cottons are white and 
| hard, giving yam a wiry feel. 

PjIRU — 

Total Export (1003), 7,630 tons 
Export to U.K., 3,230 tom 

/Sea Island t 
1 Peruvian / 

! Rough i 

) Peruvian S 
(Smooth l 

\ Peruvian I 

i 

W 

1*7 

IT. 

Ifl.tO j 

40-60 

30-40 

Harsh, mixes with wool. 

1 

1*1 

— 

80-40 

Soft silky and dean. 

SMYRtfA— 

| 

i 




Strong, harsh, fibres Irregularly 
twisted. 

Total Export ( 1002 ), 4,408 tom 
Export to U.lL, 264 tons I 

>Yerll 

! * 

! 

n 

! 

rfua 

20-86 

In ot a — J 

/Surat 

1 -80 

1*20 

i At 

10-30 

Good working ootton. 

Area of crop, 16,000,000 acres 
Annus) crop, 400,000 tons J 

Export to U.1L, small amount 

{Bengal 
j Broach 
'Rangoon 


•80 

iiVi 

Low counts ; 

iExoept when grown from 8ea Is- 
I land seed, Indian cottons are 

V 

* 

1 1 1 
^ ! 

r£* 

»» 

( poor in quality and short In 

1 staple. 

> Annual crop, *00,000 ton* 

Export to U.K., 602 tuna 

jcommoa 

1 

1 

^ l 

- 

10 

White, rough, short In staple. 

West Hum*— 

Area of crop (1004V 14,000 acres 
Product (estimated), 6,000 boles , 

iSea Island 
(Native 

1* 

1 

2 

1*4 

tAi5 

Ttftw 

60-120 

Fair, but Irregular in quality. 
Lacking uniformity in colour. 


044 bales were sent out, chiefly to England, 
and in the years following the amount rapidly 
increased, the average annual production being 
about five million hundredweights. 

In sketching the history of the ootton sources 
we have detailed only those which are of prime 
importance in the ootton market Other and 
smaller contributors there are. China, according 
to expert estimate, grows over 800,000 tons of 
cotton annually, but of this enormous total 
only about 45,000 tons are exported, the greater 
part being oonsumed in this oountry. Asia 
Minor, Cyprus, Java, and West Africa send 
small contributions ; but these would not save 
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basis of the ootton supply of the world. The 
preponderance of the United States in the raw 
cotton market constituted a grave danger ; that 
the main supply of so vast an industry should be 
liable to disturbance by purely local causes was 
rightly considered to be a serious risk. How 
true were the prognostications of those ootton 
manufacturers the Civil War proved in a 
fashion more emphatic than pleasant. In later 
yews, the vast additions to the productive 
capacity of the United Statee notwithstanding, 
the menace has become even more threatening, 
and all those whose interests are oonneoted with 
ootton, all who are in any way dependent on 



the prosperity of the cotton trade, ought 
earnestly to seek to broaden the basis of the 
supply of raw material. 

West Africa. While, in 1850, many 
manufacturers expressed alarm, and ex- 
claimed, in the usual manner of alarmists, that 
something must be done, but did nothing, 
one man, Thomas Clegg by name, a citizen of 
Manchester, took wise action. We have called 
special attention to the stay-at-home disposition 
of cotton out of no idle motive. If there are 
tribes producing cotton for their own consump- 
tion, they are likely, if inducements are offered, 
to produce for the outside world. These cotton- 
growing, non-exporting peoples are like sub- 
terranean waters, which, in dearth of rains, can 
be tapped for supply. At the very least, wher- 
ever you find a tribe producing cotton for homo 
consumption, you have a cotton field which 


time to act, but in 1857 they formed the Cotton 
Supply Association, the constitution and methods 
of which exhibited the enterprise of its founders. 
This organisation of business men aimed at no 
direct profit, its objects being: (1) To supply 
seeds, machines, and practioal instruction to 
those willing to engage in cotton cultivation ; 
(2) To ascertain the capabilities and peculiarities 
of the various districts of tho world where the 
plant may be, but is not at present, produced for 
export. For some time it seemed that this 
association had the power to solve tho problem, 
and during the first years of its activity the out- 
look was hopeful. Cotton-growing was begun 
in Greece, Turkey in Europe, Tunis, Liberia, 
Gold Coast, Benin, Old Calabar, Australia, Capo 
Colony, and Natal. The association helped to 
renew the vigour of production in Cyprus, Asia 
Minor, Cuba, Peru, Barbadoes, Batavia, Java. 



2. THE COTTON F1CKEKS 


may he made indefinitely more productive by 
<he application of scientific methods of culture. 
These truths were perceived by Thomas Clegg. 
Knowing that the natives of West Africa pro- 
duced cotton for themselves, Mr. Clegg estab- 
lished a native agency on the coast, buying 
cotton from the natives, and encouraging them 
to further production. His efforts met with 
considerable success. In 1852 be gathered 
1,810 lbs. ; in the year following, 4,617 lbs. ; in 
1859 the amount gathered by Clegg’s agency was 
over 70,000 lbs. Though we have no further 
record of this man, his work has lived on, and 
from West Africa there has always been a con- 
tinuous, though small, supply of cotUm. 

Organtelng the Cotton SuPP«T- 

cashire cotton spinners as a body took some 
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Ceylon, and all parta of India. The calamity tho 
Cotton Supply Aviation wan born to avert 
came too noon, and almost destroyed H. Un do 
not nay that the Cotton Supply Aviation baa 
failed ; a larger, more comprehensive achemo 
of action waa needed, that ia all. 

Britlah Cotton. For forty yearn manufirc. 
turera aa a body allowed the question of the 
cotton supply to deep, practically starving the 
Cotton Supply Association, and true, mg to the 
power of the market to call in supplies accorfing 
to need. Near the clone of the nineteenth centuiy. 
however, the power of tbo speculator in the ootton 
market and the increasing demand for cotton 
both in the United States and Europe gave 
rise to acute uneasiness. At tbe beginning of 
1902 tbe fears of the most pessimistic were more 
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than justified ; during that year and the taro 
tnc o e e din g ye am them waa a shortage hi the 
cotton aupfAy, with the result that many mflla 
in lamcaahire and on the continent were run 
on abort time or entirely oloaed, inflicting loaa 
ad both operatives and employers, and da n iagi n g 
the trade generally. Instant action waa de- 
manded, and the British Cotton Growing Asso- 
ciation was formed in 1902, with a guarantee 
fund of £00,000 and with the avowed object of 
extending the cultivation and growth of ootton 
throughout those parts of the British Empire 
where the conditions might be suitable. 

Cottons of the British Empire. 
A council composed of representatives of 
every important ootton interest was formed, 
and the capital raised. Effort was first directed 
to re-establishing the cotton-planting industry 
in the West Indies and improving the culture 
of cotton in India. British Central Africa and 
West Africa also claimed the attention of the 
association. By October, 1903, it was seen 
that the field of operations required a larger 
capital, and the guarantee fund was raised to 
£100,000; this sum was got without much 
difficulty. Next, in 1904, it was decided to 
incorporate the association by Royal (Charter, 
with a capital of £500,000, and on August 27th 
the charter was granted. On this new basis 
the work was vastly extended, and the active 
oo*o|)c ration of the Colonial Governments every- 
where secured. The British Cotton Growing 
Amux'iation now has stations in British East 
Africa. Uganda, Rhodesia, South Africa, the 
Soudan, and other places already mentioned. 

In 1905 an Exhibition was held at the Imperial 
Institute, London, showing cottons from many 
parts of the Empire not then recognised as 
sources of supply. From the information then 
given the table in this section was compiled. 
By combining the table of cotton fibres with 
this, we obtain a clear view of the raw cotton 
production of the world. 

The ProceuM of Cotton. A man 
likes to know the more important incidents in 
the history of his trade ; but the practical 
processes have for him a deeper interest. The 
trade begun in primitive simplicity under the 
trees of tropical Africa, Asia, and America has 
woven itself into the complexities of civilisation, 
and, taking on the colour and character of its 
environment, has become complex in process 
and diverse in product. Ootton manufacture 
includes many trades and a great variety of 
commodities % We intend to take the student 
through every department, giving to each the 
proportion of attention which we think it merits, 
ana this is our itinerary. 

First: We shall view the cotton field, the 
ootton plant, the methods of culture, the 
varieties of ootton, the sources of supply, and 
the plans adopted for the development of 
British ootton resources ; gathering cm the 
ootton field ; ginning ; baling. 

Seoond: The ootton is next seen in the stores 
of the factory, where selection is made for the 
production of any particular yarn required ; we 
follow the mixture thus selected to the opener 
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Description. 


Africa, British 
Central j 

Africa, British 1 
Bast 
Anguilla 
Antigua 
Barbadoes 
Borneo, North 
Borman 

Cyprus 

Fiji 

Gambia 

Gold Coast 
Honduras, 

British 

Logos 

Malay States 
Natal 

New Guinea 




j£asg0icf 

IwbImnl 1 
1*1 to 1*& 
V9 ,. 1*3 


(Native 
Sea Island 
Sea Island 
Sea Island 
Indigenous 
Egyptian 

{ Grown cm irrigated land 
,, „ non-irrigated land 

Native (2nd year) 

Kidney 
/Native 
| American 

Cotton from imported seed 

Native 
Egyptian 
, Kidney 
) Sea Island 


Nevis 

Sea Island 

1-6 

„ 2*0 


bassa Province 

1*0 

„ 1*2 

Nigeria. 

Kano 1 1 

Kontagora ,, 

0-7 

„ 1*2 

Northern 

1*2 

„ 1*4 


Nasnawara „ 

1*2 

o 1*6 

Nigeria. 

Native 

10 

„ 1*2 

Southern 

i American 

1-2 

„ 1*4 

Queensland 

American seed 

1-6 

,, 1*8 


1 Indigenous variety 

tojtlan 

1*2 

„ 1*4 

Khodesia 

1-4 

11 

„ 16 
„ 1*4 

St. Kitts 

Sea Island 

16 

„ 2*0 


iSca Island 

1-3 

„ 2-2 

St. Lucia 

{Native Upland 

1*2 

„ 1-7 


1 „ Kidney 

|Sea Island 

0-7 

„ M 


1-6 

„ 20 

St. Vincent 

{MiUUtfl 

1-3 

„ 1*6 


(Ashniouni 

idiHtirjfpium Barbadrnsr, 

11 

„ 1*8 

Seychelles 

< grown on Astove Islands 

09 

„ 1*8 


(Unknown variety 

10 

.. I S 


4 Indigenous 

Not stated 

South Australia 

{American Upland 

1*0 



ISea Island 

1*2 

to 1-6 


(Native 

0*8 

„ 1*2 

Sudan 

lAltassi, grown at Kamliu 

1*8 

„ 16 

(Yannovitch „ „ 

1*3 

„ 1*7 


(Mitaflfl 

1*1 

„ 1*6 

Tortola 

Sea Island 

(Grown In the Zoutpanstieru 

1*6 

„ 1 *» 

Transvaal 

J district 
(Indigenous 

10 

0*6 

„ 1*2 
„ i*o 


(Native 

0*9 

,, 1*4 

Trinidad 

Upland 

1*2 

„ 1*4 


that breaks the lumps of cotton into fleecy 
masses ; to the scutcher, in which the fleece is 
further opened out and formed into a flat sheet * 
to the carding machines, whose teeth unrave 
and pull asunder knots and snarls, blendin u 
and smoothing the fibre so as to make it lie 
close together in the form of a light, soft, thick 
rope called a sliver. 

Third : We follow the preparing process 
further, and see the slivers combined and drawn 
on the drawing frames, slubbers, intermediate, 
and roving frames, successively ; finally enterin w 
the spinning room, where the roves are put o" 
to the mule spinners to be fine-spun and arawn ; 
and then, emerging from thence, we see the 
stream of yarns part, one going up to the 
reelers to be hanked for the dyer and bleacher, 
another to the twisters, another to the lace fac- 
tory, and yet another to the warping-room. 

Fourth ; Hie reeling end twisting machinw 
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3 . AUTO-COTTON -PICKER 


and material, pro- 
moting by co-opera- 
tion the welfare of 
each and all. 
TheCotton Field. 
The cotton plant 
(goasypium— p, 222) 
will grow on almost 
any soil, though the 
best results are ob- 
tained from a deep 
loam, with good 
drainage. Sandy 
noils usually product 
plants of small 
growth, because the 
moisture rapidly 
oozes away from the 
r(K>ts in fight soils. 
No cotton planter 
need place too much 
stress on a particu- 
lar kind of soil so 
long as he gets depth 
for the tap-root, 
lieeauso it is not 
difficult to remedy 
any slight deficiency 
in the quality of the 


must now be utilised to produce warp and weft, soil, (limato is the main factor in cotton 
the latter being wound on to small cops, while the growing. The plant t akes seven months to 


former goes on to large mature, and during that 

bobbins. — the climatic condi 

Fifth : We are now f „ \ . I ionn rau»t b«' favouriiliU*. 

at the beginning of the k j t - Frosts, quick altema- 

weaving process. The \. ' — ' - 1 * ,, tions of heat and cold, 

warp is formed, wound torrential rains after sun. 

on the beam, heddled ttnd othw vio,ent varia * 

and drawn. Then we tionH ’ a ? ““"Ji™ , U ! 

mount and dress the 4. picker arm and oeari no cotton culture. The ideal 

loom, it may lie with climate is a warm, wet 

jacquard or dobbie, or some fancy mountings. spring, early summer of uniform torajierature, 
Sixth: We have to loam the meaning of all and dry, cool autumn. The ideal is the un- 


— tune the climatic condi- 
iV^nfV 1 ' onrt muMt ^vourablc. 
ty * Frosts, quick altema* 


4 . PICKER ARM AND OEARI NO 


Frosts, quick alterna- 
tions of heat and cold, 
torrential rains after sun, 
and other violent varia- 
tions, are inimical to 
cotton culture. The ideal 
climate is a warm, wet 


the loom gearings, and acquire an insight 
into the secrets of weaving design. 

Seventh: The part of the yam Bet 
apart for the making of sewing- thread 
has to be taken in hand ana put on 
the twisting frames, then bleached, 
dressed, gassed, polished, and spooled. 

Eighth : Our pursuit of the fine yams 
for lace-making must be resumed, and 
we see the warpers forming great warps 
on the heavy beams, while on the spool- 
ing machines the weft fills up the 
narrow spools between the plates of 
the slender shuttles ; and then we lay 
the warp in place, set the shuttles on 
the comb-bar, adjust the jacquard 
apparatus, linking every wire to its 
thread of warp, and begin weaving. 

These are the outlines of our study. 
Not infrequently we join with other 
textile students, and in company 
learn the relation of one branch of 
the textile industry to another, often 
using the same machines, imparting 
and receiving, exchanging methods 
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attainable, and climatic conditionH remotely 
approximate have spontaneously produced good 
cotton. 

The cotton plan tern of the United States have 
brought cotton cultivation to a high pitch of 
excellence, and a survey of their methods will 
help us to form an idea of the work entailed. 

Growing the Cotton. During the winter 
the old plants arc grublied up, and the land 
is turned over with the plough. As soon as 
the frosts have gone the soil is thrown up 
into ridges, if the soil be strong and able to 
bear a heavy crop, the ridges are only about 
two feet apart ; but in poor soils as much as six 
feet, is allowed. In a good spring, when the 
weather hits settled early, sowing logins about 
tin 1 middle of March ; but in some seasons it is 
advisable to defer sowing till well on in April, 
esjiecially on the northern edge of the cotton 
Ml. Tin* seed is sown in the ridges in holes 
alsmt a foot apart, and covered over. Within 
ten days the green shoots tiegin to ap{)oar above 
the soil accompanied by weeds. Work qow 
liegins in serious earnest for the cotton planter 
and his bunds. The first thing to be done 
is to thin out the plants, so that only one 
plant remains in every space of one foot in each 
row. When this is done, the weeds claim 
attention, and during the next month require 
assiduous h<»cing or ploughing lietween the ridges 
to keep them down. If the weeding has lieon 
done systematically and thoroughly, the land 
may Is* rested at the Itcginning of the fourth 
month after sowing, and on to the time of 
ripening. This is to allow the soil to settle 
firmly round the roots and nourish the plants. 
Plants that show a tendency to grow much 
wood should Ik* rigorously top[>ed, to spare as 
much sap as possible for the fruit. In the 
fo irtli month the flowers Is'gin to appear, and 
cover the fields with a sheen of gold and green. 
As the blossoms fade the bolls or pods begin to 
grow, and gradually swell. When the pods are 
rifK' they burst, and from the capsules spring 
he white tresses of the eotton fibre. 

Pew sights art* more wonderful than a cotton 
field when the fibre shows. The land wears a 
fleece of dappled white, the stems and foliage 
intensifying by contrast the dazzling purity of 
the wool. Tike the crowded mass of a million 
sheep miraculously washed. But the picture 
quickly dissolves, for the autumn winds are 
stiar|>ening, and the pickers must work swiftly 
to liprvettt the crop. 

Plotting. Much ingenuity has been ex- 
pended in devising mechanical cotton-pickers; 
out the difficulties to be overcome are subtle 
and baffling. The bolls grow' at all angles on 
the plants, and the fibres stick firmly in the 
bolls. For a long time to come, we fear, the 
application of machinery to gathering cotton 
will be limited. A new cotton -picking machine 
[g~4L invented by Mr. Ueorgc A. Lowtv. a native 
of Ireland, resident in Boston, U.S.A., was 
triad in America during November, 1904, and 
pronounced a success. This invention does not 
supersede the ootton- picker, but facilitates his 
work, by an ingenious combination of power- 
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driven hooks. The body of the machine is a 
gasoline engine with driving gear. At the four 
corners seats are placed for the pickers, and on 
both sides of the seats hang the picking-arms. 
These are ingenious contrivances, rods set in 
universal joints, along which run endless bands 
studded with hooks that, flying at the rate of 
300 ft. per second, catch the lightest fibre. 

When the machine has arrived at the cotton 
row' ? the four pickers take their places, each 
having picking -arm* on both sides of him. He 
directs the flying hooks on to the cotton bushes, 
and each little hook carries off a quantity of 
the fibre, U*ing in turn deprived by a set of 
brushes, that sweep the cotton into suction lubes 
leading to the bags suspended from the over- 
head frame of the c ot' on-picker. The machine 
is worth fhe attention of men who are con- 
templating starting cot ton -growing in those 
parts of the Km pi re where labour is difficult to 
procure. For the present, however, we must 
confine ourselves to describing methods actually 
in practice. Various districts have different 
methods of gathering. The old-fashioned 
way was for each picker to carry a basket 
Hlung on his or her neck, fill it and carry 
the' cotton to the weighing-house* near at 
hand. Others had large two-hftndle*d wicker 
Iwvsket* placed along the rows, a basket to each 
pair of pickers. The particular method adopted 
de|H*nds on purely local conditions, one of the 
most important of which is the custom of the 
natives who work. 

The Planter’* Problem. Here' we meet 
with one of the most serious problems the eotton 
planter has to face — the labour problem. When 
a new industry is started anywhere, the difficulty 
of procuring labour is always considerable. Even 
in this crowded country. w r here nature yields 
nothing save to arduous labour, the early cotton 
manufacturers could not procure labour for the 
factories, and were compelled to resort to pauper 
children and train them up to the work. Jn the 
tropics food is easily procured, and the natives 
have few wants they cannot supply by very 
little exertion. To employ white labour is 
simply im|H>ssible. In one way and another 
the difficulty is, and shall be, got over. 
Contact with a higher civilisation creates in 
the native mind a desire for the things which 
can only be procured at the cost of labour. 
Long patience, toot, and perseverance, coupled 
with fair dealing, gather, in time, an ample 
supply of native workers round the British 
planter. The peace and security afforded by 
British rule have already encouraged the natives 
of tropical states to adopt a settled and industrial 
mode of life. 

Ginning and Baling. Some large plan- 
tations have a central ginning house, situated 
at a point most convenient for all the fields, 
and employing steam-power. More common is 
the arrangement which attaches to every large 
field a gin -house. For a Ions time the planters 
of the United States cleaned cotton by hand, a 
process both tedious and costly. Wideawake as 
they were, it is wonderful that the planters of 
the west remained in ignorance of the roller gin. 
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Or ckvrba , used by the cotton planter of the 
East Indie# from time out of mind. Simple as it 
is, the churka [5] is a most ingenious contrivance. 
The rollers thin to opposite ends, thus giving a 
transverse dragging 
motion. Each tuft p 
of cotton contains 
within it a mass of 
seeds. To separate 
the seeds from the 
cotton is the work 
of the gin. Holding 
the cotton in one 
hand and feeding it 
to the rollers of the 
churka, the Indian 
turns the handle 
with his other hand. 

The rollers drag in 
the cotton and 
squeeze back the 
seeds, which drop on 
the inside while the 
freed cotton falls on 
the other side. 

Left to their own 
devices, the Ameri- 
cans did not take 
long to invent a 
ginning apparatus. 

In 1793 Eli Whitney 
inv ented the saw gin. 

Though a rough and 
simple contrivance, 
the saw gin con- 
tained the idea which 
has since been de- 
veloped into modem 
machines of high 
efficiency. The 
machine consisted of two parts, a wire hopper 
and a roller. On the hopper the wires were 
set close together, so that the cotton seeds could 
not pass through ; on the roller were wound a 


series of saw blades ; the teeth of the saws, 
slightly hooked, were set between the bars of the 
hooper. When the cotton was fed in and the 
roller set going, it drugged the cotton through. 

leaving the seeds to 
fall to the bottom 
of the hopper. 

Improving the 
Gin. For short - 
stapled cottons, the 
saw gin was an effi- 
cient seed -separator, 
but long-stapled cot- 
tons of line quality, 
such as Sea- island, 
were torn and 
greatly reduced in 
v a 1 u e by t h e 
machine ; but the 
planters saw the 
advantage of using 
machinery, and 
went in search of an 
appliance that would 
suit. The Indian 
churka might have 
answeri'd the pur- 
pose admirably. 
The working of the 
roller-gin, however, 
though suitable to a 
land when* time is 
cheap and wages 
low', was too slow 
for the planters of 
America. The saw 
gin, it seemed, must 
be improved, and it 
was— with results we 
have now to review, 
Whitney's saw gin had several serious faults, 
the chief of which wort' the tendency of the 
saws to clog and the injury done to the fibre by 
the sharp drag of the saws. The first was 
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partially remedied by a brush arrangement at 
the side of the roller, and the second was also 
modified by an adjustment of double cylinders. 
Another improvement of the saw gin was the 
attachment of a fan which helped to clear the 
cotton of dust while it passed through the gin. 

Other inventors were quickly in the field, 
and a host of cotton gins, each advertised as 
better than every other, have been nut at 
the disposal of the planter. Wc will look at 
a few of them ana try to appreciate the 
merits of each, without making too much 
of any. The Doultle -roller Gin [6]. sometimes 
called the Mamrlhy . was one of the earliest 
independent inventions designed to combine 
the merits of the saw-gin and the churka. 
On the top is a hopper beneath which run a 
mir of rollers, spirally grooved. Within the 
lopper knives are fixed, geared so as to press 
against the rollers, their pressure being regulated 
liy a set of weights hanging outside the hopper. 
When the cotton is laid in the hopper and the 
gin is started, the rollers drag the cotton down, 
the knives press the fibres against the grooves 
of the rollers, the shurp edges effectually 
hindering the seed* from passing through and 
freeing the cotton from them. The seeds fail 
into the box below, and the cotton gathers in a 
heap under the end of the machine. 

Other Varieties of Gin, The Knife 
Roller Gin is very similar in principle to the 
Macarthy Clin, with additions of some in- 
genuity. Leather-covered rollers revolve under 
ihe hopper against fixed knives named doctors. 
The characteristic feature of t hin gin is the 
cylinder fitted with spiral knives that run on 
the fibres as they are drawn down by the rollers 
and fixed knives, carrying off the seeds, and 
clearing them of fibre. The spiral movement 
is here transferred from the rollers to the cylin- 
drical knives, and it is claimed that a higher rate 
of spood is promoted thereby ; but upon that 
we pronounce no opinion. 

Different from the two already described is 
the Lock-jaw Gin. Above the roller ib a movable 
Hade, and in front are beaters. As the cotton 
is drawn forward by the roller, the heaters strike 
upon it, and the knife moves down on the roller, 
forcing the beaters to denude the fibre of seeds 
completely. Wc have been much struck by 


this gin, because it removes a large amount of 
dust and adhering vegetable matter as well as 
the seeds. On the other hand, rival models are 
equally admired by many practical men. 

These three machines are typical representa- 
tives of the many models of roller gins at present 
on the market. Whatever may be the mode) 
chosen, it ought to possess three special qualities. 
First, it must thoroughly search the fibre and 
remove the seeds ; second, swiftness of action 
is most desirable ; third, the gin must not injure 
the fibre. If, in addition to these indispensable 
qualifications, the gin has the power to clean 
the cotton or improve the fibres, so much the 
better. 

Baling. When the cotton issues from the 
gin, it is opened out [7J, a pound occupying a 
considerable space. This openness would be a 
desirable quality if the cotton mills were only a 
few yards from the cotton fields. At present, 
however, the planter grows cotton for a distant 
market, the great bulk of it requiring to be 
shipped. Loose fibre cannot be snipped. The 
pressed hale is the only alternative, and it has 
been adopted. When machinery was not so 
readily available as now the feet of the field 
hands were employed ; but that method of 
pressing has long been discarded in favour of 
the hydraulic press. Another point to be noted 
is that the cotton manufacturer has always liked 
his bales to be of uniform weight. Weight has to 
he considered in calculations of cotton manu- 
facture, and it is well to begin at the beginning. 
Accordingly, the presses now used by the leading 
planters in pressing cotton are also weighing 
machines. Under the ram of the press is a 
box, and into this the elevators pour the cotton, 
which is pressed down as it comes in. When the 
proper weight has passed into the box, a lever 
is freed, and down comes the whole pressure of 
the ram, squeezing the mass into a solid lump, 
oblong in shape, with square sides. In such 
shape cotton can be packed into small space in 
the hold of a ship or on railway trucks. 

The hydraulic press with which we are most 
familiar is one of many ; but the principle and 
object of all baling presses are the same. The 
bales are covered with coarse canvas, sewn up 
and hooped. In this condition the cotton is 
ready for shipment. 


To be continued 
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THE SPIRIT OF THE WORLD 

Economising Time and Money. The Atmosphere of a Foreign 
Land. Attractions and Advantages of many Countries. Guides 


By J. A. HAM MERTON and WM. DURBAN, B.A. 


L1UMAN nature is proverbially gifted with the 
** capacity of adaptation to almost any set 
of circumstances and conditions which may be 
encountered in life. But for this natural faculty 
very much of life would be almost unendurable. 
Those who possess it in the highest measure 
make the happiest travellers.. For it is impos- 
sible to gain either enjoyment or benefit from 
travel without some degree of assimilation. We 
must, in order to appreciate the peculiar features 
of a country, or the special characteristics of a 
strange people, place ourselves in the mental 
attitude of appreciation. Psychology is national 
as well as individual, and there is in any com- 
munity a collective soul that invites our study. 
The ‘^spirit ” of a country is determined by 
multitudinous complex factors, such as climate, 
racial affinity, history, heredity, struggles in the 
past (whether for independence or for subsis- 
tence, or in industrial and commercial competi- 
tion). intellectual proclivities, geographical posi- 
tion and religious customs. 

" Getting into the Atmosphere.” The 
sympathetic traveller unconsciously absorbs 
much of the spirit of the new country that 
he enters, and hence the delight of travel. 
The sense of novelty is constantly renewed 
as the wanderer moves along the pathway 
of an extended journey. He marks the alert- 
ness of the Americans, the acumen of the 
Germans, the vivacity of the French, the 
serenity of the Swiss, the dignity of the Spaniards, 
the elasticity of the Italians, the animation of the 
Austrians, the courtesy of the Danes, the sim- 
plicity of the Scandinavians, the sturdiness of 
the Finns, the geniality of the Russians, the man- 
liness of the Turks, the acuteness of the Greeks, 
the lightheartedness of the Roumanians, the 
reserve of the Arabs, etc. And he findB, on 
studying the causes which produce the demeanour 
of any particular people, that these causes are 
as interesting as tne resultant effect which is 
attracting his interested attention. It is thus 
that travel contributes to our education. 

The Uses of the Guide. If the 
traveller is willing to make the most of the 
fJhinga which range themselves under his obser- 
vation, he can go nowhere without great gain. 
The true traveller does not practise the 
flippant “ touch Mid go ” system which implies 
the vulgar 44 doing ” of districts for the sake of 
vaunting that they have been 44 done.” This 
wretched fashion makes the very least of every- 
thing, and is a profane waste of time, money, 
and opportunity. One of the m a i n recommenda- 
tions of a foreign tour is that it develops the 
finest perceptive faculties, cultivates a variety 
of tastes, and imp re sses knowledge indelibly on 


the mind, by presenting to us countless concrete 
facts, and bringing us into actual contact with 
the world’s realities. 

As little time as possible should l>e n|»ent in 
mere lounging in hotels and in pensions, in concert - 
halls and theatres, for when the tourist is on the 
wing there are usually endless ptsMiliar local 
objects claiming his interest, and mere* amuse- 
ment may almost always just as easily In* found 
in resorts in our own country. For any who are 
physically weak, and are seeking to reeu|>erate, 
the most expedient method is to select some one 
of the many lovely spots on the Continent as a 
centre, and to indulge in easy lit t It* excursions 
round about it. Intimate acquaintance is thus 
cultivated with charming native village lift* and 
its novel conditions. 


flow Time and Money are Saved. 

Those who for the first time visit a city of 
any magnitude beyond tin* familiar range of 
Continental travel, more esjiociully if they 
have but a short time to spend in viewing its 
sights, should make a point of sacrificing their 
independence and engaging a skilled guide. 
Especially should they do this if they have no 
knowledge whatever of the language. A guide- 
book is of course indispensable, but it is not always 
adequate for the purpose of the visitor who is 
an entire stranger in a great foreign city. An 
English -speaking “ cicerone ” is usually to 1 h* 
found hanging about any first-rate lintel in any 
one of the most populous cities. In Athens are 
several most intelligent men who will undertake 
for a remarkably reasonable charge, as we our- 
selves have tested, to pilot the traveller through 
any part of Greece, and will so manage the tour 
as to save the funds of those employing them to 
an extraordinary extent, simply because they 
perfectly “know the ropes.” The visitor who 
attempts to find his own way about such places 
as Constantinople, Smyrna, Ephesus, mjni 
Novgorod, Mosoow, Warsaw, Kieff, Syracuse, on 
his initial visit, will either lose himself or else 
lose the chance of seeing many of the very 
objects most worthy of his inspection. A com- 
petent guide magnifies and multiplies the interest 
in many directions. He saves time and he has 
a thousand things to tell that are worth hearing. 


The Needles* RleK of Life. Per* 
ps the acme of folly is that of which 
experienced tourists are guilty if they venture 
explore dangerous mountain districts alone, 
fe should surely be counted too precious to 
thus recklessly risked. Glaciers, with their 
autifully terrible crevasses, avalanches, snow- 
Ids, chasms, precipices, mists, and falling 
mas, are not to be trifled with. Even the 
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certain of Siediftrict* in Calabria, And in Sicily, 
nod in Greece, which were not many yean since 
the favourite haunts of brigands, we have been 
repeatedly told how men employed by unwary 
foreigners would lead them actually into the 
traps laid for them. Even now there are 
attractive regions where it would be folly to 
make use of the proffered services of any but a 
registered guide. Apart altogether from the 
question of danger, the tourist may be subjected 
to a variety of tricks. He may find the men 
leading him ignorant of the way. We have 
known persistent attempts made in the middle 
of a mountain pass to extort from the traveller 
double the amount of the fee agreed on, under 
the pretext that the weather was not agreeable, 
or that the baggage being carried on the moulders 
of the guide was extra heavy. Above all, it is 
vitally necessary beforehand to have a definite 
agreement, in presence of the hotel landlord or 
the Mayor of the Commune, as to terms. This 
is easy enough. Ixieause almost universally in 
places of familiar resort then* is a printed 
Government tariff regulating every particular. 
Nothing is more useful and nothing is more 
essential. Never employ any guide who is not 
authorised or m*ommended. Many an unfor- 
tunate* and unsuspecting tourist has lx*en vic- 
timised by engaging the services of some volun- 
teer in the Swiss or Italian Alp not on the list 
of the 44 authorise ! guides." The Italian Govern- 
ment is H])ceiaUy solicitous concerning the 
dealings of native conductors and " ciceroni." 
In every little town may be* found young men 
and lads wearing on their caps the magic words 
which are the envy of other youngsters, 44 Guida 
AutorizzAtn." 

Without Guides. Nearly all experienced 
travellers can recall sad illustrations of the 
principle that we are emphasising — that, under 
certain circumstances and in certain localities, 
the services of an expert guide are indispensable 
to safety. We happened, during a visit to 
Norway, to hear, as we slowly proceeded through 
oue of the loveliest mountain regions of the 
interior, rumours that young Mr. F„ son of a 
noted English photographer, who was taking 
photographs of the most lieautiful points of view 
tor the firm, had fallen into a cataract. At every 
atop|iing place we found that this tragedy was 
the chief theme among the people, and when we 
reached the swot whore the accident had hap- 
pened, we could not help deepily regretting that 
the natural impetuosity of youth, risking peril 
under the tom plat ion so often yielded to by 
adventurous young spirits, should have robbed 
a fine young fellow of uis life. And vie happened 
to Ik* in Constantinople when the chief talk there 
was about the mysterious disappearance of young 
Mr. M., son of a well-known London publisher, 
on the slopes of the Asiatic Olympus, near Brusa. 
When we crossed over into Asia Minor, and were 
m the district, we learned what particulars could 
be gathered, although the mystery was never 
solved, and the young Englishman was never 
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Otympo* with a friend and a guide- Tba ttow 
had scried one of the two peats ci the kaatfUfS 
mo un tain and had descended. Mr. M. resolved 
to go up the other horn. Mid in bis eagerness 
outstripped the guide and his com p a ni o n , fie 
vanished round some rocks at the foot of the 
peak, and unaccountably disappeared. It was 
supposed that some of tne shepherds, many of 
whom occasionally act as brigands, had instantly 
kidnapped him, and that afterwards, when 
search was being made, under the auspices of 
both Turkish ana British authorities, they made 
away with him in fear of the punishment they 
would have incurred. The lesson is a serious 
one. A guide should be followed, not led. 

Not ao Easy aa it LooKs. Nothing can 
be more misleading than a certain inference 
that the reader may easily draw by reading 
light nnd entertaining books of travel or articles 
struck off by expert magazine writers on travel. 
The idea is apit to steal over the mind while 
I erusing some such sfiecimens of very fascina- 
ting literature that many of the most risky 
feats are in reality devoid of all danger. Fo? 
instance, many of Mark Twain's delightful 
sketches would make it appear that it would be 
simple fun, safely enjoyed, to wander anywhere 
and any!>ow\ at any hour of the day or the 
night, in great fortMgn cities or remote comers 
of distant lands. No notion could be more 
delusive. Even the most intelligent people 
frequently find themselves in a most distressing 
predicament through wandering off the beaten 
track alone in places where they are entirely 
strange to the country, the pieople and the 
language. There lies before us at this moment 
in the new issue of a magazine a very readable 
article entitled “Up the Matterhorn without 
Guides." It makes very pretty reading indeed, 
and it is true that the Matterhorn has been 
rendered much easier to scale than it formerly 
was, but there is not a sentence* in this article 
to warn the inexperienced against the peril of 
attempting to ennilitc the feat described. It 
sounds ludicrously easy. The spirit of adven- 
ture is different from the spirit of ignorant 
n cklessness. 


The Little Things of Great Interest. 

One of the best modes of enjoying travel is to 
cultivate the art of noting the trivialities that 
make up by far the greater p[>art of the details 
of life amongst any px*ople. The talk of many 
tourists who at tom pit to describe what they have 
seen is altogether hackneyed and excessively 
tiresome, simply because they confine their sight- 
seeing to w hat is attended to by the overwhelming 
majority oud has been described countless times 
before. 

Take as an instance the fascinating city 
of Leipzig. Here we may study the very con- 
centrated essence of the Teutonic spirit. Dear 
old Leipzig is Germany in epit ome. Yet we know 
many people who have visited it time and again 
and nave only soen it most superficially. They 
have never risen early in the morning to see for 
two hours before breakfast the wonderful 
popular life — the real life of the workers of 
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*010 dogs and the woman dragging the little 
milk carte, the market “ Frauen ” poshing 
their quaint vehicles of vegetables and fruit 
along, the great wagons full of big rolls of 
fragrant, finely-dressed leather from the big 
factories, the troops of men and working girls 
hurrying along, the vendors of strange sorts of 
sausages, cakes, and other dietetic commodities 
unfamiliar to us, and, above all, the boys and 
girls in thousands passing to school, all of each 
sex alike beautifully dressed, and carrying their 
strapped knapsacks with books and food for the 
day — these are a few of the typical sights peculiar 
to the early hours of the day. Afterwards the 
mass of tourists are alert ; but they have missed 
the spirit of the city. And we recall now, after 
a good many years, what an interesting glimpse 
we had once of the life of Lorient, “ the French 
Portsmouth,” where we arrived byroad early one 
morning as the workers were streaming from the 
suburbs into the town. We caught more of the 
spirit of the place in that brief passage than a 
day spent in the conventional saunter about the 
main streets of the town would have afforded. 


The Atmosphere of a Place. When 
Henry Ward Beecher was travelling, either in 
this country or on the Continent, he entered just 
in this style into the temperamental condition of 
every locality that he visited. He was on 
summer mornings always up very early that he 
might watch the common people in their pro- 
ceedings. The “ atmosphere ” of a country is 
composed of the elements derived from the 
physical geography, the history, and the popular 
mind together. The nature of the country is 
formative of the habits of the inhabitants, and 


both should be studied if the profit and enjoy- 
ment are to be complete. 

Copenhagen is a city of enchantment, but we 
know Denmark more truly if we not only see 
the capital, but wander awhile among the 
country people who are astonishing the world 
by their farming and dairy achievements. 

The tourist will not know his New York 


very intimately if he merely rides up and 
down Broadway or Fifth Avenue, gazes at 
the skyscrapers, takes the trolley-car over to 
Brooklyn, sees a few theatres and churches, and 
indeed rides everywhere. He should wander on 
foot in China Town, in the great Ghetto district, 
walk about Brooklyn to see its incomparable, 
boulevarded, maple-lined avenues running for 
miles, take the steamer to Glen Island, survey 
the Boweiy, linger in the wonderful Aquarium, 
peep into some of the congested foreign colonies 
along the sides of East River, feed in some of the 
common restaurants, and make some of the 
people understand that he really wants to learn 
something. They will tell him curious facts, and 
chow him strange things, and he will understand 
the atmosphere, social, industrial, commercial, 
and political, of the vast city on Manhattan 
Island, and its huge overflowing annexes. 

Our advice applies of course to travel any- 
where. Where time is short, much may be 
aeon in cursory passage and fugitive glance, if 
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the mfni is keen on receiving impression*, hut 
wkeTe the traveller can halt lor a longer stay, he 
must penetrate beneath the surface if he would 
learn many things best worth knowing. 

* , ? f Introduction. Those who 

take with them letters of introduction to 
personages resident in places to be visited are 
truly wise. How often have we ourselves proved 
the expediency of thus preparing for the beat 
line of action. For example, when we landed at 
Smyrna on one occasion, we went promptly to a 
Greek gentleman settled in that city who carries 
on an immense fruit-packing industry, and owns 
many vineyards and orchards in Asia Minor. 

Though to him we were total strangers, our 
letters to him from mutual friends in England 
won his kind heart instantly, and for a whole 
week he was at our disposal as much as we were 
pleased to avail ourselves of his boundless kind- 
ness. We remem her that this gentleman was 
both amused and alarmed at the idr.x we had 
formed, amongst our other schemes, of taking 
some little excursions into the hinterland of 
Smyrna, which, with its mountains, looked so 
tempting. He drove us about the environs in 
his carriage, but explained that one of his most 
intimate friends had a few years previously, in 
that very region we wanted to penetrate, lx*on 
captured by the notorious robl>ers of the interior, 
who had sent in to his friends for a ransom, 
which, heavy though it was, had to Ik* paid in 
order to save the lift* of the citizen. Our 
Greek patron himself had never dared to venture 
amongst the lovely mountains yonder. Hut he 
made us wonderfully familiar in a few days with 
the chief city of Asia Minor, and thus we 
proved once more the advantage of seeking 
help in such fashion. He took care that we should 
really know the city when* he lived and where 
he was one of th<* most influential citizens. 

In European travel it- is well lo be a meml»er 
of such an organisation as the Touring Glut 
de France (r>*. annual sulmeription), whoso 
“ delegates ” arc scattered all over Europe, a nil 
an* always at the service of their fellow members, 
as we had proved on many occasions while 
travelling in out-of-the-way parts of France am 
Germany. As an instance of the value of this 
splendid organisation, we might mention that, 
desiring to make a cycle tour through the mo* 
beautiful and historic parts of Alsace ant 
Ix>rmine the other year, we wrote for infor- 
mat ion to the delegate of the club At- Havemc 
and that gentleman furnished us with severa 
itineraries and the most clalsinite, but extremely 
useful particulars of the roads, hotels, and sc 
forth, inviting us to call upon him when wc 
reached his own district, and placing hirasel 
entirely at our service ; an offer we were 
delighted to accept in the true spirit o 
camaraderie. In many other towns th * dele 
gates of the Touring Club have proved equally 
obliging. _ 

When to Visit Foreign Lends. Th< 
difference in the aim j country at different time, 
of the year is m mwy casss astonishing. Ther 
are lands which it is the height of folly to vtsi 
at certain times of the year, while they are a 
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other mmmm supremely attractive. Attention 
should by all means be paid to this point. A 
popular English minister of religion some years 
ago took a holiday of a few months, intending to 
pay a prolonged visit to the United States. 
Unfortunatelvhs went just at the hottest time of 
the year. The consequence was disastrous. A 
latent heart trouble, which had been entirely 
unsuspected, quickly developed in the intense 
heat, and the preacher died in America. The 
“ Indian summer/ 1 in late autumn, is the most 
delightful time of the whole year for travelling in 
the United Htates. The latter portion of spring- 
tide or earlier period of summer will be found 
almost as enjoyable. As to India, summer in the 
great plains is a purgatory, while winter is 
enchanting. 

Climatic Conditions. Surely nothing 
is more important for the average traveller 
than the consideration of climatic condi- 
tion*. For instance, we cannot imagine an 
Englishman enjoying the torrid conditions of 
Greece in the height of summer, when tho 
whole land is a parched caldron. Hut in 
winter it is like a garden of the gods, and in 
spring tho land is too beautiful, with its verdure 
and its flowers, for description. 

October is a fine montn for that country, as 
also for Turkey— European or Asiatic. The climate 
of Russia is glorious, and the “ white nights ” of 
the North are the joy of the traveller, although 
if he comes down south he wdll not conveniently 
bear the midsummer heat. A trip in Southern 
Russia is very enjoyable in September. This 
applies also to Austria and Hungary, to Servia, 
Bulgaria, and Roumania. As to Italy, that 
paradise in the Mediterranean has a strange 
variety of eligiates. Among the hill cities of the 
Apennines and in the charming resorts high up 
in the Italian Alps, and especially in Tyrol, we 
have revelled in every condition of comfort so far 
as the atmosphere was concerned during any 
part of summer. If we would find ideal summer 
joys we must succeed in our quest anywhere in 
Norway, Sweden, Finland, or Denmark. To 
SpAin go in late autumn or early spring. Germany, 
Holland, Belgium, and France we may see with 
absolute pleasure at almost any season we like 
to choos3, always remembering that the South 
of France and the whole Riviera are exception*, 
for these delectable regions are semi-tropical in 
summer and swelter then in the breath of the 
sirocco, while in winter they call loudly for the 
invalid to patronise their health -giving resorts 
along a lovely coast bathed in delicious sun- 
shine. Cyclists, however, should avoid July and 
August for long journeys in all of these coun- 
tries. For nearly all the year Sicily is a dreamland 
of climatic luxury and of unearthly loveliness. 
And Capri is never either oppressive with the 
heat or repellent with odd. 

Calculating on Local Condition*. 

We have alluded to the strange difference* 
of climate that may prevail in contiguous 
districts. Any tourist may easily take advan- 
tage of these same differences. We remember 
how, when one summer, even though the 


season was growing late, the heat was intoler- 
able in the region of the Italian Lakes. One 
day; in Brescia, we concluded that we would 
retreat out of the palpitating atmosphere to 
higher pleasure grounds. We took conveyance 
for Madonna di C&mpiglio, and there, in an 
elevated centre, where exquisite valleys meet 
and mountains soar up like Adamello and Spinale, 
with cool glaciers and purling streams everywhere 
in view, we found life worth living day after day, 
for we had ascended just 6000 feet. Again, on 
another occasion, we had a very similar experi- 
ence in Switzerland, making a hurried retreat 
from sweltering Geneva to the lovely valley of 
Chamonix, where the cool nights tempered the 
summer atmosphere delightfully. Thus, the 
tourist who chooses localities for a summer trip 
where he can make his programme elastic enough 
to accommodate himself to convenient and desir- 
able conditions is apt to be happily rewarded. 

The Feature* of Other Lands. The 

special characteristics of various countries must 
surely enter into the consideration of a would-be 
traveller. He may wish to regulate his choice 
by some of these. No country is without indivi- 
duality all its own, and this must have its 
influence. No country is so accessible for us in 
England as France. Hut people on this side of 
the Channel are generally little aware of the 
richness of the neighbouring nation in its 
architectural gems. It is a land of superb 
cathedrals, which strangely escaped destruction 
during the Terror. Ana, of course, when we are 
thinking of cities reconstructed in the modem 
style of supreme beauty, the mind at onoe fliee 
to Paris. 

Italy is the world's unrivalled art-gallery, 
from the lakes of the North to the extreme 
point of Sicily in the South. The visitor 
who roams about its cities, whether in the 
Apennines or in the plains, may despair of 
exhausting the marvels that have accumulated 
from Etruscan dayB down to our own times. 
Greece is the very shrine of history, and a sojourn 
in Athens and Corinth, in Nauplia and Patras, 
will make any traveller feel that he had indeed 
added an invaluable course to his education. 
Germany is truly called “ the brain of Europe," 
and it is at this moment more worthy of attention 
on the spot than ever, for there the country is 
being turned into a veritable laboratory of 
economic and industrial practice, working out 
the most advanced theories of the savants. 

For glory of scenery, Switzerland is naturally 
peerless, but it is worth personal study as the 
nome of the happiest community in the world. 
Holland mid Belgium make any holiday delightful 
because of their perfect presentation of the 
quaintest charms of Medievalism. Norway, with 
fjord and fjeld, brings us to the gateway of the 
Arctic, and is the finest European field for adven- 
ture and romance with the minimum of peril. 
Egypt is the casket of the hoariest antiquity. 

And so each land has some pretension to par- 
ticular merit, and each will amply reward a prefe- 
rential choice that may happen to fell to it in 
the traveller's decision. 
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shopkeeping THE SCIENCE OF THE SHOP FRONT 

g A Question of Vital Importance to all Shopkeepers. The 

Value of a Good Front, and the Considerations Affecting it 

Continued from page *79; 

By W. B. ROBERTSON 

The Scope of the Shop Window. In these days of twentieth century competitions 
The business man who neglects his shop window when the ability of shopkeepers to provide 
is as culpable as the soldier who allows his rifle articles of consumption, use and ornament is 
to become foul or his sword rusty. The shop greatly in excess of the purchasing power of the 
window is the chief medium through which an public, the growth of any business must de|tcnd 
impression may be made on the public, the largely upon the success of its proprietors in 
principal bait to draw fresh custom. George at trading the customers of competing trade men. 
Chapman wrote, u Keep thy shop and thy shop To look around us in mental survey and to 
will keep thee.” We venture to make the state- consider those tradesmen whose operations have 
ment a little narrower, and to offer as a sound exhibited progressive increase in number and 
business maxim : “ Keep thy shop window magnitude is to acknowledge that the successful 

attractive and thy shop will keep thee.” Not men are those whoso window displays are features 
that an attractive window display is the single of their business practice. 

essential to a successful business. It is, or may Analysis of the conditions which go to make 
be made, nothing more than the most effective a successful window display show’s that they 
agency in drawing strangers to the counter. naturally divide themselves into tvro classes. 
The quality of the wares and the manner of First there is the shell of the window, the shop 
service must decide whether or not business will front, and, secondly, there is the content* and 
result. their arrangement. Many shopkecjHTH spend 
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a good deal of time and money on one or the 
other, but not on both. Their sins of omission 
in one department more than neutralise the 
work and value they have put into the other. 
In any street in any city in Great Britain it 
would be possible to find shop windows with 
expensive fronts and soiled or carelessly 
arranged contents. The effect is as incongruous 
as when a choice sample of the milliner's art 
surmounts a grimy face. This fault is much 
worse than that of a window with a poor shell 
and a tastefully-arranged interior. Excellence 
in both departments gives us the ideal— and the 
successful shop window. 

Tbs Shop Front We would first give 
some attention to the shop front from both 
the artistic and utilitarian points of view. 
What a transformation in the shop fronts of our 
city streets the last generation has witnessed ! 
The security of the shop was formerly thought to 
depend upon the solidity and the impermeability 
of the front We had shops protected as were 
the hulls of Nelson’s battleships— heavy iron- 
plate shutters and doors, bolts reaching from 
floor to ceiling. Now light takes the place of 
iron plates and bars. Windows with large 
expanse of glass, protected only by spidery grills 
through whioh the interior is visible even by 
night, are undoubtedly the most secure as well 
as the most attractive form of shop windows 
whioh the retailer can adopt. 

The shop front , should be in harmony with 
the class of trade in whioh the shopkeeper is 
engaged. The light and artistic front which we 
admire in a jeweller’s shop — and which we also 
expect, though not in quite so pronounced a 
form — in a confectioners or a draper’s shop, 
would be out of place in a builders, an iron- 
monger’s, a butcher’s, or an oil shop. The 
nature of the trade, whatever it may be, should 
find expression in the form of the front. 

A Shop Front m In France. We 
know of no class of shop where the trade is 
advertised by the front so thoroughly as it is in 
the paint and oil shop of France and some other 
European countries. Almost invariably the entire 
front of the shop building is planned in radial 
segments in which all the colours of the spectro- 
scope are depicted . The shops are masses of pai n t 
patches and indicate the nature of the business 
more plainly than the hues of Joseph’s coat 
indicated the iwrsonality of the wearer. We have 
not observed that any English painter and 
* colourman has copil'd the practice of his French 
fellow. The plan is so practical and so appro- 
priate to the trade concerned that few people 
would find fault with it It might be objected 
to from the nwthetie point of view, and we 
oonfess that sometimes there would be some 
reason in the objection Frequently the primary 
and secondary tints chosen arc rather strong to 
be pleasing, and we believe that the more 
general employment of neutral tone* would 
serve the purpose as well without violating one’s 
sense of colour harmony. But the practice of 
the French oil and eolour shop is one which the 
British retailer might introduoe in a modified 
form. 


Counting the Cost. A shop front of 
some pretensions to elegance costs a little more 
money than a plain one. The higher cost is 
often the reason for the installation of the less 
attractive form. If consideration of the question 
be based upon true principles of business economy, 
it is well, and it may be that wisdom has been 
shown in selecting a common, cheap shop front. 
But the true principles of business economy 
are not always placed in the witness-box when 
adjudication is being made. 

To help us to understand the expenses in 
curred by a special shop front, a prominent 
firm of London shop-fitters have supplied us 
with two designs which they have recently 
executed. One is for a baker and confectioner, 
and the other for a jeweller. The former [1] 
was executed in mahogany. The space available 
was 18 ft. wide by 11 ft. high to the bottom of 
the facia. The cost of the front only, made, 
fitted into position, glazed, and finished, was £90 
The disbursement of such a sum for such a 
purpose should be decided by the question of 
prospective profit. 

L«m than a Shilling a Week. It may 

be assumed that a common shop front 
would oost not less than half .of this sum, so 
that a front of the design we illustrate would 
entail an increase of £45 in expenditure. That 
is capital expenditure, and the interest on the 
amount at 5 per cent, per annum would be 45s. 
per annum, or just under 10 Id. a week. The 
baker or other tradesman to whom the question 
presents itself, and whose establishment would 
be rendered more attractive by a specially- 
designed and executed front, has to consider 
whether or not the difference is worth, as a 
paying investment, the sum of lOJd. per week. 
We think that, put in this direct and practical 
form, the answer would seldom be in the nega- 
tive. The internal fittings of the shop window 
we illustrate cost about £35. We did not include 
these in the simple financial problem just pre- 
sented, and rightly so. These internal fittings 
would have been necessary, or at least desirable, 
in any event They included air-tight glass 
show cases, glass shelves, brass standards and 
brackets, and tilt'd surround. In this particular 
case tlteir expense was more than repaid by the 
preservation of the confectionery through being 
protected from atmospheric influence and dust. 

Importance of the Window Frame. 
W’hen the expenditure of a few pounds extra in the 
erection of a shop is a barrier to the installation 
of both a good front and good internal fittings, 
it is advisable to decide upon the former in the 
first instance, leaving the latter until such time 
as funds may warrant the disbursement. It is 
a small matter to replace internal fittings, 
whereas to tear out a front and replace it with 
another is a much more serious and costly 
business. In 8 is illustrated another shop front 
of special design, which we reproduce for two 
reasons. It shows a front of greater pretensions 
than that to whioh we have just given attention, 
and incidentally it teaches now available 
window space may be made app&entlv much 
wider by a simple trick of design. In inis par- 
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ticular case the shop was for a watchmaker and 
jeweller. The space to be filled was only 1ft ft. 
wide by 11 ft. high to the bottom of the facia. 
The work was carried out in mahogany, and the 
total cost, including all the special air-tight 
window fittings most suitable for the trade, was 
lietween £250 and £300. Assuming the higher 
figure as the price, computation upon the basis 
already indicated shows that the interest on the 
capital sunk would be less than one shilling a 
day. A jeweller considering plans for a shop 
would have to consider if a front, window, and 
window cases of the class illustrated would be 
worth a shilling a day as a business investment, 
and in any town except the very smallest, we 
fancy that here, again, there would not be much 
doubt of the decision. 

The space available in the case before us was, 
as already stated, exceedingly narrow, only 
16 ft. between the pilasters. The manner in 
which the utmost has been made of this space 
deserves attention. The circle given to the 
glass— on one side of the door a convex circle. 


and on the other a concave and convex — made 
the window front much wider than it would 
have b<*cn had the more common design been 
adopted. Had both sides circled outwards, 
spectators would have been likely to block the 
doorway to a much greater extent than with the 
convex and concave form shown in the design. 

Points for and against the circled glass in the 
shop window are that it is much stronger than 
ordinary flat rolled plate, that it costs much 
more, and that it is often extremely difficult or 
impossible to replace a broken window speedily. 
When circled windows are fitted, it is always 
advisable to purchase and store duplicate panes, 
so that immediate replacement is possible in 
the event of breakage. 

Window Cases. The nature of the window 
interior depends so much upon the trade and 
the goods to be shown that a general considera- 
tion cannot descend into minute detail Any 
arrangement should never lose sight of the 
frequent need of withdrawing and replacing 
exposed articles. The difficulty of extracting 
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individual articles from the window ho me* times have seen a mirror of a special kind used to 
causes retailers to establish a rule that no good purpose in a barber s window. It was a 

articles lie sold therefrom. This is always bad. concave mirror, and therefore magnified. Placed 

Refusal to sell from the window breeds in the close to the front glass of the window, it im- 

mind of the would-be purchaser a suspicion that pressed the man whose habit was to shave 

the goods sold over the counter are not of the every second day with the desirability of doubling 
same quality as the window samples. The shop- the frequency of the operation, and it persuaded 
keeper who values a reputation for frank and the man who had developed the practice of 
straight dealing should make a profession of wil- being his own barber that the task was one he 
lingness to withdraw any article from the performed liadly The barber took a larger 
window upon request, and to enable him to do shop in a few months. 

so he ahotud have his window fittings arranged The Value of Light* It is common, in 
and bis windows dr e sse d so as to permit him to the shopping thoroughfares of our large towns, 
do so with the least possible inconvenience. to aee one shop stand out conspicuous amo gg 

Air-tight glass oases are usual In the shop its fellows by the blase of light which issues from 
windows of many trades. They are valuable in Its windows. The proprietor appreciates the 
preserving the goods shown from deterioration value of light as a business agent. Indulgence 


limitations. If they must be opened very 
frequently they are of little practical aervioe. 
Every time the doors swing back the cases 
become part of the-shop and any fog or humidity 
which may permeate the atmosphere finds its way 
to the merchandise. Therefore, while air-tight 
eases are always desirable for delicate or tarnish- 
able goods, their full value is secured only by 
refraining from opening them. This looks like 
a contradiction to what we have just said, and 
it is so. The shopkeeper must sometimes choose 
between refusing to sell from the window and 
having his window stock preserved untarnished. 

It may be possible to mitigate the bod effects 
of opening a largo window case by having the 
winnow partitioned into separate compartments 
individually air-tight. This is possible, for 
instance, in showing electro plate, and sometimes 
it is well worth the extra initial cost. 

The Value of Mirrors. The value of 
reflection by mirrors in window displays is not 
appreciated as it ought to be. When a window 
is narrow and deep, the effect which one or 
more mirrors can lend is a great acquisition. 
In such circumstances the introduction of the 
mirror is most desirable, and there is no w indow 
which could not be made much more impressive 
if mirrors were mode permanent or temporary 
features of the window displays. The mirror is 
most effective in a divided comer window. 
Placed at an angle in the window it catches the 
eye of the imsscnger and the window or the 
half of the window is made to appear double its 
actual size. Where mirrors are used, a fiat 
scheme of window dressing should be adopted. 
If the arrangement lie high m the front the 
mirror is robbed of its opportunity to do its 
full duty. A mirror plaoed so that passengers 
may see their own reflect ion usually causes many 
passers-by to stand and gaze. 44 Vanity of 
vanities, all is vanity, saith the preacher,”* and 
the preacher knew what he was talking about. 

The mirror has an attraction not for the fair 
sex only. We have stood for fifteen minutes 
near a London window which held a mirror 
in a prominent position. We counted the 
respective numbers of each sex whom the 
mirror arrested, and the proportion was seven 
ladies to ten men, notwithstanding that the lady 
promenaders far outnumbered the men. We 
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judiciously used, it is remunerative. Sometimes 
the facia of the shop is surmounted by a pro* 
fusion of gas jets. This is not a practice to be 
^commended. It is extravagant, unremunera- 
tive, and foolish. The light should be focussed 
upon the goods displayed in the windows, and 
not sent out purposeless into the night. Per- 
haps the most conspicuous objeet lessons in the 
value of window lights are the shop windows of 
the vendors of imitation diamond jewellery, 
which are, at the moment of writing, finding an 
apparently lucrative field of enterprise in the 
large towns in England. The lights in these 
are usually incandescent electric, and they are 
generally numerous and concealed from the direct 
observation of the window-gazer. If they are 
aided by revolving pedestals covered with black 
or blue velvet, and mounted with paste wares, 
the sparkle emitted from the tihy polyhedrons 
of glass is fascinating. The public does not 
wait to consider what gives the effect, and 
is often induced to spend money upon 
such ornaments in the belief that no one 
will detect their falseness under ordinary 
conditions. 

Electric Light. Many lighting mediums 
lie at the choice of the shopkeeper. The 
electric light has a great deal to recommend it. 
The electric arc light, however, should never 
be used. It is concentrated in qne point or in 
very few points, and therefore throws shadows 
which should be avoided. Incandescent electric 
lamps are much better. They may be diffused 
throughout the window, hidden in any corner 
and arranged so that no shadows are cast. They 
do not throw off the products of combustion or 
the great heat of gas jets or incandescent mantles, 
and thus do not exercise the deteriorating 
influence which gas flame does upon almost 
every class of exposed merchandise. The 
objection to electric light is its high cost. 

The disadvantages attending the burning of 
gas in a window are sometimes averted by 
having pavement lights — i.e. lamps suspended 
from above the window and throwing illumina- 
tion into the window. These should be adopted 
only when the window is high- In any case, 
they are apt to throw the shadow of the window- 
gazer upon the contents of the window. 

Taking into consideration every clam and* 



nature, have 
but they are 
A remedial 


method of application of window-lighting 
systems, that employing incandescent electric 
lamps is for every reason the best, and should 
be adopted wherever available if cost bo not 
an insuperable barrier. Not the least of its 
advantages is that lamp holders may be placed 
in any position. 

Window Steaming. How to cure win- 
dow steaming is a prdblem that has exercised 
the wits of many shopkeepers, architects, and 
heating and lighting experts. The sovereign 
remedy, acceptable from every point of view, 
has yet to be found. Nothing is more objec- 
tionable ttyan condensation on the shop window 
pane. It is caused by the difference between the 
external and the internal atmospheric tempera- 
ture. Hie only thorough method of obviating 
it is by a system of ventilation, allowing the 
external air to circulate into the window, but 
the objection to this is that dust also penetrates, 
soiling the exposed goods and filling the window 
with deposit of extraneous matter. Several pre- 

C turns, mostly of a glycerin 
offered from time to time, 
at best only partially successful, 
measure, efficient 
but expensive, is 
used in many large 
shops. A Bunsen 
burner, or several 
of them, are kept 
burning at the 
bottom of the win- 
dow near the glass, 
and the steam of 
hot air which they 
send up close to 
the glass prevents 
the condensation. 

Window-pane 
Legends. The 
introduction of the 
enamelled letter introduced a new feature 
into the shop windows and for a time the 
enamelled letter legend on the shop window- 
panes was painfully in evidence. Too often 
the cement which had been used to cause 
the letters to adhere had failed in its duty, 
and the result of dropped letters was often 
ludicrous and always unsightly. Improvement 
has been made in the cement used or in the 
method of its application, for we do not now 
see the mutilated words that used to constitute 
a guessing competition as to the dropped letters 
in every street. A letter with small diamonds or 
circles of coloured glass was recently introduced 
to the notice of shopkeepers. Its value lies in 
the fact that the lignt shines from the window 
through the letters in the evening. From this 
point of view the new style of letter may be 
acceptable, although in daylight the plain white 
letter looks better. But plain and ornamentally 
glazed letters should never be introduced into 
the same sign or word, although we have fre- 
quently seen it done. 

The disadvantage of permanent window letters 
is that seasons goods cannot well be advertised 
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by their agency. Sometimes a simple but inex- 
pensive expedient is adopted to overcome this 
disadvantage. A little skill, experience, and 
ability to use a compass and square will enable 
anyone to cut from white paper letters perfect in 
form which may be attached with mucilage to 
the inside of the window, and which will deceive 
any casual ol>server into the belief that they are 
enamelled letters. Any smart assistant may 
easily acquire the method of cutting these letters. 
The accompanying sketch of two letters 13] will 
show the mode of marking off for cutting. It 
may be well, after a complete set of letters has 
been cut, to have duplicates made in zinc to 
serve as models for any that may be required 
subsequently, and thereby save the labour of 
marking off again. Great care ought to be 
taken to fix the letters straight on the window. 
Few things look worse than lack of proportion 
or misplacement of the letters, and they should 
be removed with the passing of the season, as 
to advertise an article out ef season is foolish. 

The Sign -hoard. The trading name and 
the nature of the business ought always to bo 
displayed in plain bold letters above every shop 
front. Prominence 
is no excuse for 
neglect of this re- 
quirement. How 
often have we seen 
shops with the 
plain legend 
** Smith & Co or 
whatever the film's 
style might lie. 
Smith & Co. might 
sell watches, t r 
sausages, or anv 
other merchandise* 
for all that the 
shop exterior in- 
dicates. 

Plain Homan letters, or one of their modifi- 
cations, where art has not interfered with 
legibility, should alone to adopted. Look 
down the shop signs in any villago strict 
and one may see written large what sort 
of a man the village painter is. He 'usually 
affects the style o letter he can paint most 
euiily, and it is often a hideous thing of 
blobs and fish-tails that attempt to hide much 
disproportion. 

When the shopkeeper is not quite stem ly in 
his orthography and the painter even worse in 
this respect some marvellous signs are often the 
result. The particular form of originality 
usually taken in such a case is in the profuse 
use of the apostrophe. We have caft written 
cafe, and every jplurai noun r< ndered in a 
possessive form. The punctuation of the sign 
is often bad. A full stop should attend all abbre- 
viations, and should be placed at the end of the 
sign, tut there should be none between the two 
words in such a name as John Smith. Different 
varieties of fettering should not be permitted 
upon a window or shop sign. Uniformity shows 
good taste. 


To be continued 
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THE RELATIONS OF TH& SSMENTS 


The Periodic Law : its Meaning and Power of Prophecy. 
Are the Elements Truly Elementary ? The Atom 


By Dr. C. W. SALEEBY 


A Brief Recapitulation. In the first 

half of the second lesson, as the reader will 
remember , reference was made to the future of 
chemistry in various practical and theoretical 
directions — a subject which naturally came up 
for consideration after the historical study of 
the first lesson. Even in those introductory 
parts of our subjeot it was necessary to speak 
frequently of elements— especially the discovery 
of new elements in the early days and also in 
reoent times. Thereafter it was necessary to 
come to somewhat, closer terms with the idea 
contained in the word elements ; and reference 
has been made to the fact that the periodic law 
has already forced chemists to the conclusion 
that the elements are related, hut that we 
cannot accept the simple view that the atoms 
of all the other elements are compounded of 
atoms of hydrogen. Thereafter reference was 
made to some of the principal elements, 
including those that make up a large part of 
the earth's crust, and also to the metals, which 
art' dealt with in the special course Metai.i.uroy. 

We must now take up seriously the matters 
already referred to- the relation* of the elements 
and tile periodic law. We have by now had 
sufficient illustrations of the general proposition 
with which we started — that matter is of 
different kinds. We have seen that some of 
these kinds present obvious differences, while 
others are hart! to detect from among their 
neighbours. We have seen that some of these 
kinds occur in large quantities in the free state — 
that is to say, not compounded with each other. 
We have also seen that some of those kinds are 
very abundant, whilst others are exceidingly 
rare, and we have mode some reference to that 
group of kinds, long thought to bo socially 
distinctive, which an' known as the metals. 
And now our first concern must be that state- 
ment of the relations of the elements to one 
another which is known as the Peru die Law, or 
the l^aw of Mendeleef. 

The Periodic Lew. Ever since men began 
to arrange the different kinds of matter into 
groups or tables of elements, they have suspect ed 
that there exists some kind of a relation between 
one element and another, a relation none the 
less certain because it was impossible to say 
exactly in what it consisted. Reference has 
already been made +o the suggestion, based on 
the relations of the atomic weights, that all the 
other elements are simply compounds of hydro- 
gen. That, however, could not be acoepted; 
nevertheless the study of the various 
atomic weights led chemists to the conviction 
that there must be some relation between 
the elements, even though it might not 
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be so simple as had been suggested. Then 
again, it was observed that from the various 
elements there could be picked out little groups 
of substances which resembled one another— 
for instance, Chlorine, Bromine, and Iodine ; or 
Calcium, Strontium and Barium. The members 
of these groups resemble one another in singular 
degree , but this in itself was not sufficient to 
excite much comment. The point is that in 
these and in other cases, if we add together the 
atomic weights of the first and the last members 
of the trio and then divide the result by two, we 
obtain almost exactly the figure corresponding 
to the atomic weight of the intermediate member 
of the trio. This suggested that in each trio 
there was a sort of regular stepping forward in 
the complexity of the atom from the lightest 
member to the heaviest. So far there was 
merely probalvlity and suspicion in favour of the 
view that in reality then* is only one element ; 
but a great advance was shortly to be made. 

The Work of Mendeleef. Omitting 
the names and the contributions of lesser men, 
we may pass at once to the great discovery 
of Mendeleef, which will make his name 
immortal. This great student of nature, still 
alive when these words are written, is by 
far the greatest of all chemists yet produced by 
Russia. He was bom 1834 at Tobolsk, in Siberia, 
and was the youngest of a family of seventeen. 
In 18(14. when he w*as thirty, he became professor 
of chemistry in the University of St. Peters- 
burg, and has occupied that chair ever since. 
We may ignore Mendeleef’s other work and 
may confine ourselves to his discovery of what 
he called the Periodic Law. We are about to 
consider the grounds upon which the assertion 
of this law is based ; but meanwdiile we may 
note the remarkable manner in which the law 
has been vindicated by means of its power of 
prophecy. 

The reader will remember the instance of the 
manner in which the law* of gravitation enabled 
astronomers to predict the existence of a planet 
hitherto unknown, in consequence of the dis- 
turbances in the movements of the planet 
UranuB: thus they were enabled to discover 
Neptune. Similarly Mendeleef illustrated the 
truth of his Periodic Law by stating that there 
were certain gaps in the list of the elements as 
stated by chemists in 1871. In that year he 
asserted that there must be three new elements 
which the chemists had not yet discovered. 
He actually ventured to give them names sug- 
gestive of their affinities, to state their atomic 
weights, to describe some of the properties of 
their compounds and the colours of their salts. 
He calloa these elements Eka- Boron, Eka- 
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Mi ptopbeoy came tree, 
hi Mi predicted element* was discovered 
in the year of tire prophecy, another eight 
yean Into, and the third in 1886. Ihey 
an now known as Gallium, Scandium and 
Germanium. Not oontent with this most 
amaafaig of sneoesses, Mendeleef frequently 
dared to assert that the atomio weights of 
certain of the elements as usually asserted and 
accepted by chemists must be incorrect, because 
they did not “ square ” with his theory. 

Lawn and Facta, Now, before we note 
the result of this piece of apparent presumption, 
let us permit ourselves a digression to observe 
that nearly all of us resemble Mendeleef so far. 
We have got a theory with which some facts 
or other do not tally, and we reply with the 
Frenchman, “ Tant pis pour les faits so much 
the worse for the facts. This is the spirit 
which, perhaps above all others, except, of 
oourse, the spirit of acceptance of authority, 
has interfered with the progress of Science; 
but it need hardly be pointed out that in 
Mendeleef *s case there is & fundamental though 
not very obvious difference. 

Mendeleef had inferred, from a large number 
of accepted facts, a certain law. That was, of 
course, a typical case of what is known as 
inductive or & posteriori reasoning, the typical 
method of Science. Then, having reasoned 
backwards from the facts to the law, Mendeleef 
was enabled to reason forwards from the law to 
new facts by a process of deduction or d priori 
reasoning ; out the facts that he thus deauoed 
did not answer to the facts that had been 
stated by chemists as the result of actual 
observation. He therefore requested chemists 
to set to work to make their observations over 
again. He said, in short, concerning elements, 
which perhaps he had never himaelf seen. 

** There was something wrong in the manner in 
which you weighed this substance; weigh it 
again and you will find its weight to be not 30 
but 31.” Well, the chemists set to work to 
obey orders and found that Mendeleef was right. 

Scientific “Law.” This is an instance, 
like the discovery of Neptune, of the 
legitimate use of the & pnori method in 
science; but supposing the atomic weights 
had been found to be not what Mendeleef 
— assuming the truth of the Periodic Law — 
had asserted, then the law would have had to 
go* What we call a law in science is, in the 
first place, a generalisation from, or a generalised 
statement of, a number of facts ; but when we 
call it a law, we assert that it will cover more 
facts than those we have actually observed. 
At any moment such a law must be upset if 
there arrives a fact with which it is incom- 
patible. We may remember Huxley's joke as 
to Herbert Spencer's idea of a tragedy: “ A 
deduction killed by a fact.*’ 

Some twenty years after the enunciation of 
tire Periodic Law there was discovered a series 
of elements, beginning with Argon and includ- 
ing Helium, Krypton, Neon ana Xenon, which 
serened to have no place in the periodic system, 
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ind which — had this suspicion been co nfir m ed — 
would have sufficed to have upset the Periodic 
Law, sinoe any deduction may be killed by a fact. 
But when the atomio weights of these five new 
elements were ascertained, it was found that 
they fitted perfectly and in duo sequence into 
the periodic Bystem just as well as if the great 
discoverer had constructed his theory with 
reference to tlieir existence. 

Evidence for the Law. Let us now 
consider the nature of the evidence upon which 
Mendeleef basod this now universally aoeepted 
statement of the Periodic Law. There wore 
already known the facts concerning the trios 
which we hare named, and also the fact that a 
great many of the atomio weights could be 
reckoned as whole numbers, thus implying a 
relatively simple relation to one another. It 
was an Englishman, John Newlands, who set 
Mendeloef in the right direction, by showing 
that if the elements are arrang**) in the order of 
their atomio weights in a series of lines written 
from left to right in the usual way, and if 
the table is then read downwards in parallel 
columns, we find that the elements of any column 
resemble one another. In other words, it 
amounts to this, that the really essential and 
fundamental fact of an element is its atonic 
weight: all its other prc>|M»rticK, down to the 
nature of its compounds and their colour and 
solubility, could be inferred, if wo knew enough, 
from thiB one given fact, the atomic weight of 
the element. Mendeleef, as we have seen, lias 
already proved that a great many facts can be 
thus inferred. 

Its Most Abstract Statement. Wo 

may then assert that the projicrtio* of on 
element are a function of its atomic weight. 
This is not all, however. It is not merely that 
the elements may bo arranged in a single scries 
in ths order of their atomic weights, anil that 
they then display a simple sequence in their 
properties. On tho contrary, there is a recur- 
rence, or a zig-zag, if one reads the list of the 
elements in such a fashion ; and this recurrence 
or periodicity is displayed when we arrange the 
elements in columns, as has been already shown. 
Hence we must say more than that the pro- 
perties of an element are a function of its atomic 
weight, and must insert another very important 
word, thus: the properties of an element are a 
periodic function of its atomic weight. 

As the weights of the atoms of the elements 
rise, there is a periodic recurrence of their 
properties. It scarcely matters what property 
is taken, we find that it alternately increases 
and decreases as we pass from one end of the 
list to the other. Again, it is found that the 
elements of the tops of the curves — if this 
periodicity has been diagrammatically expressed 
by a sinuous curve — resemble eftte another, those 
half way down the hills resemble one another, 
and so forth. So recently as 1904 the veteran 
chemist of St. Petersburg— retaining, like most 
men whose lives are devoted to science, his 
intellectual vigour at an age when the average 
man is in his dotage— discussed at length the 
evidence for the law which he had discovered in 
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hit youth, in the light of the recent facte which gen more than its predecessor* The relationship 
have been accumulated by chemistry ; and he between the members of such a group is expli- 
waa able abundantly to demonstrate that the cable upon the assumption that the members 
law does indeed correspond to the truth. It is are compounds made up of parts which we call 
as entirely compatible with the thousands of atoms. 

facta which have been discovered by chemists If we turn, then, from such a series to a series 
since 1871 as with the few facts which Mendelee! of “ elements " — so-called — that form a group 

had predicted. under the Periodic Law, we find an almost exact 

Meaning of iho Law. Granting, then. parallelism. There is the same increase in 
that the law is true, and that it is a means of atomic weight and the same regular change in 

discovery and of suggesting the directions in visible properties as are illustrated in many 

which observation has erred or in which it instances from the chemistry of the carbon 
should be extended, we must go much further compounds. Are we not, then, forced to the 
and enquire as to the meaning or significance of same explanation : that just as the molecules of 
the law. these compounds had their relationship ex- 

If we re' urn to the more or less suitable plained by the assumption that they consisted 
analogy furnished by the law of gravitation, we of similar parts — the atoms — so the relations 
shall be able to understand what is meant by between a series of atoms may be explained if 
our search for the real significance of the we again assume that theso also consist of a 
Periodic Law. The fact of universal gravitation Beries of like parts, which are the atoms of the 

does far more for us than merely enable us to atoms. This is the unavoidable conclusion to 

discover new planets or correct our ideas as to which the Periodic Law points us, and this it is 
the movements of old ones; it teaches us that that gives it its deep significance. But at this 
the whole universe, as we know it, is really one, point the law leaves us without further guidance 
and it leads us to the irresistible conclusion that and with no prospect of it. Most positively 
the apparently complete separation between the the law tells ub that the atoms of the elements 
various heavenly l>odios can 1 ms only apparent, are made up of regularly varying combinations 

that they must all be joined together by means of a unit more atomic and more elementary 

of a subtle medium none the less real* because than any known atom or element, but when we 

it happens to be invisible. enquire what is this unit, the law can give us 

Similarly the Periodic Law of Mendeleef does absolutely no answer. No further amount of 
far more for us than enable us to discover new study of the law can do anything more than 
elements or correct our notions as to the projjer- tell us that such a unit must certainly exist, 
ties of the elements already known ; it teaches and for a knowledge of the nature of this unit, 
us that all the elements are" really forms of one to which the law has directed us, we must adopt 
element, and it leads us to the irresistible con- a wholly new set of experiments, methods and 
elusion that the apparently complete distinction observations. 

between them is bridged by a real medium of Chemistry and Physics. This, indeed, 
continuity. The analogy, perhaps, is not a l>ad is one of the many places where chemistry and 
one, for the ether which is regarded as the physics must have recourse to each other. So 
medium of communication between all the far as the resources of chemistry are concerned 
heavenly bodies is now also being regarded as we have reached a deadlock However long we 
the Af*4her of maU*r — the common source of all continue to weigh, analyse, measure, and com- 
the different elements. pare the various kinds of master, there is no 

This, then, is the real interest of the Periodic hope of discovering the common unit, the true 
Law, that it urgently suggests so definite a atom, of which they are all composed. Chemistry, 
relationship between the atoms that we are in virtue of the Periodic Law, merely asserts 
compelled to regard the elements as not that there must bt such a unit. On the other 
elementary, but as expressions of one element. hand, physics could never have reached such 
The Atom not really an Atom. More a conclusion by itself. Physics, in studying 
strictly the law suggests, indeed it proves, that matter under certain peculiar conditions — as, for 
the atoms are not atomic or “ uneuttablo," but instance, the behaviour of matter inside one of 
that they must be made up of par;s which in Sir William Crookes's vacuum tubes — can assert 
the successive atoms of any group of elements that there must be a “fourth state of master,” 
must be multiplied or jointed with one another in which it is neither solid, nor liquid, nor 
in a regular and definite fashion. In fact we gaseous. Physics can even go so far as to assert 
find an extraordinary parallelism between the that matter in this fourth state must consist of 
atomic weight and the molecular weight. When minute particles of uniform size, which are dis- 
we turn to the chemistry of the carbon com- tinguished by carrying each a tiny charge of 
pounds we shall see that there are any number negative electricity. But physics alone could 
of series of compounds which form de nite never declare that all mal'tr is so constituted, 
groups having a regular difference be ween the In order to reach this conclusion, by far the 
molecular weight of each two compounds in the greatest achievement of science during the last 
series, and having this regularity explained by decade, it was necessary for physics and 
the fact that each compound contains, for chemistiy to co-operate, and that is what they 
knatanoe, one atom of carbon and two of hydro- have successfully done. 

To bt continued 
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clerkship KEEPING THE BOOKS OF A SMALL FIRM 

3 The Work of the Junior Clerk. Commercial Terms and Abbrevia- 

_ . , tions. Weights, Measures, and Coinage Systems of the World 

Coquducq from 
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By A. J. WINDUS 

BooKa of the Junior ClerK. As for thin with the money in the cash -box he found 

what is termed single-entry liookkeeping. it is only £1 13*. lOrf. in com and an I O l T for 17. 

really almost beneath our notice. Were it not 
for the fact that, as we shall see, there is very 

little genuine single-entry bookkeeping, and that » ' 

much of what passes for such is a mixture of 
single and double entry, we should scarcely need 
to waste further time on it. Examiners in 
bookkeeping are, however, very fond of setting, 
under various guises, the question, “ What consti- 
tute the chief points of difference between single, 
entry and double-entry * " 

This will necessitate our devoting a future 
paragra{>h to the matter, but in the meantime 
let us suppose that we are dealing with the 
books of a small firm of merchants trading in 
the City of London, and that them* books are 
kept by double entry. The business as yet does 
not need a large staff, and so the office-boy, while 
still retaining the Postage Book, has Urn en- 
trusted also with the care and expenditure of 
the Petty Cash, has had his salary improved, 
and is now known as the junior clerk. Most- of 
the duties of his former jnwt have fallen to the 
lot of the boy in the showroom, who, if he is a 
capable youth, will some day become a salesman. 

The junior clerk has other tasks to take the 
place of those he has given up ; but let us first of 
all examine the book in which he records his 


petty cash transactions. Here is a specimen 
opening or folio ; it is called a folio ticca use the 
number (58) appears on both sides of the ojiening. 
Had the right-hand number been 5b we should 
have spoken of the right-hand side as jtagr 59, 
and of the left-hand side as page 58. The 
table represents Messrs. Bevan & Kirk's Petty 
("ash Book, w’ith the entries therein from Sep- 
tember 20th to September 30tb, 1905. l-et us 
consider the uses of this book. 

The Potty Cash Book. First, the cash 
in hand may be checked at any moment. For 
example, the junior clerk started the day on 
September 20th with a balance in hand of 
13s. Id, How do w*e know this ? By merely 
subtracting from the total amount received 
up to that date the total amount paid away 
(£60 10#. Od. — £59 16*. 1 Id. = 13s. Id.). Of course, 
if there is more or less than this in the till, or in 
the cash -box. some mistake has been made, and 
it is the clerk's duty to discover it. To avoid 
the risk of errors and omissions remaining undis- 
covered, it is advisable to count the cash in hand 
at the beginning of each day, and to compare 
the result with the figures in the Petty Cash 
Book. Thus, the balance at the beginning of 
September 25th, according to the book, was : 
Receipts, £80 10s. ; less Payments, £71 16s. 2d. 
— that is, £8 13s. lOd. But when the clerk tested 
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The reason wa* th at m the SM, vban, a* we 
iMp ill exin large amount of £15 was- drawn 
in anticipation, Mr. Bevan borrowed £7 from 
Betty Cash at he wae going to Manchester on a 
tmemeae trip, and save the junior clerk an 
acknowledgment in this form : 

IOU 

£7, 

Wm. Bevan 

On the 28th, having returned from Manchester, 
he gave the clerk a note of his expenses, which 
amounted to £5 3s. 8d., and paid back the unex- 
pended balance of £1 15*. 4 d„ whereupon the 
clerk entered the former amount as Travelling 
Expenses, and delivered up the 1 0 U to Mr. 
Bevan to be destroyed. Thus the £7 originally 
borrowed has been duly accounted for. 

Keeping the Balance. We have seen that 
the balance at the beginning of the day on 
September 20th was only 13*. Id. The junior 
clerk wisely dec;ided that he would require more 
money before the day was out, and obtained 
£5 to go on with. Notice in passing that the 
date column serves for both receipts and pay* 
moots ; accordingly £10 in the left-nand column 
is placed opposite the date September 30th, 
which moans that it was received on that day. 
Observe, moreover, that wlion one or both of 
the date columns are blank the date immediately 
preceding governs ; thus, having started our 
date column with September, it is understood 
that all the entries w hich follow aw in September, 
unless otherwise stated. Again, although no 
date is placed opposite the last entry we know 
that September 30th is intended because that 
is the date immediately preceding. 

If we inquire whence the money comes which 
the junior clerk receives for petty cash, we shall 
find that the whole of it eonies from the lunik, 
w ith the apparent exception of on amount of 10#., 
w'hich was the balance in hand at the end of 
August 31st, brought fonrard. But the excep- 
tion is more apparent than real. £00 was 
drawn from the bank during the month of Sep- 
tember, And the balance of 10#., making the total 
of the Roeeived column £00 10#., was itself the 
unexpended portion of money drawn from the 
bank at an earlier date. It is, indeed, a very 
important point to remember that nowadays, in 
nearly all well-conducted business houses, the 
whole of the money received from customers and 
other outside sources is lodged in the bank daily 
without any deductions. Consequently, if there 
is no money in the till with which* to meet 
expenses that have to be paid out of Petty Cash, 
the only way to get it is by drawing a cheque 
and cashing it at the bank. We shall see later 
how Messrs. Bevan & Kirk's banking account is 
affected by the withdrawal of £90 in the month 
of September, but we must now deal with the 
Paid column in the Petty tfesh Book. 

Petty Caah Payment*. We observe 
that during the month a total amount of 
£89 18s. lid. was expended, leaving a balance 
of 15s. W. to be carried into the Received column 
on October 2nd — October 1st falling on Sunday. 
For the purpose of analysing this expenditure 
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labour of posting to the Mger-^the np-xw ; 
side of the Petty Cash Book u nded with several 
money ooltunns and one folio column. Each 
payment, besides being entered in the Paid 
column, finds a place in one or other of the 
analysis columns, and it therefore follows that 
the cross-casting of the totals of these columns 
should equal the total amount expended : 7s. 2d. 
+ 10s. 2d. + 3s. 4d. + £3 11s. lid. + £2 0s. Od. 4* 
£83 Is. 44. » £89 13s. lid. Having proved in 
this way the correctness of our analysis, the next 
step is to make use of the information it affords us. 
This we shall proceed to do in the next article. 

The Clerk in Shakespeare's Days. 
Knowing what is to-day expected even from 
the office-boy in the way of accomplishments, 
it is amusing to learn from Shakespearean 
drama what the populace thought of clerical 
skill in the days of the Tudors. The passage is 
taken from the second part of “King Henry 
VI.,” in which play the rebellion of Jack Cade 
occupies a leading part: 

Scene II Blackheath. 

[ Enter some , bringing in Ike Clerk of Chatham.] 
Smith. The Clerk of Chatham : he can write and 
read, and cast account. 

Cade. O monstrous ! 

Smith. We took him setting of boys copies. 

Cade. Here’s a villain ! 

Smith. *Has a book in his pocket with red 
letters in *t. 

Nay, then, he is a conjurer. 

Nay, he can make obligations and write 
court-hand. 

I am sorry for *t : the man is a proper 
man, of mine honour ; unless I find 
him guilty, he shall not die. — Come 
hither, sirrah. I must examine thee: 
what is thy name T 
Emmanuel. 

Dost thou use to write thy name ? or 
hast thou a mark to thyself, like an 
honest, plain-dealing man ? 

Sir, I thank God, I nave been so well 
brought up that I can write my name. 
He hath confessed : away with him ! 

he’s a villain. And a traitor. 

Away with him, I say ! Hang him with 
his pen and ink-horn about his neck, 
[jfrevw* some with the Clerk . ] 

Now that our junior clerk is fairly launched 
on his career, it will be well for him to pause 
for a time to consider the various technical 
terms with which he ought to be familiar. The 
short dictionary of these which follows deals only 
with the common terms in general use. It is not 
{lossihie, of course, in so short a space, to include 
those which are peculiar to any one branch of 
theprofeesion. 

The list of Abbreviations, and the Table of 
Coinages, Weights and Measures for the chief 
countries of the world, will be found equally 
helpful 

Note. The figure 2#. 2d. near the bottom of 
the last column in the table on page 145 should 
be 2^64. 


Cade. 

Dick. 

Cade. 


CM. 

Cade. 


Clerk . 

AU. 

Cade. 



DICTIONARY OF COMMERCIAL TERMS 

Compiled by C.S.K«rr. 

AMWfMtfc*' In bnokvtasn ezplaiMd In the DieUonafy of Abbreviation* nppondod. 

A Sg*?r ?^ -.» > t" on to wbo ™ “ MM of Sntry-SUUoieut to CuKom* 

Si This ornate It shipped. 

* c i i ? n *H d 10 *** °* Exohanve [BE]- Order signed 

Att^hmenrN^or-^ct.,,, 

to third parties, called garnish***, that 
property held by them, belonging to a 
person on whom some claim is made, 
must not Ite disposed of pending settle- 
ment of claim. 

Attorney— One empowered by means of 
a document (called the power of nttor- 
nry) to act and sign on behalf of 
another. 


. »» Rotten or- In 

> in sura nce, a notice to under- 
JtttMi, prtor to making claim for 

%S£s^$^r ni r ** at3 

t — A summary or 


abridg- 


Aooommodatton MU — Bill of ex- 
change, not founded upon a prior 
debt, but accepted for the acoomno- 
dotson of one or more parties to the 

Account [ A/e]— Collection of items 
under one ledger heading. Also a 
statement showing cost of goods 
bought or sold, or the amount owed by 
one person to another. 

Aeeountant — A person skilled in keep- 
ing accounts. 

Account Current [A/Cl— A statement 
in the form of Dr. and Or., giving de- 
tails of a series of mercantile trans- 
actions, in order of data}, between 
certain parties. 

Account Sales [A/SJ-Account show- 
log particulars of tale* effected and 
expenses incurred by an agent on be- 
half of his principal. 


Audit — Examination by qualified per- 
sons, called awlitorx, of ltonk* sod 


accounts to prevent or discover fraud 
on the part of the i>orson keening 
them. 

Average [Av.l-A term in marine In- 
surance for dividing the loss to insurers 
cm any damage or extraordinary expen- 
diture in respect of ships and ginxl*. 
When incurred for the common safety 
or benefit it is termed general average, 

. . - , „ otherwise it is jnrticulnr average. 

Actuary-A person specially qualified Average Stater- Person employed by 
to make computations relating to life the insured to prc|*are statements of 
insurance and similar schemes. 

Adjustment— Settlement of a claim, in 
particular of an insurance claim. In 
bookkeeping, the rectification of 
differences between two accounts or 
sets of figures which ought to agree. 

Ad valorem duty- Duty levied on 
merchandise in proportion to its value 
and not according to quantity. 

Advance— Money on account of pay- 
ment for sales or services. 

Adventure— Trading enterprise of a 
speculative nature. 

Advice— Notification regarding mercan- 
tile transactions, especially despatch 
of goods. 

Affidavit— Sworn written declaration. 

Agenda— Memoranda of thing* to U 
done. 

Agio — Difference in value lietween 
various kinds of money of the same 
country and denomination. Also differ- 
ence Iwtweeu real and nominal value 
of money. 

Allotment— Distribution of shares of 
an incorporated company. 

Annuity— Fixed amount payable each 
year either in one sum or by Instal- 
ment*. 

Annuity-certain— An annuity U*gl li- 
ning immediately, payable over a 
definite term of years. 

Annultv-eontingent — An annuity 
payable only when prescribed con- 
ditions are fulfilled ; e.g. a life annuity 
ceases with the death of the annui- 
tant. 

Annuity-deferred — A deferred an- 
nuity is one which (begins after the 
expiration of a certain period. 

Arbitration— The settling of disputes 
by decision of neutral persons (arbi- 
trator*) chosen by mutual arrange- 
ment. 

Arbitration of Exchange -Compari- 
son of direct rate of exchange for re- 
mittance between two countries with 
that obtained by remitting through in- 
termediate places to see which is more 
advantageous. When sent through 
one intermediate place only it is called 
mmvU arbitration, when through more 
than one, compound. 

Articles of Assoeiatlon-A deed con- 
taining the Internal regulations of an 
J may, by which the 

the Winces Is 


Amt l-Tbe term given to the entire 
value ' 


of value of a person or 
«*<*»>«• °-h, propwtiM, 


marine insurance claims, which some- 
tinies are very intricate. 

Award— The recorded decision in an 
urbitrat ion. 

BACKWARDATION— Stock Exchange 
charge for post {Killing the settlement 
ofa“lK*ar' account. 

Balance of Trade — Difference la- 
tween total value of u country's 
iinimrtH and exports in a year. 

Balance-sheet- Attract shea lug lia- 
hi lilies and assets of an undertaking. 

Bank - An eatablishment where money 
^received for custody or dcjMwit, and 
repaid on demand or according to 
arrangement, or remitted according to 
instructions. 

Bank Bill Promissory Mote or bill of 

exchange issued or accepted by a 
I tank. 

Bank Charter -Charter of Incorpora- 
tlon of the Hank of England. First 
issued in 101*4, hut rtuewcd in modified 
forms at various Intervals. Confers 
privileges on the Hank of Eugluud 
which are not enjoyed by other 
banks. 

Bank Notes— Promissory note* on lank 
of issue, promising to pay their face 
value to licarer on demand. 

Bank Pott Bill rB.P.B.J -Bank of 
England bills of Exchange for {mjsUI 
payments payable to order at 7 or 
no days sight. 

Bank Rate - Percentage charged by 
Hank of England for discounting bills 
of exchange. 

Bank Returns— Weekly statements 
shewing financial Monition* of national 
hanks. Issued for Information of 
public. 

Bankrupt— When a i»er*on is insolvent, 
i.e. unable to pay his debts hi full 
and is compelled to place his affairs 
in the hands of Ids iTeditora, upon 
application by himself or his creditors 
he will be adjmigcd a bankrupt by the 
court 

Barratry— Fraud or criminal conduct 
of master or mariners of a vessel 
whereby either the owners or tnsureis 
of ship or cargo are exposed to loss. 

Bartur— Exchange of goods for goods 
without the aid of money. 

Bn r— speculator who tells for future 
delivery stocks or shares he does not 
at present {tosses*, hoping to buy them 
in meantime at a lower rate. 

BUI Book [B.B.J— Book in which a 
record of Bills Payable and Receivable 
Is kept 


to lie made by another (the ttrawm) to 
the drawer, or anyone appotuted by 
him. 

Bill of Lading [B/L I— Document ac- 
knowledging reeeijd of goods on Itoord 
ship for carriage on agreed conditions, 
BUI Payable tB'P}— Hill of Exchange 
or Promissory Note, amount of which 
Is {tayahle by giver at a future date 
named therein. 

Bill Receivable (B.H1 — lilll of Ex- 
change or Promisaory Note, value of 
which is receivable by holder at a 
future date, named therein. 

BUI of Sale IB/S I A rontraet making 
alisolute or conditional transfer of title 
to goods a* security for debt. 

BUI of Sight Fix) visional form of 
Custom* declaration bv importer given 
a hen he is ignorant of exact nature or 
quantity of goods to Ih* landed. Ue Is 
t hus enabled to Niibaoqucntly make a 
correct Hill of Entry. 

Boarding Stations - Places ap|ioiiitcd 
where snips bring to so that ('uslotmT 
officer* may Imard them for exami- 
nation. 

Bond A document by which a per- 
son agree'* to jwty a certain sum at a 
stated time, or under certain circum- 
stances. 

Bonded Warehouse- Secure {dace 

sanctioned by Board of CiiNtomM for 
de|Nwit of dutiatile g»**ls, without 
payment of duty until they are cleared, 
i.e. removed, (iood* thus stored arc 
railed Itunried Uootl*. 

Bonus An extra dividend given to 
shareholder* in a public ruiiipnti.y, 
when r*|ieriaHy g<M*l profit* arc made. 
Also U*nn given to a periodical addi- 
tion mode to {Kilicles of Life lu*iiraiice 
out of CoiujMuiy'H profit*. 

Book Debts Amount due to a trader 
from Id* debtor* u* mIiowii by hi* 
i>ook*. Generally divided Into three 
classes— “ good,” “ doubtful," “bail.'' 

Bcttomry Bond- lhe mortgage «*f a 
ship by captain or owner* to obtain 
money needed for siiecial pur)***?*, 
such a* effecting repair*. 

Bought and Sold Notes -fontraet* 
which broker* and other* send to each 
other on conclusion of the arrange- 
ment* for sale* or purchases. Also 
known a* “ Contract. Note*." 

Bourse— < 'onUuental Htock Exchange* 
or Money Markets. 

Brokerage Remuneration to broker* 
for their service*. 

Brokers Middlemen Itetweeu buyers 
ami Metiers of commodities There 
arc various ciasse*, the follow lug lielng 
example* : 

BID Brokers— person* who deal in 
Hills of Exchange. 

Insurance Broker* — |K*r*ons who 
effect insuranoe, acting for isi- 
surer* and insure*!. 

fihip Brokers— j*er»*His who procure 
cargoes for ships. 

Stock Brokers- persons who buy and 
sell Stock Exchange securities for 
the public. 

Bucket Shop-Office of outside stock- 
Itroker or one who does not (teloug to a 
recognised Stock Exchange. They are 
often fraudulent ooueeros. 

Ball— Speculator who (my* stocks or 
*i tares, (toping to sell in the meanwhile 
at a high rate Indore time of settlement 
arrives. 

Bullion— Oold and silver not coined into 
money, but in liars and oilier forma 
Sometimes the term is used to Include 
gold and silver In coined state. 
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OAUr-A demand for money in payment 
of instalment due on •harm in public 
companies. 

Cancel- To write aero** a Hill, Bond, 
etc., the word c&nc*it*ti, thus making 
It of no effect. 

Capital- Tin: amount invented in a 
bunl ne** or public eom|«ny. 

Carjro Merchandise earrh*d on Imard 

Cash 1 - The tenu given generally to coin 
or Imnku'itc* ; sometime* Includes 
draft*, Ixuid*, and other readily nego- 
tiaide IriMlruntent*. 

Cash Account All aciouut In which 
only entrie* relating to cash trans- 
action* air made. 

Chamber of Commerce ~ A local 
a**<«clatioii of men lutct'c*lcd In coiu- 
inurcc ; formed for the regulation and 
protection of trade intercut*. 

Charter A crown grant which eon* 
fen, privilege* on recipient* u|*»u the 
fulfilment of lertaiu specified eon* 
dltlon*. 

Charter Party IC/PI An agreement 
whereiiy a *hip or part thereof I* hired 
for a certain time, voyage, or iiiiiiiUt 
of voyage* 

Cheque A written order to a banker to 
nay the |M*noti named therein, or one 
duly auViori*ed to represent him, a 


•tated *um 



If crossed 


imminent inn only lie 


obtained through another hank. 

Circular Note 1C N I— Letter of credit 
ta«ued on foreign firm* l*y tankers to 
travcltwr*, no that the latter do not 
l»ave to carry Inconveniently large 
*iiuih of moiic> 

Circulating Medium Hie authorised 
or recognised mean* of making j«y- 
menu 

Clearing -This term i* used In different 
hranchc* of tratlc to denote different 
action*. For instance, to Clear a Vessel 
I* to fiirnlRh Particulars of a *ldp and 
it* cargo at the t'tmtom House when 
It in al*mt to leave |x»rt. nearing in 
Hanking I* a plan adopted by Itanker* 
for exchanging cheque* and bill* daily 
instead of prvucuting each one sepa- 
rately at the Hank or hnainrsn Ikhiw 
uikhi which they are drawn. Railway 
nearing is carried on by the aanoclatlou 
regulated by Art of Parliament, by 
which English and Hootch Railway 
Com panic* are apitorUonod out the 
amount* due to them in couNideratlou 
of traffic which pause* over the line* 
of more than one com|»aiiy. 

Collateral Security— An indirect or 
secondary security generally for the 
fulfilment of a contract or for money 
lent. 

Commission— An allowance according 
to value made to agents for transacting 
business for other*. 

Company- Association of jwrsons for 
developing or carrying ou any business 
or luuuneatea 

Composition— Part payment by a bank- 
rupt or insolvent In settlement of debu 
owing by him. 

Compound Interest - lnurest paid wot 
ouly on money lent, hut also on the 
Interest which accrue* thereon from 
time to time, and which is added u> 
the original amount, instead of being 
paid to the lender when due. 

Concession- A graut of privileges by s 
Government to person* carrying out 
undertakings which will ta beneficial 
to the Interests of the country. 

Consignment— 0<*xt* sent to a person 
(called the Consignee) by another 
(called the Consignor) for sale or for 
delivery according to given direc* 
Horn. 

Consul — An officer appointed by the 
Government of a stale to protect its 

or 


commercial Interests In s foreign 
country. 

Contango — The additional rate of 
interest charged fur carrying over a 
“ bull ” transaction till the next settle- 
ment day. 

Contingencies- LlaMlitle* which may 
protahly arise. Imt which cannot be 
provide*) for with exactitude. 

Continuation - tarrying over trans- 
actions from one settling day to 
another. 

Contraband Good* imported or ex- 
l*»rtcd contrary to the law of the 
country. 

Contract - A binding agreement. 

Coupon- A note or warrant for interest 
or dividend attached to transferable 
iNind* for the pur fume of being de- 
tached and presented for payment 
when such Interest or dividend falls 
due. 

Credit I Cr. I - Turin used when goods 
are supplied with the umlerstanding 
that payment shall lie made at a 
future dab- The {Mrsoii who thus 
sell* hi* gofsl* is railed the Creditor 
and the buyer the Debtor. 

Currency The lawful coinage or 
mean* of making payment iu a omntry. 

Customs Dulles Taxes levied upon 
the linriortation or exjiortatioti of 
cutniWHiilie* ; generally imposed as a 
mean* of revenue to a country. 

DAYS OF CRACK -The munlier of 
days whleh expire after the day stated 
ou a bill of cxehangc a* that on whieh 
payment i* due l adore such payment 
ran Ik- legally demanded. The munlier 
varies in different parts of the world, 
but iu tlie C nited Kingdom and the 
I idled State* three days ore allowed 
on all bill* of exchange except ou 
those jiayable on demand or at sight. 

Debenture - Deed* given py public 
eoiiipauies as mortgage* on tlielr pro- 
perty for money lairrowed. Should 
the lender not lie re|Htid at the 
specified time. c>r In the event of de- 
fault, he has a right to foreclose, 
i.f. to seize the pru|ierty on which the 
mortgage is raisinl. 

Debit To make an entry on the Dr. 
Hide of an account. 

Del Credere An engagement entered 
into by an agent, for which he receives 
an extra etui i mi anion, by which he 
guarantee* that all goods which he 
may sell for his principal shall lie paid 
for. This extra commission is called 
n Del Credere Commission. 

Demurrage- A charge i>er dav made 
by the owner of a vessel a* cotujieii- 
nation for it* detention tayond a 
specified time. 

Dependencies -Tlie term given to 
asset* whirh may protahly accrue, 
but whose amount one cannot deter- 
mine correctly iu advant't* 

Deposit The name given to a sum of 
money when placed with hankers at 
an agreed rate of interest for a stipu- 
lated time, though sometime* placed 
for an unlimited time. Alao the part 
iMiyment of gtasls at time of ordering 
and Indore delivery as evidence of 
t* ntt-tide*. 

Depositor one who makes a deposit 

Derelict— Vessel found at sea w itbont 
an v one iu charge- 

Deviation- Marine insurance term for 
departure from terms of policy. If 
such departure 1* avoidable, it release* 
the underwriters from risk. 

Directors— Pen* m* who carry on tlie 
managemeut of a ltu*ine» for It* pro- 
prietors. 

Discount— Allowance for payment when 
made before due. 

Dishonour a BUI, To — When the 
drawee refuses to accept a Rill, or an 
acceptor fail* to pay It when due, the 
Ril) Is sakl to be dSmnoevud. 

Dividend — (a) Payment of share of 
profits doe on money invested; also 


Interest on Katkmal Debt, (b) Money 
paid by bankrupts to creditors reck- 
oned at so much ** in the That Is 
to say, for each 20*. of debt he pays a 
sum in the proportion of his assets to 
his debt*. 

Dock— An artificial liasin in which ships 
are received for loading and unloading 
cargo, or for the purpose of being 
repaired. The tolls cltarged for use 
of dork* are called Dock Duet. 

Dock Wamtnt— Warrant for goods in 
charge of dock compsuies giving full 
particular* of such goods. 

Dock Weight Notes — Document* 
Issued by dock companies giving speci- 
fications similar to dock warrants of 
imi>ortrd goods, but given upon pay- 
ment of deposit, whereas warrant* are 
only issued after full payment. 

Drill— A term used in several ways, 
t'snally denotes a cheque or bill of 
exchange. 

Drawback— Duty jwdd on imiwirted 
goods, but repaid owing to re-exporta- 
tion. When goods upon which excise 
has l»een paid are exported, the 
amount thus (tail) is returned and is 
also called drawback. 

Drawer— For this term, and for Drawee, 
see hill of ExcJuuujr. 

Dunnage- Anything used to protect 
ships cargo from damage during 
voyage. 

Duties Tax, toll, or im|a>st ujion mer- 
elmndise. 

EMBARGO- Order which preventa a 
ship h sailing or removal of goods. 

Endorse - ' v hen a person (called the 
endorser) sign* hi* name on the liack 
of a draft, etc , he endorses it. 

Entrepdl Intermediate jnirt or ware- 
house for the temporary reception of 
mereiiandise in course of transit. 

Exchange— To give or take one thing 
for another. 

Exchequer Bills— Promissory notes 
issued by Parliamentary authority. 

Excise- Also called Inland Revenue. 
A tax or duty ujsm certain articles of 
home production and consumption. 

Executor— Person appointed by a tea- 
tapir to see that tlie instructions iu 
his (the testator'*) will are duly carried 
out. A woman is an Executrix. 

Ex-Dividend [x d] — Without the 
accrued or accruing dividend. 
Ex-Interest [x ini — Without the 
accrued or accruing uiterest. 

Exportation-Sending goods out of the 
country. 

FAILURE— Suspension of pay ineut by 
a debtor when he cannot meet de- 
mands. 

Fathom— Six feet. Commonly used by 
sailors. 

Fiduciary Loan— Loan granted to a 
person without security by s lender 
w ho trusts to the Itorruwer s honour. 

Firm— Business carried on by more than 
one person, or in the name of more 
than one person. 

Flotsam— Goods fouud floating after 
shipwreck 

Force Majeure— Circumstances over 
whieh human beings have no control. 
Foreclose, to— Hee fob* nturm. 

Free Port-Port where no import or 
exp«irt duties are levied. 

Freight — Charge made for carriage of 
goods by water. Also a ship's cargo. 

Funds— Stock ; capital ; interest — 
carrying Government debts and 
Government stock. 

GARBLE — Dross or refuse picked from 
•pices, tobacco, etc., in sorting. 

Garnishee-See Attachment, Satie* ttf, 
fur this term, and also for Gdmue- 
ment 

Gazette. the London— The official 
paldleatioa of the Government. 

Goodwill— The value of an established 
tmsincss connection. 
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Grots'— Weight or amount without de- 
duction whatsoever . A gross of articles 
mean* 144 article*. 

Guarantee — U ndertaking to fulfil 
another person's engagenteuU should 
he be unable to do no. 

HONOUR* TO— To meet a claim or 
obligation at the proper time. 

Hypothecation— The giving of a lieu 
upon probity or the pledging of docu- 
ments conveying right thereto whilst 
retaining possession of property. 

IMPORTATION - Brlngiug of goods 
into a country. 

Inpost— Tax or duty, generally on 
imports. 

Indenture— Written agreement with 
•pedal provisions. 

Insolvent- Person whose assets are 
less than his liabilities. 

Insurance— Contract lietween two par- 
ties, whereby one (the insurer) agree* 
to indemnify the other (the insured) 
against loss in the event of certain 
s)H*cified occurrences, in consideration 
of the jiaynieiit of an agreed sum. 

Interest— Profit derived from the em- 
ployment of capital, cither invested or 
oil loan. 

Interim Dividend -Provisional distri- 
tuition of profits either Indore proper 
dividend or Iwforu net profits are 
known. 

In transitu— In course of transit. 

Invest -To lay out money with the 
idea of makiug profit. 

Invoice— Account sent by a seller of 
goods to the buyer giving particulars 
of quantity aud price. 

JERQUE*— A Customs official, who 
examines ship's cargo to prevent goods 
living imitorted without paying duly. 

Jetsam— Term used in marine insur- 
ance when a ship's cargo or part 
thereof is cast into the sea and sinks. 

Jettison-The sacrificing of a part of a 
ship s cargo or rigging to preserve the 
remainder. 

LANDING AOOOUNTS— Dock com- 
panics actx units of all goods landed, 
with full particulars as to weight, con- 
dltion, etc. 

Landing Walter— Customs official who 
examines goods liable to duty after 
landing. 

Lay Days— Days allowed for hmding 
or unloading ships as agreed iiimui 
lietween owners and charterers. 

Lazaretto - Building or ship in a sea- 
)>ort where goods from sliips in 
quarantine are fumigated. 

Lease— Conveyance letting premises or 
land for a certain number of years. 
The person who grants this is the 
Lessor; the person to whom it is 
granted is called the Lessee or Lease- 
holder. 

Letter of Credit— Letter given by 
hankers or merchants authorising their 
agents to pay money to the hearer. 

Letter of Licence— Document signed 
by creditors of person insolvent or in 
difficulties, allowing his business to lie 
carried on for a specified time without 
payment of their claims. 

Letter of Mara ue— Government 
licence issued in time of war autho- 
rising merchants to fit out privateers 
to prey upon the enemy. 

Lien— Right of claim upon goods, etc., 
generally granted as security for debt. 

lighterage — Charge for carriage of 
goods by water In barges or lighters. 

Limitation — Statutory period after 
which debts cannot be reoovered, 
usually six years, but sometime* 

Umlte2 Liability Company— Public 
company in which shareholders can- 
not be railed upon to pay more than 
the nominal value oi the share* held. 


Liquidation- The winding up of a 
business. 

Lloyd’s— The rooms at the Royal Ex- 
change where underwriters attend to 
transact business. Formerly they met 
at Lloyd's Coffee House, whence the 
name, 

Lloyd’s Bonds- When a company has 
issued tile full legal amount of deben- 
tures aud wishes to incur liability, 
promissory note* arc given as security, 
and these are called Lloyd's Bonds 
after the name of their originator. 
Locum Tenons — Temporary substi- 
tute. 

Log Book~-B»*»k kept by captain of a 
ship for recording particulars of 
voyages. 

MANIFEST- Statement from owners 
of ship giving full details of cargo and 
voyage sent to their agents. It is 
made out previous to the ship s sailing, 
ami a copy given to ruatoins Autho- 
rities. 

Master- Navigator of a merchant ship. 

Maturity - Date when drafts, etc., lie- 
coiue due. 

Measurement Goods Nnme given to 
gout* which take up more than Die 
average room in i>ro|»ortion to their 
weight, liecause freight is therefore 
charged ujam the space. Forty cubic 
feet are reckoned as a ton, 

Memorandum of Association — 
Stamped doenmerit setting forth the 
objects, capital, etc., of a limited 
liability company. 

Merchandise <hs>ds generally. 

Merchant A trader, especially one till* 
porting or exjiortiug. 

Metric System— Hystem of weights and 
measures founded on Decimals, bee 
Mathematic s, for full cxj.o«itioii. 

Middleman- An intermediary, such as 
an agent, broker, etc. 

Mlnute-bOOk ~ Book ill which arc 
entered the records or minute* of the 
meetings of a public comjiaity or 
a»»ciety. 

Monopoly— Exclusive right to carry 
ou a certain bus mess in a country. 
Government trailing iuono[ioticM liave 
long lieeu illegal in lirust Britain. 

Mortgage - Pledging of pioperty os 
security for debt. Hhould the interest 
not l»e jiald, the lender may seixe the 
property. 

Muster- A sample. 

NEQOTIAGLfl DOCUMENT One 

whleli, when transferred, curries with 
it the legal riglit to the property 
a|*ccifled therein. 

Nett, or Net - What remains after the 
total deductions, if any, have Iseen 
made. 

Notary Public [N.P.] -Official autho- 
rised to attest or copy written dt*:u- 
menu. lie also present* for the 
second time dishonoured or iton- 
aecepted hills, protesting against and 
notiug the dishonouring. 

OPEN POLICY - When the value of 
a cargo cannot lie exactly fixed, insur- 
ance is effected for an estimated sum 
and adjusted afterwards. 

PAR— The origiual amount paid for a 
share. 

Pass Book— Book given by a hanker to 
cusU/raer and showing receipt* and 
payment* on the latter's account 

Patent— Privilege granted to an in- 
ventor, giving sole right to manu- 
facture his Invention for a term of 
years. It* holder is called the Patentee. 

Par cent. Lp.c. or >}— Proportion per 
hundred. 

Permit— Revenue officer’s permission 
to remove articles on which duty has 
been paid. 

Pilot — Qualified person authorised to 

, navigate ships in dangerous places 


Plant— Machinery, tools, etc., used to 

carry on a business. 

Policy— Document setting forth Insur- 
ance contract terms. 

Post-date, To- To date a document 
forward. 

Prdcls— Auahridgiucut setting forth the 
most Important contents of a docu- 
ment or documents in the form of a 
narrative. 

Premium -<<») Periodical payment for 
insurance. (/<) When sunk Is quoted 
aImivc par the excess is premium. 
Present a BUI, To- A hill is pro- 
Rented for acceptance or ltaynieitt. 
Price Current [P.C.] ~ List issued by 
a merchant or manufacturer to cus* 
( oiiiers showing current market price! 
of gtNMls. 

Prime Cost- Original coat of ail article 
liefure any charge Is added 
Procuration — Authority to act for 
another. 

Produce - Native productions. 

pro FormA Before engaging in an 
adventure a merchant usually lias 
what is called a pro forrnk ’* account 
sale* drawn up from |Mi*t similar traiw- 
actions to find out probable result of 
the deal. Pro foruik Invoice i* one 
sent for iiayment before dispatch of 
the goods, or in order that a prospec- 
tive buyer may find out the cost of 
certain goods. 

Promissory Note— Written promise to 
|s»y a sum at. a *|*cclfiod time. 

Prompt * The date on which payment 
should lie made for gissla sold on 
credit as agreed. 

Proof In Bankruptcy ~ Creditor's affi- 
davit that Ilia claim on a lumkrupt's 
estate is correct. 

Pro rata— In proportion. 

Proxy -The name given to a person who 
acts for another, and also to the docu- 
ment which authorUcM him to act. 

QUARANTINE Prohibition of com- 
uiunication lietween the shore and 
shlfsi from which there Is feat of Infec* 
tion from contagious disease. 

Quotation Prices at which a merchant 
offers goods. 


RAILWAY OLEARINQ HOUSE — 

Sri- Clearing. 

Rate of Exchange - The Amount given 
In one country's currency for a sum In 
another ciirreiiry. Hub** of exchange 
fluctuate under various Influences. 

Real Estate Immovable properly. 

Rebate - Allowance given by hankers 
In consideration for taking up a hill of 
exchange Indore it has matured. 

Receipt W ritten acknowledgment 

that something has iieeii received. 

Reference— Declaration as to a person's 
commercial integrity. 

Remittance -Mum of money sent. 

Reserve— Fumls kept apart to meet 
*|K*cial contingency. 

Revenue— Income, usually of a country. 

Reversion "The right to property on 
the occurrence of a certain event, such 
as, e.g. the death of a person. 

SALVAGE — Good* rescued, or the 
money paid for their rescue from 
damage or loss at sea, or fire on land. 

Sample — Mtuall quantity of goods given 
a* a specimen. 

Scrip ~ Receipt for money paid as instal- 
ment* for shares in public companies. 

Securities Document* giving to the 
bidder the right to possess certain pro- 

Set-oSr— When fine person makes a 
claim on another and the latter makes 
a counter-claim on the same matter 
the latter claim la a set-off. 

Settlement— Payment of an account. 

Shares— The units of ownership in a 
public company, generally £1, £10, or 
£XU0. 





Simple Intarast— Internet on money, 
|Mb 4 irlwn due to the lender. 

Sinking Fond —A fund bunt up tar e 
•pedal purpose, usually the redemp- 
tion of capital. 

Steeping Partners — Business asso- 
date* who take no active management. 

Solvent— Able to pay liabilities in full. 

Spacte— Coined money. 

Staple— The main production of a 
country or a town. 

Sterling- The name by which English 
money is distinguished. 

Stevedore— Kx|iert employed to super- 
intend Uie stowing away of a cargo, 
to prevent damage. 

Slook -"<<*) Accumulation of goods or 
money, (b) The share capital of a 


put die company. 

Stock Exchange— The building in 
which stockbrokers carry ou business. 


Stop a Cheque, To-To give instate- 
Hons to one s bankers not to pay a 
certain cheque. 

Supercargo— A person on board ship 
in charge of cargo. 

Suspension of Payment — Discon- 
tinuance of paying debts upon dis- 
covery of insolvency. 

▼Mg— Allowance made for the weight 
of the package containing goods. 

Tariff- Table of charges 

Tender— Offer for the supply of goods 
upon stipulated conditions. 

Tret— An allowance of 4 In every 104 on 
certain gix*!* for waste, etc. 

Trinity House — The establishment 
which superintends British shipping 
interests by erecting ami controlling 
lighthouse*, etc. 

Truck System -Part or total payment 
of workmen in goods Instead of money. 


Trustee— Penan auth ori se d to manage 

the prope rty of another. 

MU Ml— Quantity wanting to dll a 
cask. Bometimes applied to the quail- 
ttty of liquor in a cask. 

Underwriter (U/wl — A marine In- 
surer; so called from hie signature 
under each policy. 

Usance— Period allowed between two 
places for the currency of foreign bills 
of exchange. 

VENDOR— A seller. 

Voucher — Written document giving 
proof of money transaction. 

WHARPAOg— -Charge made for the re- 
ceipt and removal of cargo either in 
loading or unloading. 

Winding-up— Settling affairs prepara- 
tory to the termination of a business. 


A SHORT DICTIONARY OF COMMERCIAL ABBREVIATIONS 


To, at, or from 
A/C— Account Cumuit. 

A/c~ Account. 

A/d - After date. 

Adv.- Advice. 

Ad Vt.— Advertisement. 

Agst. Against. 

Aft. Agent. 

At- -First Hilass at Lloyd's. 

A/S - Account Hales. 

Afin. Association. 

A/V - Ad valorem, according to value. 
Av— Average. 

Back. MackvtardaMuti 
Bel.- Balance. 

B.B. Bill Book, 
b d- Brought down 
B ''E * Bill of Exchange. 

B/F - Brought forward 
B/L-B1U of lulling. 

B.N.— Bank Note, 
bo— Brought over. 

B/P BUI Payable. 

B.P.B. Bank Post Bill. 

B/R Bill Rccelvahlr. 

B B - Bill of Hale. 


C/A- CapiUl Account 
C.B. t'asli lkH>k. 

C d t’arried down. 

C/F— 1 Carried forward. 

Cgo. Contango. 

Cm.- -Custom House. 

’Change Exchange. 

Chq, Cheque. 

C.u.-i‘«st, insurance and freight. 

C/N -Credit or elrcular note. 

Co.— L'otunany, County. 

C/otarriwl over {Hook 'keeping} 

0 0 -Care of. 

C.O.D.— Cash on Delivery. 

Com. —Commission. 

C.P.— Carriage paid. 

C/P -Charter Party. 

Cr.— Credit, Creditor. 

Curt.— Current ; of the (iresctit mouth. 
Curt. — Hundredweight. 


d,— Pence. 

D.B.— Day Book. 

Dbk. -Drawback. 

D/d— Days' date. 

Dab.— Debtmturr. 

lil-biMKNtllt 
D/N— Debit Bote, 
do. or ditto— The same. 
do«.— Dosen. 

Dr,— Debitor, Debtor. 
Dr*.— Debtova. 

D/S— Days' sight 
D/W— Dockwairant 
Dwt.— Pennyweight 


E.|L— Errors Excepted. 

EfiO. E. — Brron « Dmimkats Bxoepted. 

arfssa* 

fiSi 


, F.O.O.— Free of all avenge. 
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F.a.*.— Free atongnlde. 

F.a.q.— Ksir average quality. 
Fop.— Foolscap. 

F. ft. — Free of liicoine tax 
F.O.b.— Free on tioard. 

Fol. — Kollo. 

F.p.a. -Free of partleu lar average. 
Frt.- Freight. 

Fthm.— -Fathom. 


C/a— (Icnoral average. 

G. B.— Ureal Britain. 

G.P.O. -tleneral Post Office, 
gr. Ortsts. 

I.B. Invoice Book. 

I.a. That la 

Inst.- Of the present moiit* 

Int. Interest, 

Inv.- Invoice. 

I.O.U.- 1 owe you. 

I.W.-lsle (d Wight 

J/A- Joint Account. • 

Jun. or Jr. -Junior. 

Pound sterling. 

£E— Pounds Egyptian. 

£T— Pounds Turkish. 

lb. or lbs. - Pound avoirdupois. 

L/C” better of Credit 

£.f.d.— Pounds, shillings, pence. 

Ltd.- Limited. 


M/d - Months' date. 

Messrs. Sirs. 
Mo*.— Months. 

M/l - Months' sight. 


N.B.— A’ofn bmr; Mark well. 
N.B.— North Britain, ie. Scotland. 
No. — N umber. 

N.P.— Notary Public. 

No*.— Numbers. 


O a - On account of. 

0 0 — Overcharge. 

0'd— On demand. 

O.H.M.S.— tin His Majesty’s Service. 
Ord— Ordinary. 

0/S— Old style. 

Os.— Ounce. 


P/ A— Power of Attorney. 

P.C.— Poet-eard. 

P/C— Price current or petty cash. 

p. 0 ,— Per cent 

P. C.B. -Petty Cash Book. 

Pd,— Paid. 

Per Aim.— By the year. 

Par pro. -Per procuration. 

P/N —Prom henry Note. 

P.O.— Post Often or Puatal Older. 
P.0.0.— Poet Ofton Older. 


m; 


„ - J.— For. 

Pro taot— Fur the time being. 
Prax — Of next month. 

P.S.— Post Beriptum. 


Rc 




Qr.— Quarter. 

Or*.— Quarters. 

Qt. — Quart. 

a . V.— Which see. 
y.— Query. 

R/D - Refer to drawer. 

R#~ Witli regard to. 

Baed. —Received. 

Root.” Receipt. 

Regd.- Registered. 

R.M.S.— Royal Mail Steamer. 


Dollar*. 

*.— Shillings, Hteamei. 
S.B.— Hales Rook. 

Sep.— Hcrip. 

Secy. — Secretary. 

Sen.— Henior. 

Sgd.— Higned. 

Sn.— Hlrnre. 

S/N— Shipping Note. 

S.S. or S/'S— Steamship. 
Sq. In.— Square inches. 
Sq. ft.— Square feet. 

Sq. yd.— Square yanls. 
Sq. m.— Square miles. 
St.— Stone. 


Stg. Hterling. 
Stk.-Htock. 


T.— Tons. 

T.O.— Turn over. 

T. T.*l- Telegraphic Transfers. 

U. K.- Lulled Kingdom. 

Ult.— Of last month. 

U.S.-Cnited States. 

U.S.A. — United Htates of America. 
U/w— b nderwriter. 


V.- Against. 
Via— By way of. 
VKte-Hec. 
VI*,— Namely 
Vol. — Volume. 


Wk.— Week. 

Wk*.— Weeks. 
WU-Weight 

W/'W— Warehouse Warrant, 


X c— Ex coupon. 

X d— Ex dividend. 
X In— Ex interest 


Yday.— Veeterday. 
Yr.-Your. 

Y«.— Yours. 


R— And. 

Re,— And so on. 

^Numbered <as #l/»} 

Demeafas WO 3 , thirty degrees). 
7e-m oent (per hundred} 

i«f a 
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COINAGES, WEIGHTS AND MEASURES OF THE WORLD 

■ after tha mim of a country denotes that the Metric System la in use. For an explanation of the Metric System - which 
is likely to be adopted in oor own country during the next few years— see M ath bm atich, page 337. The rate* of 
exchange are, of course, subject to fluctuation, and no fixed relation of coinages can therefore lie given. 


Austria-Hungary 

<M> 


Belgium 

(M) 


chm 

(Metric System also in 
use) 


Coin ao*. 

i i 

| W NIGHTS. 

1 MKASt ttlts. 

! 


length. 1 

Caimclty. 

* 

100 Centesimos = 

l Peso (3s. llfd.) 

i ; 

! Metric i 

j 

Metric j 

Metric 

£1 = 6-06 Peso* 

! 



(Old) 100 KrctiUen = 

1 Florin or Gulden 
<1*. ll*d-) 

(New) 100 Heller = 

l Crown (lOd.) 

Metric ! 

! Metric 

! 

Metric 

£1 as 24 Crown* 

l 



100 Centimes = 

1 Franc (0|d) 

! 

Metric 

| 

Metric j 

i 

£1 = 26-22 Francs 


i 1 

| Metric 

! 1000 Reis as 

I 1 Milrel* (2*. 3d.) 

Metric 

1 

Metric 

Metric 

£1 = 8-0 Mi Ire is 




100 Centavos = 

1 Peso (is. (Id.) 

100 Libra ~ 

1 Quintal (101-43 11 w.) j 

y Pie r 

1 Vina (33-367 ins.) 1 

| 1 Arroba - 7 740 galls. 

£1 = 1 3 1 Pesos 

! 

* 1 
I 


1000 Cash = 1 Tael 
((variea, altout 2s. flil.) 

(Ti»e Mexican dollar is 
generally used by 
Europeans and Ame- 
ricans and is equiva- 
lent to aliout 2a.) 

! 1 Tael or Liang = 1} ox 
16 Tael* = 

1 Chin or Chltty 1 
100 Chitty = 

1 Tan or Pleul 

lo Kan - 

1 Taun (1 -41 ins.) 
10 Thuii = 1 Chib 
i 10 Chill - 

j 1 ('hang or 2 K uitg 

1 10 Chang - 1 Yin 

1 

in llo i Hhcnglaltout 

| 20 pints! 

lo Nlicng ~ 1 Tou 


100 Ore = 

1 Crown (is. 


£1 = 18*2 Crowns 


loo Ffiiml = 

1 Centner (100 2 Ilia ) 


12 Linie - 
l Toinine ( 1 *020 Ins.) 
12 Tom me ~ 1 K«hI 

2 Ki*J - l Alen 

3 A le*n =r 1 Kavn 
2 Kavn =r 1 Rode 
2000 Rode r | Mil 


3 Piegle a 1 Pot 
(I OlHll pints) 

2 Pot a; ] Kumle 

4 Kaude ~ 1 Viertel 
4J Viertel := 1 Anker 
0 Anker =. 1 Oxcboved 
4 Oxcliovcd ss 1 Kail 


Dutch East India* 

Java 


Same as Holland 


Same as Holland 


10 Tael = , 

1 < atty (1 '366 H»s.) 1 Foot ( I2’3fl lus.) 

100 Catty =. 1 Peeul 3 K«iot sr 1 Kll | 


12 Duitu — 

1 Foot 
3 Kisit st 1 1 


16 Tael s 

1 Catty (1360 llw.) 
100 Catty = 1 Peru I 


2 Tciiijsi =s 

1 Juukal (0 Ins.) 
2Jitnkal as 1 Ktto 
2 Ktto x. 1 Halloh 
4 Hal toll as 1 Tung 


Maine as Holland 


10 M internet = 

1 Piastre 
100 Piastres = l Pound 
(£K1 = 90a. 3|d.) 

£1 as ££-0086 


12 Dirhem = 0 Kurat ss 

1 Cckhleh (-0817 lbs.) 1 Rub (0 75 Ins.) 

12 Cckhleh =1 Kottolo I 4 Rubxl DlraA or Pike 
100 Kottolo — 1 < aiitar { 4 DiraA = 1 (iasah 
400 Dirhem = l Oka 


1 Ardeb (variable) - 
about 5 bushels In 
Cairo and 74 in Alex- 
andria 


100 Centimes = | 

1 Franc (OpL) I 
4*1 - «!•« Franca ! 


Germany 

<*> 


, 100 Pfennlge 


ark (llfd.) 


i £1 as 90*40 Marks 


Jfeu Loth = Mtrich = MllllmHre Karine == Litre 

1 Decagramme Neu Zoll xOentlmfctre Hcboppen ~ Half Litre 
Centner = i Kette at Decametre I Pass — Hectolitre 

50 Kilogrammes j J 

Tonne = 

1 1000 Kilogrammes j 


100 LeptA as Drachm* 

i Drachma (Opt) Ot*ok» = 
Kokfcosar 

£1 as *6t9 Drachmas 


Drachm* = Gramme j Gramme = Millimetre ( Kytos = Millilitre 
Obokia = Decigramme Daktyk* as Centimetre { Mystroo s CentlUt 


< Daktyk* as Centimetre Mystroo s Centilitre 
j Palame = Decimetre t Kotyle = Decilitre 
Pecheus as MRre J Litre a Litre 
! Stadlon = Kilometre , Koilon as Hectolitre 



COINAGES, WEIGHTS AND MEASURES OF THE WORLD— continued 


Cot'HTttY. 

CoIXAGK. 

| WSIOIITS. 

1 

MKAflCRRK. 

Length. Capacity. 

Holland 

(H) 

too Onto = 

1 Florin or G wider 
(t«. Hft.) 

, £1 ss it Gulden 

Korrel ss Decigramme 
Wigtje — Gramme 

Lood ss Decagramme 
Onac ss Hectogramme 
Pond ss Kilogramme 

Streep ss Millimetre 
Indm = Centimetre 
Palm ss Decimetre 
| El = Mfctre 

Roede =s Decametre 
Mijle ss Kilometre 

. Viugerhoed sc 

1 Centilitre 

Maajte a Decilitre 
Kan = Litre 

1 Vat = Hectolitre 

India 

(M) 

(Table* vary aci'ord- 
ilig to province.) 

3 Plr - 1 Pice 

4 Pice 1 Anna 

10 Aniiaii — 

1 Rujiee (to 4d ) 

* £1 ~ If. I(u|M‘ca 

Metric 

Her — Kilogramme 

Metric 

Metric 

Her ss Litre 

Italy 

<M) 

100 Ontcftiini - 

1 Urn (Ojd) 

£1 ~ 26*22 Lira 

Metric 

Metric 

M ctric 

Japan 

100 Hen = 

1 Yen (2a. 0|d.) 

£ 1 - 0-mo Ven 

10 Mo s= l Kin 

10 Kin = l Fun 

10 Fun — 1 Momme 

100 Momme s= l Kin 
1000 Momme ss 

1 Kwan (8*281 Dm.) 

10 Ring ss 

1 BuCUltt in.) 

10 Bu ss l Sun 

10 Hun ss l Shaku 

0 Hliaku = 1 Ken 

10 Hhaku ss l Jo 

00 Ken ss 1 Cho 

30 Clio ss 1 Ri 

10 Hat s= 

1 Sai (toWiH pints; 
10 Hal sr 1 Hliaku 

10 Hliaku s= l Go 

10 Go s= 1 Hho 

1 Hho s= 1 To 

10 To sr 1 Koku 

Malta 

British Currency 

1 Rotolo ss 1 746 IIm. 

4 Pal mo s= 

1 Minora (41*103 ins.) 

2 M kunt ss 1 Kanna 

1 Pint ss 

8331 pint (Bng.) 

Norway 

<M) 

100 Ore ss 

1 Crown (to lid.) 

j £1 ss 1M’2» Crowns 1 

Metric 

i 

Metric 

Metric 

Philippine Islands 

(Two of 

weights.) 

1 i 

C.H.A. Currency j 

10 OlIXO ss 

| 1 Libra (1-0144 ll».) 

1 26 Libra = 1 Arroba 

10 Tael ~ f 

1 Catty (l .'fiU llw.) i 
1 100 Catty ss 1 Pee ul | 

12 Linea ss 

l Pulgada ('927 in.) 
12 Pulgada == 1 Pie | 

« Pie ss l Vara j 

26 Gan tah = 1 Caban 
(21 WH gallon*) 

Portugal 

<M) 1 

1000 Rein = | 

1 Mllrrla(4a. Ail.) 
£1 —• 4'fiO Milrels 

1 

Metric | 

1 

•Metric I 

1 

Metric 

Russia . 

100 Ko|>ecktt or 

1 Rouble (2a. l*d.) 

£1 sc » 40 Rout ilea 

12 Lanl ss ! 

1 Funt (-0028 11a.) J 
40 Kunt ss l P<mn1 ; 

10 PikhI ss 1 HcrkowiU 

3 BerkowlUssi Packet! • 

8 Vershok ss 

1 8topa(14 Ina.) 

2 Htopa ss 1 Arachine ; 

3 Arschinessl Kaachen • 
600 Hasrhcn =s 1 Verst > 

looTaoharkcy ss 

I Vetlro (2 706 galhma) 

3 Vedru ss 1 Anker 

Spain 

(M) # 

100 Centinu* sc i 

1 Peseta <7*il.) * 
£1 s= St Peaetaa 

“ I 

Metric 

Metric ^ 

i 

Metric 

Sweden 

(M) | 

W0 Ore r- 

1 Croan (to. l|it.) 

£1 * 18*2 ('mwiM 

Metric j 

i 

Metric j 

. __ 1 

Metric 

Switzerland 

<M> 

100 Centimes =r 

1 Franc (Dpi.) 
Cl = 26 1 C Francs 

) 

Metric | 

l 

Metric j 

1 

Metric 

Turkey j 

40 Parma SC 1 Piastre 

100 Piastres ss 1 Pound 
(£T ss 18a. f* U 

£l = £Tll«? 

100 Dirhem ss 

l Oktejeh <*7086 Ik) 

4 Oktejeh ss 1 Oke 

i 

3 Berri ss 1 

1 Agatoch 

(3 1150 miles) 

11 Rottol =r 1 Jutibeh 
('4861 bushel) 

8 Jubbeh = 1 Fortin 


United States of 
America 


100 Cento ss 

1 Dollar (4*. 1*4.) 

£ls= 41*8 Dolton j 


Practically same 
English 


a* Practically 


as j Practically 
English 
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Group 12 

mechanical FORCES IN MECHANICAL CONSTRUCTION 

ENGINEERING 

Including; a Study of the Composition and Resolution of Forces, 

3 with their practical application to Crane, Girder and Roof Work 


Continued from ptgt ati | 

By JOSEPH 

Force. Force is that which tends to 
produce a change in the rate of progress 
of a moving body, or to bring a body from 
a state of rest to a state of motion. The 
actions of pushing, pulling, and lifting arc 
everyday examples of force ; so, too, are 
gravity, friction, the attraction of a magnet, 
the elasticity of springs, and the expansion 
of gases, for all these phenomena are able to 
cause a stationary body to move, or to affect 
the rate of progress of a body already in motion. 
The discussion of forces from the point of view 
of the momentum they produce belongs to 
dynamics; that branch of mechanics dealing with 
forces which so act on a l>ody as to compel it to 
reman at rest is called statics, and it is with 
these, which balance one another and are in 
equilibrium, that we are now concerned. 

Representation of Forces. To have 
a complete idea of any force it is necessary to 
know (o) the magnitude of the force ; (ft) its 
direction ; (c) its point of application — that is. 
the point of a body at which the force acts. If 
we know these throe essentials, the abstract idea 
of such a force may be set down graphically on 
paper. A dot may stand for the point of appli- 
cation ; the line drawn from this dot in any 
given direction will represent the direction of the 
force ; and as regards the representation of the 
magnitude of a force, the line will contain as 
many units of length as there are units of force. 
Thus, a force of eight pounds might conveniently 
be represented by a line eight inches in length, 
or if it were required to show a number of forces 
in a small diagram, the scale might be a quarter of 
an inch or half an inch to one pound, or hundred- 
weight, or ton, or whatever unit of force were 
chosen. 

Forces in Equilibrium. If one force 
only acts on a body, the latter will be set in 
motion. The least number of forces necessary 
to proserve a body in equilibrium is evidently 
two, and the body will remain at rest until one 
of these is removed or a new one applied. If two 
or more forces be applied to a body, each of them 
will evidently tend to move it in a certain 
direction, but as it is obviously impossible for 
any substance to move in different directions 
simultaneously, an intermediate course will be 
taken. Thus, if two men walk along opposite 
banks of a river, each trying with equal force to 
pull a boat towards his bank by means of a 
rope, the boat will take neither direction but 
proceed onward in mid-stream. Similarly, a 
boat does not follow the direction which either 
oar tends to make it take, but proceeds in a 
direction between the two. Evidently, then, 
there exists a single fores which would produce 
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exactly the same effect as these two forces acting 
together. Thus, in 19. if two forces, A and /f. 
act at a point, 0, in a l»dy. their combined 
effect will be equal to a single force acting 
somewhere between them. This single force is 
called the resultant , while the two forces to which 
it is equal are called compments. Now, if a 
fresh force, f, lie applied to O exactly equal to 
this resultant in amount hut opposite in direction, 
the throe forces ARC will lie so balanced that, 
their effect will be neutralised and the particle O 
will remain stationary. The forces are then 
said to lie in equilibrium. This new force, (\ 
equal but opposite to the resultant, is called the 
equilibrant and sometimes the anti-resultant. 
The process of finding the resultant, of two forces 
is called the comfstsition of forces ; but if it lie 
required to replace a single force by two or mom 
forces equivalent in effect, the process is called 
the resolution of force*. Hence two or more 
forces may lie “ compounded ” into one resultant, 
or one force may be “ resol ved ” into com- 
ponents. 

Parallelogram of Forces. The re- 
sultant of two forces acting at a point is found 
by the application of the famous proposition, 
the Parallelogram of Forces. “ If two forces 
acting on a particle lie represented both in 
direction and in magnitude by adjacent, sides of 
a parallelogram, the direction and magnitude of 
the resultant of these two forces will lie repre- 
sented by the diagonal of the parallelogram, 
drawn from the point representing the particle.” 
This will Ixi best understood by a concrete 
example [20]. Suppose that it is required to 
find the n sultant H of two forces, P and Q acting 
simultaneously on a particle () t P lx‘ing equal 
to a force of 14 pounds and Q 10 pounds, the 
angle lietween the two Ixdng 00 degrees. If we 
adopt a scale of a quarter of an inch to one pound, 
P will be represented by a line throe and a half 
inches long, and Q by a line two and a half inches 
in length, and the lines will 1x5 drawn at an angle 
of 00 degree*. Complete the parallelogram ano 
draw the diagonal H. Then the line R represent* 
the resultant in magnitude and direction of the 
two forces P and Q. In length this diagona 
would measure approximately five and a quarter 
inches, which, according to the scale aaopted 
represents a force of 21 pounds. Therefore the 
14 pound force P and the 10 pound force Q 
acting at an angle of 60 degrees on the particle 0 
would produce exactly the same effect as the 
single force R of 21 pounds. And if anothe 
force equal in magnitude but opposite in direc- 
tion to R were applied in the direction OA, the 
forces along P, Q, and OA would be in equilibrium 
and the particle would remain at rest. 
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By a similar method the resultant of any 
number of forces acting at the same point may 
be graphically found [21]. Let four foroes acting 
at the point 0 be represented in magnitude ana 
direction by the lines OA, OB , OC t 01). Complete 
the parallelogram OAPB ; the diagonal OP is 
then the resultant of the forces OA and OB. 
Next complete the parallelogram OPQC ; the 
diagonal OQ is then the resultant of the force* 
OP (which equals OA and OB) and OC. Finally, 
draw the parallelogram OQRD ; the diagonal OR 
is then tne resultant of the forces OQ (which 
equals OA , OB, OC) and OD; OR is therefore 
the resultant of the four forces OA, OR, OC, 01). 
Their combined effect both in magnitude and 
(ygmtiun is thus represented by the force OR. 

lftllitmttical Solutions. By this 
graph&at: method the resultant of any number 
of forces may be found, and in the greater num ber 
of engineering problems this method is generally 
sufficient, but where mathematical exactness is 


required, resultants of forces may be determined 
by trigonometrical or algebraical formula). By 
trigonometry the resultant of two forces inclined 
to each other at any angle) may lx? found from 
the formula : R « v P* + Q* +~2PQcae A, 
where R represents the resultant, P and Q the 
two forces, and A the angle at which these forces 
act. But where the forros act at certain angles 
the resultant may be calculated without the aid 
of trigonometry, an elementary knowledge ■ of 
algebra being sufficient. Those particular cases 
are given U*low. 

When the angle between two given forces is : 
30°, IP - P* ^ Q* 4- y/3PQ 

45°. IP ~ V* -f Q* -f V '2PQ 

flO". IP « /* -f Q* + PQ 

« 0 ft . IP - l* + Q* 

i2o°, n* = r* + Q* - PQ 
a* « P 8 + 0* - V'lPQ 
1/50°, IP » I* + Q* - v 3 PQ 
Triangle of Forces. The parallelogram of 
forces enables us to determine the conditions 
of equilibrium when two forces act at a point. 
Another highly important proposition, the 
Triangle of Forres, states the conditions under 
which three forces must act that they may 
balance one another or he in equilibrium. It 
may bo stated thus : “ If three forces acting at 
a point can be represented both in magnitude 
and direction by tne sides of a triangle taken in 
order, then these three forces will be in equili- 
brium/’ Thus in the rolated diagrams 22, if 
the three forces P, Q, R, acting at O, are parallel 
to the sides AB, BC, CA respectively of the 
triangle ABC, and if also the lengths of 
these three sides are proportional to the 
magnitudes of P, Q, R, then shall the forces 
P, Q, R be in equilibrium. Conversely, if a 
body remain stationary under the action of three 
forces acting on a particle, then any triangle 
which can be drawn with its three sides patmUel 
to the directions of the three foroes will have 
those sides proportional in length to tin mag- 
nitudes of the forces. It is obviously necessary 
to take the sides of the triangle 44 in order/* 
that is, the arrow heads should follow one 
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another in their triangular oourse as seen in the 
diagram. If one be reversed, then the triangle 
would represent two forces and their resultant. 

Polygon of Forces. Hie conditions 
under which a body remains at rest when a 
number of forces act in the same plane on one 
point are stated by the Polygon of Forets ; 44 If 
a number of forces acting at one point can be 
represented both in magnitude and direction by 
the sides of a closed polygon taken in order, 
then these forces will be in equilibrium.” In the 
related diagrams 28 the foroes P, Q, R, S , T, acting 
at 0, are represented in magnitude and direction 
by the sides A Ii, BC, CD, DE, and EA respectively 
of the polygon A BCDE. Now, AC is the resultant 
of AB, BC ; similarly AD is the resultant of AC 
and CD ; again, AE is the resultant of AD and 
DE. That is, the resultant of forces P, Q, R, 8 
is represented by AE. But as the force T is 
represented by EA, which is equal and opposite 
to AE, the forces are kept in equilibrium. 

Resolution of Single Forces. Just as 
two or more forces may be compounded into 
a single resultant which would have an exactly 
similar effect on a particle, so any single force 
may be resolved into two components producing 
an equal effect. Obviously, these two com- 
ponents may bo in any direction whatever, as an 
infinite number of parallelograms may be drawn 
with the same line for their diagonal. For 
example, in 24 the force R may have for its 
components any of the pairs of forces represented 
by tne lines OC, OD ; OB, OE ; OA, OF. It is 
also evident that any one pair of these forces is 
equal to any other pair. Hie greater the angle 
becomes between any two of the components 
the greater is their tendency to destroy each 
other s effect. It is then a simple matter to 
resolve a force into two components in given 
directions [25]. Let OA represent the force, 
and OB, OC the directions along which the com- 
ponents are to act. From the point .4 draw 
AD and AE parallel to OC and OB respectively. 
Then, from the parallelogram of foroes it follows 
that the force OA is equal to, and may be 
replaced by, the forces OD, OE. 

In actual practice it is most often required to 
resolve a force into components acting along and 
perpendicular to a given line — i.t. at right angles 
to each other. In 28 let OA represent the given 
force P. Then OC and OB will represent com- 
ponents acting at right angles, ana if these be 
designated X and Y respectively, the relations 
between the three foroes will be shown by the 
equation, P* = X* + Y*. Whim the angle D is 
known, either X or Y can be found. The com- 
ponent X is obtained by multiplying P by the 
cosine of the angle D; Y by multiplying P by the 
sine of the angle D. In certain cases it is also 
possible to find X and Y without the aid of 
trigonometry. Thus, when OA is inclined to OC 
at an angle of 45 degrees, <XM will be a right- 
angled isosceles triangle, and it is dear that 

OA P 

OA* * 2 OC* 5 that is, OC « 

and Y as Similarly, it can be shown that 

whan the angles at which the force is inclined 







w 


a ! 

* 88 

ct 


4" 


i 

c 






parallel forces acting oft a body 
at the points A , B. Then (a) the 
magnitude of the resultant equals 
the sum of the forces, or R = 
P 4- Q ; (b) the resultant acts in 
the same direction — that is, R is 
parallel to P and Q ; (c) the point 
of application of the resultant R 
divides the line AB into two parts 
inversely proportional to the forces — 
i.t. AC is proportional to Q, and BC 
to P, while R is proportional to AB. 

Hence P x AC * 


'«*»>. O'vS-?' 


34 

to two {icrpendicuUr linos arc 30 and (10 
degrees resiioetively, the components will Is* 

2 and respectively. 

The Cate of Several Forces. Whore 
a number of forces have to lie resolved, it is 
most convenient to mark oil their com- 
ponents along two straight linos at right 
angles through 0, as in 27. The C, 
sum of all the components in K 
each direction can then be j 

readily obtained and the 
original forces reduced 
to two acting at right 8 
angles. l/»t the / 

forces P % Q. R act f 
at O' Through 9 
O draw lines 
OILKL at right {W 
angles, and re- 
solve each force into two components on these 
lines. Then P tr () A 4- OH ; Q ~ Or + Oh; 

R sr OF 4~ OK. Now, along the line OH there 
aw components acting in opposite directions, 
some to the right (OT 4- OH), and one to the left 
{OF). Therefore OC 4- OH — OF will represent, 
the resultant of the forces acting in this 
straight line. Similarly, 0.4 — OE - OJ) gives 
the algebraical sum of the forces acting in the 
other direction. If the algebraical sums of the 
components along these lines be represented 
by X and }\ anti if R denotes the resultant, 
then IP ^ A* 4 IT 

To ensure equilibrium, the sum of the 
components of the forces along two straight 
lines at right angles must be separately zero. 
For if the system of forces is in equilibrium the 
resultant, R mu*t be *ero, that is. A* 4 )’ 1 = 0. 
But since the sauarcs of all numbers arc positive, 

A and }’ must be separately aero, and so A = 0 
and }' tr 0. By calculating the forces which 
act in two directions at right angles and sub- 
stituting for A and Y in tne above equations, 
many problems of this class may be solved. 

Parallel Forces. When two or more forces H 
act in directions parallel to one another and 
at different points they are parallel forces — 
Ufa if they all act in the same direction ; unit fa 
it in opposite directions. In 28, let P, Q be like 
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This provides a simple means of 
finding the position of the resultant, 
for it is only necessary to divide AB 
into tw T o parts proportional to the 
numbers representing the parallel forces. If P 
be twicer or three times Q , then CB will bo 
twice or three times AC. The resultant will 
evidently always lx* nearer to the greater force. 
A force K equal and opposite to i?, and 
whose point of application is also at C , 
will clearly produce a state of equilibrium. 
In 29 P and Q arc unequal and 
unlike parallel forces acting at A 
and B. In this case (a) the 
magnitude of the resultant R 
is the difference between 

the two forces, or R = 
P — Q ; (b) the diree- 
tion of the re- 
\ sultant is the 

w same as that 

r of the greater 
£ vv force P; (r) the 

point of appli- 

cation of the resultant divides the line externally 
into two parts, which arc inversely propor- 
tional to the forces. 





lienee P x CA = Q x CB. Or, 


CA Q 

UB” F 

Refefttng again to 29, it is clear that any 
force R calk be resolved into two parallel 
components F, Q , if BC is to AC as P is to Q. 

The resultant of any number of parallel forces 
in the same direction is found by obtaining the 
resultant of my two, then the resultant of this 
resultant and another force, and so on. The 
final resultant is parallel to the forces and is 
equal to their sum ; but if they act in opposite 
directions their resultant equals the difference 
lietween the sum of those in one direction and 
the sum of those acting in the opposite direction. 

Couples and Momenta. When two 
p irallcl forces are equal but unlike (•>. oppo- 
site), there can be no resultant, no single 
force capable of producing the same effect. 
A body under two such forces cannot l>o in 
equilibrium, but will rotate. Two forces such 
as these form a couple. The swinging of the 
compass needle is a common example, the couple 
in this case consisting of two equal, parallel, but 
opposite forces acting north and south respec- 
tively. The spinning of a top between the 
thumb and forefinger is another example. If P 
and P [30] represent equal and opposite 
forces, then the line AB perpendicular to 
them is called the “arm ” of the couple 
and P x AB (the force x the arm) 
equals what is called the “ mo- 
ment ” of the couple. 

Crane Diagram*. The 
diagram [81] shows the 
usual method of deter- 
mining the loads 
upon an ordinary 
crane jib and 
tie. A is the 
centre line of 
the jib, B is the centre line of the tie rod, C is 
the chain line, and I) is the jib head pulley. 

Draw a line, K, plumb from the centre of the 
pulley, and measure its length by a scale of 
tons, say, one-eighth of an inch, or quarter of an 
inch per ton, the total length representing the 
load on the crane by the method of 20, but sub- 
stituting tons for pounds. A line, F, is now 
drawn to the same scale, and the same length, 
but parallel to the chain line C. From the point 
thus obtained. A’, a line, Q % is drawn parallel to 
the tie rod, B, until it intersects the jib line, A , at 
H ; the length of the line, O t then represents the 
load on the tie rods, and the length of the line, 
U to 7, represents the load on the jib. Another 
line may be drawn from point K to 7, and such 
a Line measures the resultant of the chain loads 
upon the pulley pin at 7. 

In 82 a similar diagram is Bhown to illustrate 
the case of a crane which lifts its load with two 
falls of chain and snatch block, the return chain 
being anchored to the jib bead as usual. The 
same procedure is followed, but the line,.F, is now 
only half the length, because although the full 
load takes effect on line E f yet only half of it is 
sustained by the chain C. 

To obtain the load upon the pulley pin, a 
separate triangle may be constructed upon the 
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plumb line E by drawing a line, ah, to represent 
the direction and magnitude of the load on the 
chain C, the distance, 7a, being, of course, the 
flame ; the line, bJ , then gives the resultant 
upon the pin. 

Reciprocal Diagrams. It is, however, 
not always convenient, nor indeed practicable, 
to develop a polygon of forces upon the drawing 
of the framework itself. In such cases it is 
usual to construct a reciprocal diagram. Fig. 84 
gives an example of one applied to the trusses of 
a traveller beam 188] above it. Assuming the 
load W [88] to la* directly over one of the struts, 
the reactions upon the cradles, or end supports, 
can l>e determined, and figured thereon. To 
construct the diagram, mark off to a scale of tonH 
a vertical line, AH [34], representing the load, 
IV. acting in a downward direction, and upon the 
same line mark the reactions or upwara forces 
at the cradles ; thus BC represents the reaction 
on the right-hand cradle of [88] » one-third M ' ; 
while CA represents that on the left-hand cradle 
a= two- thirds W\ the two together Udng equal 
and opposite to H r ; the line AB, BCA ( 34] is 
then a closed polygon of the external forces 
acting upon the structure, the polygon be- 
coming a straight line. 

Polygons of the internal forces may 
now lie built upon this, using it as a 
base line ; a line AD and a line 
CD are drawn parallel to a and 
b respectively, in the up|>er 
diagram [88], until they 
intersect at />, the re- 
sulting lengths of these 
lines a b represent 
the loads upon 
them. A ver- 
tical line is 
now drawn 

from D to A, represent ing the load on the m ’in 1 st 
c, which load is 14'. Starting from the base line 
again, a line, BF, and a line, f F. are drawn 
from D to E, representing the load on t’^c meml>or 
r, which load is W. Starting from the base line 
again, a lin \ BF, and a line, CF, are drawn 
parallel to d and t respectively, until they 
intersect at F, the resulting lengths representing 
corresponding loads on thorns members. From 
F the lines /, g and h are drawn parallel with 
their members, and the W'hole polygon is com- 
pleted by i. 

The above examples are typical of methods 
adopted in actual practice. In dealing with more 
complicated framings, particularly those in which 
the directions of the forces are not very apparent, 
it is necessary to adopt a system of notation 
whereby the polygons can be regularly con- 
structed, and the direction of the various forces 
clearly seen. 

Roof TruM. Considering next a simple 
roof truss as shown in 36, it is usual to ascertain 
the loads upon the various members by means 
of a reciprocal diagram as in the previous 
example, but the employment of Bow'* notation 
is adopted in order to facilitate the construction. 

The frame diagram [861 is first of ail laid down 
to a convenient scale, and all external loads and 
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reaction* indicated tfaereonby IHfflilltlfifftlS* 
tt»u the diagram is lettered from left to rigfct 
with a letter ia each epaoe between any two 
external twees, and also in each of the internal 

•i 

ate member of the framework. 

1 polygon of external forces and reactions 
is then plotted to a scale of owta. or tong ; in 
this example, as in the previous one m this 
polygon becomes a straight line. 

AB [38] represents tne force one -eighth W 
Vying between A ani B on the frame alagram. 
BC represents the force one-fourth W, which 
lies between B and C on the frame diagram, and 
bo in turn are laid down the forces lying between 
the letters CD, DE, and EF ; then the reactions 
FO and OA , each equal to one-half W , complete 
the polygon. 

The internal load diagram is now drawn, com- 
mencing with member 1 lying between B and H 
on the frame diagram 185]. This is laid down as 
line BU exactly parallel to member 1 [35], its 
length being determined by its intersection with 
lino OH drawn parallel to m *mber 5 ; CJ and 
HJ may now bo drawn parallel to members 2 
and 0 ; then to complete the first half of the 
diagram, lines JK ana KO are drawn parallel to 
memliem 7 and 8. The accuracy of the diagram 
is tested by its symmetrical completion, and the 
porfoot “ closing ’ of the last line. The nature 
of the loading, whether compression or tension 
upon any member, may be determined by the 
following rule. 

Head off the letters on either side of the 
member in question on the fram^ diagram in the 
order in which they occur when turning round 
either joint, connected with that member in the 
direction of lettering. 

Place an arrow on the corresponding line on 
the load diagram pointing from the first toward 
the second letter. 

Transfer the arrow back to the frame diagram : 
if the arrow points toward the joint the member 
is in compression, if it points away from the 
joint the member is in tension. 

It will be notod in the above example that the 
external forces are all assumed to be in a vertical 
plane, whereas in fact a roof has to sustain 
oblique foroes due to wind action. With small 
roofs it is usual in practice to resolve these 
oblique fortes into vertical loads, and add them 
to tne ordinary dead vertical loads in order to 
simplify the diagram ; when dealing with large 
roots, a separate diagram is frequently set out to 
determine the internal loads due to wind pressure, 
and the results are added to the ordinary diagram 
for vertical loads; alternatively a oombtned 
diagram can be constructed. 

In the above examples the load diagrams arc 
used as a basis for calculating the scantlings of 
the structure in question. The main body of 
any m e mber is subjected to either tension or 
compression, and the material can be pro- 
Ipracsied accordingly, whilst the joints must 
be designed to sustain bending or shearing 
actions, according to detail of construction. 
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£» m A-iT ®™ l > ^ at 
™ afe, of course, in 
tewmm, care being taken to aee that the end^ 
aie forged to be of equal strength to the bar • 
the head pin may be subjected to a bending' 
moment, or to shearing forces, only according 
to construction. It is not usual, except in 
cheap cranes, to attach the tie rods directly 
to the same pin that carries the head pulley. 

With regard to the trussed beam [831 the 
same remarks apply generally to the tension and 
compression members; the beam itself, how- 
ever, has to sub'ain a bending moment, being 
at its maximum when the load is in the centre 
of any bay. In proportioning the tie rods, the 
screwed ends must be swelled up in order that 
the area under the thread shall not be less than 
the area of the rod itself. 

When considering framed structures com- 
posed of a considerable number of members it is 
sometimes useful to tabulate them together, 
with the condition of stress, and an abridged 
calculation of scantlings. An example of such 
is given below [87], applicable to a diagram 
like that in 85, together with a truss detail 
drawn from same. 


Tabi.i or Members awd hc a stumor. 

Member. 1 

Tension. 

Com- 

pression. 

Scantling. 

BU aud KM 

•• 

«S cwU. 

Stmt 11 ft. long. 
*4" X 4" X Tee 

liar. Factor of 
safety = 5. 

CJ and DL 

• • 

to .» 

Same section aa 
above for con- 
venience. 

HO and MO 

fiOcwta. 


Area required at 5 
ton* per □" = 
W D" X A" 

flat, - rivet- 
bole as ecr. 

HJ and LM 

i 

12*5 „ 

Strut 4ft long, 2" X 
fXA" Tee bar. 
Factor of safety 
= 18. 

JK and LK 

M „ 


Area required at 5 
tons per □" = 

S4 err X A" 

flat, - rivet- 
hole = *43 cr. 

8 

• 

1 

27 „ 


Same section as 
above for con- 
venience. 


It will be observed that some members have 
a larger factor of safety than others ; this arises 
from manufacturing conditions. There is, for 
instance, a difference of loading on members 
BE and CJ, but it is obviously cheaper and 
more convenient to run a through member and 
so theoretically waste material m CJ. Again, 
in HJ , LM , and KO there is a theoretical 
waste, but these members, if designed with the 
same factor as the others, would give great 
trouble in manufacture and in erection, and would 
certainly give unsatisfactory results on aeoount 
of their lightness; it is due to this fact that 
timber trusses are not economical of material. 


To 5c continued 
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^ Hiadoatan. Buddha and Buddhism. Alexander's Invasion of 

P*fe *x« India. Tamerlane. The Hindu State. Egypt and Its Dynasties 


By JUSTIN 

Hindoatan. India, the great land which 
has, during most of its history, been described 
as Hindostan, traces its origin in ages long before 
ordinary records of national development. In the 
earliest days of which we can obtain any know- 
ledge, it was inhabited by several aboriginal 
races who left philological traces and rude 
monuments. These races were modified by 
many invasions, Dravidian and others, one of 
which, an Aryan invasion, gave the early Hindu 
or Vedic system of religion. The history of 
India, as we now study it, was made, for the 
most part, by the Aryan race, a fair-skinned 
people who settled in many parts of the country, 
and possessed a certain degree of civilisation. 

The crowding together of these different j»eoples 
caused much internal disturbance, and led to a 
vast stream of emigration which flooded other 
parts of Asiaandstreamed over into Europe. The 
story of this prolonged struggle has been preserved 
in the Vedas, the earliest of the Aryan sacred 
books, which books have been justly descrilied 
as holding a place among the most ancient 
monuments of the human race. Many epic 
poems were created among thorn* imaginative 
peoples, and some of them show remarkable 
affinities to the Greek Iliad, and wen*, like it, 
the gradual work of centuries. One of these 
epic poems, which tells of the conquest by the 
Aryans of a great part of Hindustan and the 
Island of Ceylon, may be ranked with the works 
of Homer and of Virgil. 

Buddha. The Hindu, or Vedic, system of 
religion became corrupted, and it was reformed 
by Buddhism more than five hundred years 
before the Christian era. Buddhism is the reli- 
gion preached by Buddha, a name w hich signifies 
the Wise. Buddha's father, the story tells, was 
bom of a royal family, but at an early period of 
his life Buddha renounced his rank and wealth 
and went out into the desert to seek for the actual 
truth and to find inspiration there. After seven 
years of voluntary exile Buddha returned to his 
home and his people, and began to preach to 
crowds of every sort that he could gather around 
him. He taught what he believed to be the true 
doctrines, teaching only through the utterance 
of parables. Buddha's preaching was directed 
against Brahmanism by insisting on the equality 
of all men before the moral law, and by sub- 
stituting virtues which consist in the practice 
of good deeds for the spurious and fantastic 
virtues set up by a humanly devised ritual. 

The promise of salvation, of union with the 
divine essenee, made to the Brahman alone, was 
superseded by the recognised capacity of all men, 
through their merits, to win Nirvana, or deliver- 
ance. Buddha broke up priestly heredity by 
2 M 
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calling to the priesthood the poor and the beggars 
who devoted themselvc i to a religious life. He 
set up for human beings six essentials of perfec- 
tion to be sought for and obtained by all men : 
knowledge, which must apply itself to distin- 
guishing between the true and the false ; 
energy, which enables man to strive against 
mans worst foes, the pleasures of (he senses : 
purity ; patience in enduring passing or imagined 
troubles ; charity, the great bond of society ; 
and almsgiving, the necessary result of the 
doctrine of charity. Buddha announced that 
he had come to give wisdom to the ignorant, and 
declared that even the man of noblest intentions 
and purpose could not accomplish much towards 
his own solvation unless he made it part of his 
work to comfort the afflicted, and render help to 
the miserable. His doctrine he defined os a 
doctrine of pity. “ The prosperous find it diffi- 
cult, and pride themselves on their birth, but 
the way of salvation is open to all who annihilate 
their passions as an elephant overturns a hut 
made up of reeds." 

The Moral Code of Buddha. This 
simple and pure moral code came as a strange 
novelty to those who had to endure the 
dominion of the Brahma system with its law 
makers, believed to lie divinely appointed, its 
castes, and its eternal aristocracy, set up and 
maintained by the everlasting rule or the 
appointed law -givers. We are told that his 
preaching attracted such masses of converts 
and became so powerful that, notwithstanding 
all the efforts which the priestly orders could 
make to destroy his work, he was enabled to 
carry on his reforming crusade until he had 
attained an advanced old age without having 
to make any appeal to his masses of devoted 
followers for the use of force in order to sustain 
him in his mission. Indeed, he preached against 
the use of force for the establishment of reform, 
a doctrine very unlike that inculcated by most 
other innovators, in Asiatic or other countries. 

.Jainism, which came of the same school of 
doctrine as Buddhism, had arisen about this 
time, and remained an existing faith after 
Buddhism had been banished from India. 

Alexander** Invasion of India. A 
memorable event in the history of India was 
the invasion of Alexander the Great. Up to the 
opening of that invasion India had been known 
to the European world only by name, as 
a vague sort of region beyond European ken, 
peopled by races of different colours. Alexander 
had made many expeditions into Asia already, 
had conquered many native princes, had tra- 
versed Palestine, had helped to free Egypt of 
Persian domination, bad t*en hailed by the 
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Egyptian* m their deliverer, and had founded 
the city of Alexandria. Alexander fought hi* 
way through a great part of India, and estab- 
liehed Greek colonies in many regions. He had, 
in fact, a gift for colonisation as well as for war, 
and wherever he made his way he seems to have 
been able to impress each invaded race with some 
interest in the language and literature of Greece, 
and some sense of the importance attaching to 
Greek institutions. His influence was two-fold, 
it will be seen, for, while he carried into India 
ideas brought from Europe’s early civilisation, 
it was through him that the attention of Greece 
and other European countries first became drawn 
to the ancient civilisation of India. 

Rise of the Mahratta a. The richness 
and the varied productiveness of the soil in 
many Indian countries soon became a source 
of attraction to merchants from all lands 
civilised enough to spread trade by foreign 
travel. The Mussulmans of Persia began to 
invade India, and then there were Turkish 
invasions and new incursions of the Mongols, 
one of whose race established at Delhi the 
dynasty of the Great Mogul which lasted until 
modern days. The supremacy of the Mogul 
Empire was overthrown by the rise of the 
Mahrattaa. “ Wild Mahratta battle ” was 
destined long later to be a t'.ing of meaning to 
men of pale face in the days when the Feringhee 
crossed the Black Water, and laid his hand on 
Hindu and Mohammedan, Mogul, and Mahratta 
alike. Thus it will be seen that the native race 
of India lost its independence at a very early 
period of its history, but it always retained some 
of its leading fteculiarities in religion, in organi- 
sation, and in literature. In the sixth century 
a.d. Buddhism was suppressed by Brahmanism. 

One of the cardinal principles of the BrahmAnB 
is that their divinity, Brahma, divided the 
people from the first into four distinct and 
separate castes— the priests, the warriors, the 
merchants, and the artisans. Of these, the first 
two were established as the ruling castes, and 
marriage was forbidden between them and the 
lowest caste. To that lowest order, also, belonged 
the descendants of the aboriginal population, the 
conquest of which had opened Inaia to the outer 
world. Only those who belonged to the caste 
of Hie Brahmans, or priests, had the right to 
expound or even to read the sacred books, and as 
all the knowledge then within the reach of Indian 
populations was supposed to be contained in 
these books, the Brahmans were looked up to as 
the teachers of everything intellectual, as poets, 
as physicians, and as expounders of laws. Many 
•tnqrglce took place before the warrior caste 
cottlabe brought to aooept this ascendency and 
even supremacy being accorded to the priestly 
t eacher s. 

Tsmtrlans, Kmptror of India. In 

1001 a.d, came the Mohammedan conquests 
under Mahmud of Ghazni, who invaded India 
through the passes of the Sulimaa Mountains, and 
the greater part of India came fen* along time under 
Mohammedan rule. Two hundred yean later 
India was invaded by Genghis Khan, some yet 
later Mongol invasions were repulsed, but in the 
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fourteenth century Tamerlane, the famous 
Tartar chief, entering Delhi, declared himself 
Emperor of India. The history of India had 
already begun to blend itself with that of the 
whole outer world, and we shall have occasion 
to refer to it again and again in this narrative.* 

The religious and political organisation which 
India acoepted about nine hundred yean before 
the Christian era is in its principle charac- 
teristic of the prevailing system to this day. That 
principle claims to set forth, as on the authority 
of revelation from Hie higher powers, the origin 
of the world and of the institutions prescribed 
for the Indian race. The divine authority of 
the ancient Vedic is still recognised, but all these 
are declared to be subordinate to Brahma, the 
absolute ruler of tbe heavens and the earth. 

Keystone of the Hindu State. The 
whole system bears a certain resemblance in 
its principal qualities to that scheme of the 
world’s origin and growth which is set forth in 
the Old Testament. It has been for the most 

art among the Indian races a system which 

as undergone no change down to the present 
day. The Indian Review a monthly magazine 
published in Madras, and issued for publica- 
tion among English -speaking readers, has in its 
number for April, 1905, an interesting and 
instructive article, evidently written by one of 
the Hindu raoe. It tells us that “ our idea of 
the sovereign as the parent of his people is the 
basis of Hindu politics.” The writer says that it 
is “ what may, in the language of modern 
polities, be called the keystone of the consti 
tution of the Hindu state.’** Then he goes on to 
say that “ the idea of one’s own rights is foreign 
to the Hindu ideal in every department of life.” 
According to this doctrine there is no 41 self ” 
for the soul or the body of the sovereign or the 
individual, and the sovereign can seek no sal- 
vation for himself individually, but oan only 
obtain it by the faithful discharge of his duty 
to the highest power and to his subjects and to 
ail around him. 

This is, indeed, the central principle of all 
religious teaching in the modem and the Euro- 
pean world, as well as in that of the Hindu races, 
and is probably not more rigidly carried out by 
individual beings, whether rulers or subjects, in 
the one instance than in the other. But it is 
of much interest for readers to know that the 
acoepted religion of the Hindus takes as its 
central and guiding principle that doctrine which 
is the very essenoe of the Christian faith. 

Hinduism and Christianity. It would 
be needless to say that Hie existence of so 
pure and exalted an ideal religious code did not 
always prevent the Hindu races and the Hindu 
rulers from quarrelling among themselves, and 
carrying on fierce wars of conquest and annexa- 
tion. We have seen throughout our most 

• Perhaps this may be s soluble place In which to mention 
the (set ml throughout this History we Dull make ft oar 
rale to prist foreign muses according to the renognlsed 
fsehina of DgMsh spelling. In every country It becomes 
the carton to print foreign names according to the country's 
own fsahton of spelling them, and It wouldleod only to use- 
IosomMob If we were to attempt s correct rendertagef 



modem European history that the teachings of 
Christianity nave not always been able to 
protect peaceful populations from the terrible 
results brought about by the reckless ambition 
of Christian rulers. Our object at present 
is to show that throughout great parts of 
India's vast territories there have been almost 
from the birth of recorded time, and still are, 
populations which are taught and accept the 
teaching of doctrines proclaiming as their essen- 
tial principle the existence of a higher power 
regulating the destinies of humanity, and the 
truth that man's salvation depends on the dis- 
charge of the duties he owes to the higher power 
and to his fellow- beings, and not merely to his 
own personal protection, credit, respectability, 
and worldly advancement. 

It is not our intention now to give a minute 
account of the religious creeds of India ; we 
wish to call the reader's attention to the fact 
that the principal religious organisations of India 
have from the earliest periods of which we know 
anything, and down to the present, borne a 
greater essential resemblance and affinity to the 
doctrines of Christianity than to those which 
were taught and accepted among the Greeks and 
the Romans, and in later days among the fol- 
lowers of Mahomet. In the study of Indian 
history we are not helped so much by the exist- 
ence of ancient monuments as we are in the 
history of Egypt, Greece, or Rome. There 
are, indeed, many ancient monuments to be 
found throughout India, but not many of 
them bear inscription, device, or Bymbol which 
could expound to the student their religious or 
historical significance. 

Egypt. Egypt is, beyond every ot her count ry, 
a land of monuments. All her earlier history is 
to be traced out through theformsand the inscrip- 
tions of her monumental buildings. The great 
Pyramids themselves, those majestic relics of the 
far past, those monuments with which the modem 
tourist from all parts of Europe and the United 
States is now so familiar, are the tombs of some 
of Egypt's early kings and are inscribed with the 
story of their lives and their deeds. There are 
still to be aem here and there throughout Egypt 
whole cities which might be described as records 
of Egyptian history, erected as they were to 
commemorate the founding or the fall of some 
d>.iasty, the establishment or the expulsion of 
some new invasion. Almost every ancient build- 
ing in the land is a tomb or a house of prayer, or 
a tomb and a house of prayer. 

Nor are these relics of the historic past to be 
found only on the surface of the Egyptian soil. 
Active research throughout Egypt has for cen- 
turies past been discovering monuments and 
houses of prayer below the surface of the earth, 
and even in the most recent days the patient 
skill of the explorer into subterranean caverns 
is still finding new evidences of that worship of 
divinities and worship of ancestors which be- 
longed to the very heart of the Egyptian race. 

From all these memorials it is certain that 
at the time when the Egyptian populations first 
came to have any record m actual history they 
must have already arrived at a very advanced 


stage of civilisation. The building of the great 
Pyramids marks an era nearly 4000 years before 
the birth of Christianity, and the Pyramids 
themselves, and all the public monuments con- 
temporaneous with them, give the clearest proof 
that for ages before that period Egypt had been 
brought to a state of highly advanced civilisation, 
in the artistic sense at least, entirely unlike that 
which could possibly have belonged to the " 
doings of merely savage races. 

Influence of s Race of Slavoe. Egypt 
was naturally, from the peculiar fertility given 
to almost the whole of its length and breadth 
by the frequent overflowings of the sacred river 
tne Nile, a most desired and coveted place of 
settlement for the inhabitants of neigh bou ring 
regions on whom the heat of the African desert 
burned with unmitigated fierceness. The Egyp- 
tian soil was therefore frequently invaded by 
neighbouring tribes, who endeavoured to settle 
on the land, an 1 of whom large numbers suc- 
ceeded in establishing a permanent home there. 
Then again the Mamelukes, who were originally 
a race of slaves imported by Egyptian rulers 
from Turkey and Ciroaasia, became a permanent 
part of the population and had an important 
influenoe on Egyptian history. 

The earliest Egyptian race concerning whom 
we can form any distinct idea appear to have 
been a red -skinned raoe, and to nave belonged 
to the population described in Genesis as the 
tribe of Ham. Those people, wlio were called 
Cushites, constituted for many centuries the basis 
of the population along the shores of the Indian 
Ocean, the Persian Uulf, and the Red Sea. 
They divided themselves into several small 
states, which at last came under the domination 
of one ruler, and thus established the first royal 
Egyptian race. This royal dynasty must have 
boon called into existence at least MMX) years 
before our historical era. 

Religious Beliefs. The religious 1 olief 
which prevailed amongst the early Egyptians 
was that the country had first lioon ruled by the 
gods and then by the demi-gods, who came down 
to earth in the form of a priestly caste, and that 
these had at last either voluntarily yielded, or 
had been compelled to yield, their ruling power 
and their general influence to a* warrior dynasty 
which was better fitted than a priestly caste to 
work out to the happiest effect the destinies of 
Egypt, and to maintain her independence. 

For a long time there were two distinct 
religions prevailing throughout Egypt — the faith 
professed by the priest* and the faith adopted 
by the people. The religion adopted by the 
people was the ancient fetich ism, and created a 
number of divinities, many of whom it invested 
with some of the attributes influencing the life 
of human beings. The hopes, the passions, the 
ambitions, all the various cravings of human 
nature, were represented in this strange form of 
theology, and it had its divinities also in the 
for m of animal creatures, such as the bull Apis 
of Memphis, and even many monstrous creations 
made up of the head of an animal and a human 
body, or of the head of one animal and the 
body of another. 
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The religion of the priests was based upon the 
principle that there was a struggle between good 
and evil going on everywhere, the struggle for 
good represented by Osiris and the struggle for 
evil represented by Typhon, the god of darkness 
end destruction, Osiris was typified by tbe sun, 
Ihe principle ot all life, while nature was typified 
by Isis, and these two had a divine offspring, 
Horus. This was a much more exalted form of 
creed than that generally adopted by the 
Egyptian people, but as time went on it began 
to dtmema more and more into vague limitless 
polytheism or fetichinm. 

Ancient Dynasties. Before the Persian 
invasion Egypt had already seen, according to 
historic monuments, some 26 dynasties, and the 
Persian invasion took place some five centuries 
earlier than our Christian era. The world has 
learned the names and something of the doings 
of the leading sovereigns during those dynasties, 
for they are carved on the monuments which 
were erected all over the country. Little is 
known of the earliest among those dynasties, 
but with the fourth dynasty we begin to have 
the records of a civilisation which must have 
been absolutely unknown to any other part of 
the world at the same time. 

Architecture began to flourish then in forms 
which Egypt has never since surpassed, in forms 
which few other countries from that time to 
this have ever excollod or equalled. Pyramids, 
temples, and other buildings arose and lx>re 
testimony to the marvellous architectural skill of 
their builders ; statues were chiselled which could 
have held a fair rivalry with the work of Creek 
and Homan sculptors, and the paintings and 
inscriptions on the walls of Egyptian temples 
accomplished the work of history as w ell as that 
of art, for they not only prove the intellectual 
and artistic capacity of the workers, but they 
also tell to later times w'hat the kings and rulers, 
the industry, commerce, and agriculture of the 
land hod already Accomplished and wore accom- 
plishing. 

Dark Periods. There are intervals in the 
story of those dynasties where you find little 
or no trace of artistic culture or of history 
recorded in monumental buildings. It is evident 
that during those periods thus obscured there 
must have been great invasions, or other calami- 
ties, absorbing the whole strength and mind of 
the country, because after a certain lapse of time 
we And the historic monuments once again 
coming into existence and the Egyptians return- 
ing to their place in art and in civilisation. 
During some of these intervals of comparative 
darkness royalty itself seems to have been 
banished from the land. Under the kings of the 
twelfth dynasty it resumed its place, and the 
natural boundaries of Egypt seem to have been 
restored. The Egyptians must have had for 
their time a wonderful mastery of applied science. 
Under that twelfth dynasty was constructed an 
artificial reservoir known as Lake Moeris, which 
covered more than 60 square miles, the object of 
its creation being to regulate the overflow' on 
the left bank of the Nile. Another sovereign 
' undertook and accomplished the erection of the 


great pillared hall at Kamak, which is still 
regarded as one of the triumphs of Egyptian 
architectural art, and indeed of the world's 
architectural art. 

Invasion of Shepherds* One of the 

most remarkable invasions which interrupted 
the succession of the regular dynasties was that 
which is known as the invasion of the shepherds 
about 2200 b.c. According to legend ana such 
records as have been preserved, this was an 
irruption of a pastoral race, who, finding that the 
conditions of their own soil did not admit of 
prosperity, passed from Assyria into the valley 
of the Nile by the Isthmus of Suez, actually 
took possession of a great part of middle 
Egypt, and set up a realm of their own with its 
kings. This dynasty was established at Memphis, 
and built fortifications in order to prevent other 
hordes of immigrants from following their 
example and endeavouring to found realms in 
their turn. It is generally understood that it 
was one of those rulers to whom Joseph, the 
elder of the two sons of Jacob by Kebekah, was 
Minister. The Shepherd or Hyksos dynasty was 
ultimately expelled from Egypt, but some of the 
race still continued to be occupants of the 
Egyptian soil, and left their physical traces 
among the Egypt ian populations. 

After the expulsion of the Shepherds Egypt 
seems to have recovered her old art and civili- 
sation. and again we begin to have the monu- 
mental records of passing history. One of the 
sovereigns of this restoration w'as Thothmes ILL, 
who conquered Western Asia and the Soudan, 
and i< described in some linos carved on a 
monumental pillar as one “ who set the frontiers 
of Egypt wherever he pleased." Another of 
these sovereigns is described by Greek historians 
as Mcmnon, the Son of the divine Aurora. The 
Greeks w’ere now beginning to take a deep 
interest in Egyptian civilisation, and before long 
we shall find that some of their great historians 
set themselves to work to describe and explain 
its condition. 

Inaccurate Historians* The Greek ex- 
plorers were generally much inclined to explain 
everything they found in Egypt by some 
reference to the religion and the history of 
Greece, and w'ere apt to invest the monuments 
and the other recoids which they found with a 
pervading aroma of Greek mythology. As they 
converted one of the Egyptian Princes into 
Mcmnon. the King of the Speaking Statue, w'hich 
at the rise of every sun paid homage by salutation 
to Aurora his mother, so they described another 
Sovereign, Ramoses II., as Sesostris. The 
Greeks, indeed, made a bold, and at the same 
time an easy, condensation of history by ascribing 
to this really warlike and brilliant Prince all the 
achievements in peace or war of many or most 
of his predecessors. 

Raineses, or Sesostris, left behind him some 
great architectural records. To him are due the 
magnificent obelisks of Luxor, one of which was 
transplanted by modern invasion to the Place 
de la Concorde in Paris. Egyptian obelisks 
have undergone foreign transplantation in other 
instances as well as that of the column of Luxor. 



One of thfe obelisks from Heliopolis was moved 
by the orders of Cleopatra to Alexandria, and 
m the course of time was conveyed from that 
spotacroes the seas and found a resting-place 
on the Thames Embankment in tandon. Yet 
another of these ancient monuments has been 
borne away from Egyptian soil and transferred 
to a site in New York- The human mind can 
hardly conceive a more curious transformation 
scene than that illustrated by the removal of an 
Egyptian obelisk from its place in the desert to 
a home in one of the newest, noisiest, and most 
crowded cities of the New World. 

The Israeli tea* TasK, The captives 
taken in war by the Egyptian sovereigns were 
commonly set to work at the erection and 
ornamentation of these monuments, and the 
Israelites, a large number of whom had endea- 
voured to settle comfortably in Lower Egypt, 
were drawn upon by the ruling power for the 
supply of workmen, not merely in the building 
of artistic monuments, but also at the opening 
of quarries, the making of bricks, and the raising 
of embankments to secure cities against inun- 
dation. Hameses III. was the last of the great 
line of rulers here described, and his deeds in 
war and peace an* commemorated in a Temple 
at Thebes. 

With the passing away of Ramoses came an 
era of decline in the power of the Egyptian 
civilisation. One, and probably the main, cause 
of this decline was that the country had ex- 
hausted herself by attempting to spread her 
dominion too far. The Egyptian rulers had for 
generations been doing little or nothing to ensure 
the safety and prosperity of their own jieople, 
and were far too much given up to that ambition 
for the spread of territory which seems to be 
the weakness of monarchies all over the world. 

Egypt might always have been prosperous and 
secure under the nourishing protection of her 
great river, and sheltered as she was by the 
surrounding desert regions from the frequent 
invasion of foreign intruders. Hut her kings 
were too often eager to spread their boundaries 
at whatever risk, and made it their ambition to 
obtain full control of the bordering sea, and for 
that purpose to spread their power over the 
whole of Northern Asia, and even to establish a 
settlement on the island of Cyprus. With this 
view they secured the military services of out- 
lying populations, and thus became surrounded 
by fore’gn guards, who in time began to assert 
their influence as practical rulers of the State. 

Ethiopian Invasion. The Ethiopians, or 
Cushites, took advantage of the opportunity 
given to them by these local discords to take 
possession of Upper Egypt. For half a century 
these Ethiopians ruled over the land which had 
known the dynasty of the Pharaohs. The 
Ethiopians were finally expelled from the country, 
hut even the manner of their expulsion tended 
towards the decline of Egypt’s independence, for 
it was in great measure accomplished by the 


ftnviaii*, who for a time made Egypt their 
own. 

Egypt has never since been a seif-ruling 
country. She was coming to he regarded by 
the outer world as a mere province of Persia, 
and was conquered by Alexander the Great, who 
founded the city of Alexandria, whioh helped to 
perpetuate his name. The Romans invaded the 
country, and ruled it for a time after the death 
of Cleopatra. Some 400 years after the Christian 
era Theodosius, the Roman ruler, issued 
edicts actually suppressing the religion of the 
Pharaohs. 

From that time the story of Egypt becomes 
mixed up with that of Europe. We shall have 
to make many references to that story of Egypt 
during our historical narrative. We may say in 
advance that the opening up of the country to 
the commerce of the world by the creation of 
the Sues (’anal was but the realisation of a 
dream which had been the fond hope of one of 
the Pharaoh kings, a dream ho had attempted to 
realise many centuries before it w r a« ultimately 
made a reality by the inspiration and the energy 
of M. Ferdinand do l^wseps, well within the 
recollection of living men. 

The Assyrian Empire. The history of 
the Assyrians comes next in chronological order. 
The two great rivers, the Tigris and the Euphrates, 
come down from the Armenian mountains, where 
their sources are close to each other, and they 
surround in their course, before each pours its 
waters into the Persian (lulf, a large tract of 
country, mountainous at the one end and sandy 
at the other, to which history has given the 
name of Mesopotamia, meaning a region in the 
midst of rivers. 

The earliest dwellers in Assyria included, in 
Chaldea, the Cushites, of whom we have heard 
during the story of Egypt’s invasions and 
dyn isties. In the mountainous part were the 
Turanians, and in another part of this vast 
territory wore the Semitic population, coming 
of a white-skinned race whose origin cannot he 
t raced hack in history, and who have Ijccome 
celebrated throughout the world as the Assyrians, 
the Hebrews, the Pho*nicians, and the Arabs. 
Assyria owned two of the most famous cities in 
the world, each of which in turn became the 
capital of the country. Babylon on the Euphrates 
and Nineveh on the ’f igris. The walls of Babylon 
are said to have been AO cubits thick, and to 
have stood nearly 4 00 feet in height. 

Assyria, like most other regions in thocM days 
and in much later days, was made subject to 
many invasions, which its prosperity and its 
attractive situation drew upon it. The dynasty 
of the Pharaohs held the mastery of Assyria for 
some two centuries at least, but when the decline 
of Egypt set in the Assyrians released themselves 
from subjection, ana took to invasion and 
annexation on their own account. They made 
war against the Hebrews, and their conquest of 
Hoaea, the ruler of Israel, is recorded in the Bible. 


To U continued 



Group 24 

PHYSICS 

8 



THE THREE LAWS OF MOTION 

Our Conception of Motion Purely Relative. Newton's Three' 
Laws: the First Law Fully Considered. Mass, Weight, and Speed 


By Dr. C. W. SALEEBY 


Our Ideas of Motion. Any assertion 

as to the speed of moving bodies in 
space, such as we were considering at the 
end of our last chapter, is purely relative, 
like every other assertion about motion which 
it is possible for the human mind to make. 
We mean that, relatively to the objects of the 
landscape, the train is moving in a certain 
direction at a certain rate. Relatively to 
another sign -post, the train is moving backwards 
at a greater rate, and so forth. 

The man on the ship, or in the corridor of the 
train, is moving backwards relatively to the 
ship or the train, but forward relatively to the 
landscape. The solar system is moving towards 
Vega relatively to certain other stars which the 
astronomers use as sign posts, just as the engine- 
driver might use the telegraph-poles. Concerning 
the absolute motion of anything no one has 
any knowledge whatever. Indeed, we must go 
farther, as Spencer proved, and declare that our 
very idea of motion is purely relative. When 
we think of the motion of anything we think 
merely of its motion relatively to something else. 
We delude ourselves if we fancy that we can even 
conceive of absolute motion. Taking any case 
imaginable, we find that we cannot conceive of 
the motion of anything save with reference to 
something. Even if we think of no material 
thing, we are compelled to conceive of motion 
as relative to points in space. The conception 
is ooimily relative whether the points be ima- 
gined to be empty or to hold sign-posts. 

Kinetics and Statics. Thus, having 
determined the kinds of motion, and being per- 
suaded that we speak merely of relative motion, 
we must observe certain of the means by which 
motion may lie measured. Thereafter we may 
proceed to study the laws of motion. The 
reader must he reminded of the logic of our order 
of procedure. We have agreed that the funda- 
mental part of physics is the study of forces. We 
defined what we meant by a foroe, and observed 
that there was involved in it the idea of motion. 
To that we had to devote some important para- 
graphs ; and now we must prooeed to discuss 
it at length. If the reader desires a special 
word to indicate the department of dynamics 
which is concerned with motion, that word is 
ttaciMolirs * ; but this is not often employed. 
In its place we use two words — Kinetics and 
Statics, The first is the study of cause and 

* T)» tinmuatufraph has tsafbt •venrbody that HMaa to 
Um Greek tor s m ove ment ; Ml safortauiilehr the feehkm 
now |e to epet! the word with a e, sad people prooooaoe the 

“ c ** toft, eo that the meeniaf at the word to betef mode m 
oheeete n poeeibt*. 
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effect as applied to motion, it being found that 
the effect ts always proportional to the cause — 
the motion to the force that produces it ; and 
the second is the study of the balancing or equi- 
librium of forces, so that the combination of 
forces, t.e. of powers which tend to cause 
motion, results not in motion, but in rest. Let 
us now consider the names of the units which 
are employed m the study of motion. We must 
have units for time and space — factors plainly 
involved in all motion — and a unit to express 
the amount of matter that moves, and other 
units derived from these. 

Standards of Measurement. The unit 
of time, fortunately in use in all countries, 
is the second. 

The unit of length we might expect to be the 
yard, or units derived from it, such as the foot 
or the inch. But nearly all countries have 
abandoned such absurd measurements — absurd 
because wholly arbitrary and inconvenient — and 
have adopted the decimal system for their units. 
As our methods of oounting are baaed on this 
system (ultimately derived from the fact that 
we have ten fingers), it is obviously a matter of 
very great convenience to use it throughout. 
Hence the student of science in this country has 
to make the acquaintance of measurements 
which are familiar to every fortunate French 
child, and which are used by men of science 
everywhere 44 from China to Peru,” but which 
are not yet in general use in this country. 

The unit of length (the simplest kind of unit of 
space) is the metre. When used in England we 
need not add the accent, and we may pronounce 
the word in English fashion, with the' e like the ea 
in 44 eat.” The metre is equal to rather more 
than thirty-nine and a third English inches. 
Space, however, has three dimensions — physics 
knows nothing of a supposed fourth dimension — 
and so there are units of surface derived from 
the metre and units of volume similarly derived. 
The thousandth part of a metre is called a milli- 
metre ; the hundredth part, a centimetre ; the 
tenth part, a decimetre, whilst ten metres 
make a decametre. Each of these words 
may be used with the adjective square or cubic 
before it to indicate measures of area or of 
volume. We may note one special name in 
wide use — that of the cubic decimetre, which is 
usually known as a litre. 

The Unit of Mona. Next we must obtain 
a imtf of mass, and this has been conveniently 

r »d upon in the following fashion As one 
the most common and important of sub- 
stances, water Is chosen, and is considered at 
its temperature of maximum density—*^ when 



m matter, or u stuff,” is an shrunken as possible. 
This point is at 4® above the zero on the Centi- 
grade scale — in which the aero is the freezing 
point of water. Our unit of mass is, then, the 
mass of one cubic centimetre of pure water at ike 
temperature of 4° C., and this U known as a 
gramme This excellent unit yields sub-divisions 
and multiples as the metre does — the milli- 
gramme, centigramme, decigramme (one thou- 
sandth, one hundredth, and one tenth part of a 
gramme respectively), the decagramme, which 
has ten times the mass of the gramme, and so 
forth. 

The reader will observe that, in the above 
account, the word weight would apparently 
make just as good sense as the word mass. Why, 
we may ask, should we not talk of a unit of 
weight — the weight of a oubic centimetre of 
water, and so on ? 

Mitt and Weight. Occasionally a strict 
sequence must be sacrificed in order that we may 
not leave the reader with an unexplained term 
or assertion ; and this is a case in point. W e 
shall therefore deliberately anticipate a future 
chapter — that on gravitation — in order that the 
distinction between weight and mass may be 
made clear. 

The mass of a body is the quantity of matter 
or stuff that it contains. Mass is a radical and 
unalterable property of matter ; the amount of 
stuff in a pound of lead is the same whether the 
lead remain on the earth or lie transported to 
the moon. But though all matter has weight, 
weight is a property not radical at all, and still 
less is it unalterable. 

Indeed, we may positively assert that the 
weight of a given mass of unchanging matter 
never remains constant for two successive 
seconds. This may well seem to Ixs an absurd 
assertion, but its truth will become apparent 
when we consider upon what the weight of a 
given mass of matter depends. 

Weight is Always Changing. Weight 
is none other than an assertion of the force 
of gravity, in virtue of which every particle 
of matter in the universe attracts every 
other. But this force varies at different 
distances between the masses of matter in 
question, and varies with the amount of mass 
concerned. Hence a pound of lead w ould weigh 
far less than a pound on the moon, far more on 
Jupiter or the sun, simply because the moon has 
much less mass than the earth, whilst Jupiter 
has far more, with the consequence that the ^ 
force of gravity is much less cm the moon than 
it is on the earth, whereas it is much greater on 
Jupiter. Hence the weight of any mass depends 
on the position in space of all the other portions 
of matter that exist : and, as these portions of 
matter are incessantly changing their positions, 
it follows that, as has been said, the weight of 
a given mass of matter never remains constant 
for two successive seconds, though the mass is 
absolutely invariable. 

If gravitation were abolished, there would 
henceforth be no such thing as weight : but 
plainly the mass of the matter m the universe 
would be unaffected : the mass would be still 
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there, unchanged, though its different portions 
would not po se es s that attraction for one another 
which expresses itself to us as weight. 

Weight an Imperfect Standard. While 
this carainal distinction must never be forgotten, 
we may, nevertheless, conveniently use weight 
as an indication of mass. Our experiments are 
conducted at the surface of the earth, where the 
force of gravity is, for practical purposes, quite 
constant— the earth remaining constant in mass, 
and no other large body interfering practically 
with its attraction for small bodies on its surface. 
Henoo, since the weight of any body is most 
strictly proportional to its mass, provided that 
other factors Arc unchanged, we are free to 
estimate the mass or amount of matter in a 
body by means of its weight. 

Nevertheless, this method is plainly imperfect, 
for we ought to be able to measure mass without 
reference to a variable thing such as weight. 
W© should be able to determine the masses of 
two similar cubes of different substances by 
some other means than by weighing them. We 
should be able to do so if we had them in empty 
space, with no more weight than depended on 
their attraction for each other. This can be 
done ; but before wc see how it can l>o done, we 
must study another aspect of motion, and 
attempt to find for it also a unit of measurement. 

Spued. This aspect of motion is its 
velocity or sjtced. Now it is ouitc* evident that 
when we think of the speoa of any moving 
body — say a man running a race — com- 
bining the two ideas of space and time. When 
we say that an athlete has run a hundred yards 
in ten seconds we have indicated his average 
velocity or speed, tacause we have stated the 
factor of space— the distance run ; and the factor 
of time — the number of seconds taken in 
traversing that distance. Then if v stands for 
velocity, s for space, and t for time we can say 

that v » i t a simple formula which may 1x5 

illustrated from the case already quoted. Thi5 
total distance or space, divided (>y the total 
time, is 100 (yards) divided by JO (seconds), 
and thus v, the velocity, must tie ten yards per 

second — t.e. v m 

t 

Now we know that the speed of a moving 
body may undergo diminution or increase ; and 
under certain natural conditions, where the cause 
of the motion is constant and continuous in 
action, we find that this diminution or increase 
is regular. 

If the rate of increase of velocity is regular, 
it is given a special name, positive accelera- 
tion (from the Latin celer f swift), and a 
regular rate of diminution of velocity is called 
negative acceleration. This use of terms may be 
confusing, and is in defiance of the derivation of 
the word acceleration ; so we shall do better 
to call increase of speed acceleration , and decrease 
of speed retardation. We note, again, that these 
are of interest and importance to us only in so 
far as they are regular. By this is plainly meant 
that during each unit of time— during each 
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leoond — there if a constant increase or diminu- 
tion in velocity ; as, for instance, when a body 
moves, in successive seconds, through 32 ft. 
more of space than it moved in each preceding 
second — dropping, w ay, 32 ft. in the first second, 
but 64 ft. in the next ; so that at the end of two 
seconds it has passed through, not 64 ft. — as 
would have been the case had there been no 
acceleration— but through 96 ft. lAter we shall 
have to return to acceleration and retardation, 
in especial relation to the force of gravity. 

But now, having understood what is meant by 
velocity, we arc in a position to return to the 
problem already stated — as to the possibility of 
measuring the mass of bodies without weighing 
them, and in a manner which is wholly in- 
dependent of the fact that they have weight. 

The Action of Foree. We find that a 
given force, acting on a given mass for a given 
time, always produces the same velocity ; hence 
two different bodies— one, perhaps, “ light *’ 
find bulky, the other “ heavy ” and dense — can 
be shown to possess the same mass, if the name 
fore*, acting on each for the same period. imjtart* 
to each the mme velocity. 

By combinmg in a different way the definitions 
already noted, we can obtain a measure of force 
and a unit of force. For we can measure a force 
by the velocity which it imparts to a given 
mass when applied to it for a given period of 
time. The unit of force is called the dyne, and 
is that amount of force which, applied for one 
second to a gramme, imparts to it a velocity of 
on ' centimetre per second. 

And now at last, having defined force and 
motion, and having agreed upon modes of 
measuring them, we are in a position to study 
the laws of motion. 

The basis of the seienee of kinetics consists 
of three laws enunciated by Newton and known 
os Newton's laws of motion. He himself called 
them axiom* or law* of motion. 

Sir Inane Newton. The formation of 
these laws is scarcely less important than the 
discovery of universal gravitation and the law of 
its action, which Newton also achieved. Sir Isaac 
Newton was bom in Lincolnshire in 1 643, his father 
being the lord of Woolsthorpe Manor. He was 
reared with great difficulty, having l>een pre- 
maturely bom. For some time he had to help 
his widow mother with her farm, and he left 
school at Grantham for this purpose, but at the 
age of seventeen he was allowed to go to Cam- 
bridge University, which counts him as incom- 
parably the greatest of her sons in sheer magni- 
ficence of intellect. At Cambridge he made 
most signal discoveries in pure mathematics, 
which, however, do not greatly concern us here. 
In the terrible year 1665, when he was twentv- 
two, the marvellous boy, who had already made 
an immortal name, was compelled to leave 
Cambridge owing to risk of the plague, and it was 
then that the tall of an apple from a tree in 
the family orchard led him to the discovery of 
gravitation. 

His mind, by the exercise of its supremely 
great scientific imagination, ** leapt from a 
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falling apple to a falling moon.” At the age of 
twenty-three, the boy who had already dis- 
covered “ how the heavens are balanced ” 
proceeded to demonstrate the fact that white 
light consists of a combination of rays of light 
of many colours. 

His chief work, the Principia (the transla- 
tion of the full title is “ The Mathematical 
Principles of Natural Philosophy ”), was 
finished in 1686. Six years later the results of 
years of work were destroyed by the overturning 
of a lighted candle by his pet dog “ Diamond.** 

Newton died in 1727, and was buried in 
Westminster Abbey. He spent the greater part 
of his eighty-four years, as has been finely said 
of him, in 

“ Voyaging through strange seas of thought 
alone.’* 

The Lews of Motion. Newton’s Laws 
of Motion are enunciated in his Principia. The 
Latin may be thus freely translated so as to 
reduce the laws to their simplest and most 
intelligible form : 

1 . If a body be at rest, it will remain at rest 
unless it is compelled by some external force 
to change its state ; ana similarly if it be in 
motion, it will continue to move in a straight 
line and at a uniform velocity for ever, unless 
its state of motion be affected by some external 
force. 

2. Change of motion of any body is propor- 
tional to the external force that causes it, and 
takes place in the straight line in which the force 
acts. 

3. To every action there is always an equal 
and contrary reaction ; or, the mutual actions 
of any two bodies are always equal and oppositely 
directed. This law is often briefly stated thus : 
Action and reaction art* equal and opposite. 

Fully to illustrate and apply these laws and 
the deductions from them would be practically 
to state the science of dynamics, including both 
statics and kinetics, in a perfect and final form. 
We must devote, at least, many pages to their 
consideration. 

The first law is the simplest and the most 
important. It expresses the property of matter 
which is often called inertia, implying that 
“ matter is passive, or has no power in itself to 
change its state, whether of rest or motion.** This 
sentence, quoted from a well-known text-book, is 
however, an inaccurate expression of the property 
of inertia. We who have lately become familiar 
with radium and radio-activity are aware that 
matter is very far from being “ dead ** or 
“ passive,** and that it contains sources of 
energy till lately unsuspected. But the principle 
of inertia may be expressed as meaning that 
the state of rest or motion of any body can be 
changed only in virtue of the action of a new 
force . 

Inertia, Common experience has taught 
us that tumblers do not fall off tables “ by 
themselves,” that, in general, things st^y where 
they are unless something moves them> and 
we say that this characteristic of thing*# due 
to their inertia, which seems to as to he the most 


natural thing in the world, the observed facts 
of material nature are often used as foundations 
for figures of speech, as when we Bpeak of the 
inertia of a man's mind, or of a political party. 
But the present writer has not yet met any 
metaphorical use of the fact that inertia is 
expressed in two wayB, each of which Newton 
stated in his first law of mot^pn. That law states 
not merely that a resting body remains at rest 
until some force causes it to move, but also that 
a moving body continues to move for eivr in a 
straight line at a constant velocity until some 
external force is applied to it. Now this property 
of “ going on ” when once Btarted is as much a 
result of inertia as is the remaining at rest when 
at rest. In each case the body in question — we 
assume for the moment that no new force is 
being evolved inside it — is passive ; passive, 
though it be a “ flying star " like Arcturus, 
rushing through space at the rate of one hundred 
miles a second. It is fore t that causes the 
motion — not Arcturus, which is as inert, so far 
as this motion is concerned, as is a penny lying 
on a mantel -shelf. The one moves, the other 
rests — each in virtue of its inert ia. When 
writers in general become acquainted with the 
elements of physics and gain a full appreciation 
of the principle of inertia, instead of being 
content, as at present, with the mere recognition 
of one of its results (which must be quite incom- 
prehensible to them), they will discover that 
both aspects of inertia may be illustrated from 
the ways of men as individuals or in society. 

Mental Inertia. If it be mental inertia 
that causes a man to resist a new' idea, it is 
also mental inertia that cause's him to persist in 
following an old idea, long after any rational 
cause for following it has ceased to exist. Illus- 
trated in daily life everywhere, this kind of 
mental inertia is conspicuous in children, 
the aged, and the insane. This is as truly 
inertia, and as truly due to the same cause — 
the lack of any spontaneous force within the 
person in' question— as is the inertia that is 
expressed simply in continuing to do nothing 
simply because one never has done anything. 

We lay emphasis on this analogy, because it 
is neglected , true, and useful. If we condemn the 
inertia of the more obvious kind, we should 
equally condemn the less obvious inertia which 
expresses itself in human action as the aimless 
continuance of a course once entered upon. 
Each is equally due to mental laziness, passivity, 
or inertia, ancf each illustrates Newton's first law 
of motion in the sphere of mind. 

We hope we have convinced the reader that 
the second part of the law really expresses and 
depends upon the same fact as the first. But 
the reader may admit this in theory, but deny 
that, when we come to the test of actual experi- 
ence, the second part of the law is found to be 
true. It is, of course, its apparent untruth that 
has led to the non-recognition, by the public 
and the writers, of the more subtle expression of 
the principle of inertia. For, in point of fact, 
all moving bodies with which we are familiar 
shdtiri* tendency to stop moving : whereas 
Newton's law declares that the fixed and univer- 


sal tendency of all moving bodies is to go on 
moving. If the law is contradicted by a single 
fact, it is no law but a lie ; and we must ask 
ourselves whether the thousands of familiar facts 
that appear to contradict it really do so. 

Why Does a CricRet«b*U Stop? A 
cricket -ball, driven with moderate force along 
the ground, will reach the boundary at Lord's 
when the ground is hard and dry and the grass 
cut Bhort. The critics remark that “the out- 
field is very fast to-day.“ The same drive, 
applied to &\>aU of the same weight, after a night’s 
rain, will send the ball only to a point short of the 
boundary by many yards. Everyone knows wby 
the hall stops— the outfield is slow to-day. ’ 
When the cricketer uses these terms he is vir- 
tually recognising the second part of the first law 
of motion. He admits that tne ball stops short 
of the boundary in the second case, not because 
of any tendency to stop, hut because m>mething 
utopM it. He knows very well, too, that the 
same drive would cause the ball to run for 
hundreds of yards if the outfield consisted 
of a very smooth sheet of ice. In such a cast' 
the ball would not roll, but would slide, and 
there would be very little sign of any tendency 
to stop. 

The difference bet ween the firm turf outfield, 
the wet outfield, and the ice outfield (on which 
any drive that passed the fielders would lie 
worth a hundred runs, if there were no boun- 
daries), lies in the differing values of the external 
forces of friction in the three caws. In the last 
case, the force of friction is so slight that the 
hall does not roll, hut glides or slides. It is, of 
course*, friction that makes the hall roll in actual 
practice. Alsdish friction and the ball will glide 
for ever, if there lie no other force to stop it. 
In point of fact, however, the ball would not 
roll for ever, even on the smoothest ice, and 
even if its own surface was as smooth, so that 
friction w'hh reduced to a minimum. It would 
not roll for ever, even if the conditions were such 
(quite unobtainable in our experience, whether 
of cricket or any other form of praetical 
dynamics) that there was no friction at all. 
The ball would stop at last. This would not be 
liecause of any tendency to stop, but simply 
because of the resistance of the air. 

The Ocean of Air. HememU*r that the 
air is really an ocean, at the bottom of w hich we 
crawl and play cricket. The hardest drive would 
not send a ball far through water; the hardest 
drive will not send it infinitely far through air ; 
but, in virtue of the fact of inertia, th«; feeblest 
drive would send the ball moving at undiramished 
speed — it matters not how* slowly — for all 
eternity, if there were no friction and no resisting 
medium. 

The apparent tendency to stop must thus bo 
recognised as consisting in' the interference of 
friction and the resistance of the medium with the 
real tendency — the tendency to go on. But we 
may note one or two further facts concerning the 
resistance of the medium. 

It has this character, that it increases with 
the velocity of the moving body. This is 
a physical fact which is unalterable, and as 
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such it enables us to make oerUtn predictions a* exf mm&d itself as heat is a B&d* jrf 

to mechanical possibilities For it follow* from motion) engendered by the friction between the 
this fact that there mast be limits to the velocity rotating ball and the ground, and the rotating 
attainable by a ship moving through the ocean of ball ana the air. 

air, or a ship moving partly through an ocean Motion Cannot be Destroyed. It would 
of air and partly through an ocean of water, be a case of what is so badly named perpetual 

The two cases are exactly parallel In each the motion if the cricket-ball caused all these 

difficulty of maintaining a velocity increases motions in its path— did tM* work — and yet 

as the velocity increases. If a given “ horse- lost none of its own motion. If it were pre- 

power ” or strength of engine will yield a given vented from doing any of this work, it would 
velocity, twice that strength of engine will not display porpetual motion in its own body ; 
yield twice that velocity. The same principle but in doing work, that is, in imparting 

applies to the speed of projectiles. motion to its surroundings, it loses its own 

"The Spinning Top. The second fact motion. What is meant, then, by the “ impossi- 
to be noted is that the resistance of the bility of peipetual motion " is really no such 
medium— however invisible the medium may thing : nothing but perpetual motion is possible 
happen to be -—and however unimportant, as to any moving thing, unless it bestows its 
compared with friction, it may lie in the case of motion to something else. It simply cannot 
the cricket-ball, is yet easily demonstrable by a stop save by giving up its motion to something, 
simple experiment, and is found to be very It cannot destroy its motion. By the impose t- 
considerable. A lieavy metal top w ill spin in hility of perpetual motion is meant the fact that 
water for only a very short time. In air it will the cricket-ball cannot both give up its motion 
spin for perhaps twenty minutes. Here friction and retain it. One cannot both eat nis cake and 
is slight, since the point of contact between the have it. One cannot make something out of 
top ani the surface is so small. (Try spinning nothing, nor destroy anything — not even motion, 
the top on india-rubber — or cheese.) If now Motion may be got rid of, but it remains some- 
th* top lie spun in a “ vacuum ” — that is, in a where. This is what is meant, as we shall 
vessel from which the greater part of the air see later, by the law of the conservation of 
has been removed — it will spin for an hour. energy. 

Alxilish all friction and all resistance from air. The Conservation of Energy- Energy 
and the top would spin for e w. Plainly, then, — including the kinetic energy we call 

the reader will say, perpetual motion is theoreti- motion — cannot be created or destroyed. When 

cally possible, though men of science declare the ball left the bat, something was put into it. 
that it is not. The bat lost part of its motion, which the ball 

There is here an apparent contradiction, but gained. If the ball had a tendency to stop, this 
it deiKinds upon a misuse* of language. Newton's would mean that the something put into it had 
first law of motion positively declares not merely a tendency to be annihilated. But there is no 
that per|>otual motion is possible, but that such thing as Annihilation. The something 
it is inevitable and noo(*aaary. Every moving imparted to the ball remains with it after one 
thing, it declares, will exhibit perpetual motion yard, and will remain with it throughout an 
if only it be left alone. eternal passage through infinity, unless it is 

Perpetual Motion. But a special mean- transferred to something else, 
ing has lieen attached to the phrase per- It must continue to exist somewhere. But if 
petual motion, and we must explain that it be imparted to something else — e.g. the air 

meaning hew, since it bears directly upon or the turf — it necessarily leaves the ball ; and 

Newton's law*s of motion, and Binoe Newton so the hall stops. It follows that the ball can 

recognised indirectly, in virtue of his study of do no work without giving up something it 
motion, that law* of the conservation of energy possesses. It can do no work without doing it. 
which contains a denial of the possibility of so- That is what the perpetual motion machines are 
(tailed perpetual motion. We have seen that designed to do : their makers expect them to 
perpetual motion is as natural and necessary — do work without doing it ; to create power out 

so far as the laws of nature are concerned — of nothing ; to give their motion to a lever or a 

as perpetual rest. Each implies the basic wheel, ana yet to keep it. 

principle of inertia. But by so-called “ per- We have insisted upon these considerations 
petual motion " is meant not perpetual motion at length, first because the phrase impossibility 
at all. but the production of perpetual work by of perpetual motion is the very worst conceivable 
motion, without any loss or disappearance of that way of expressing what it is meant to designate, 

motion — a very different thing. whilst the utter impropriety of the phrase is let 

As long as motion remains motion it will pass by writers in general ; and because it is very 
be perpetual ; and. indeed, it may be shown important, and not sufficiently insisted upon in 
that motion is perpetual, since even when the the text-books, that we recognise the neoessaiy 
motion of a body ceases it is not annihilated, connection and interdependence of Newton's 
but is really transformed into other forms of First Law of Motion and the law of the Con- 
motion. Otherwise it would not oease, declares servation of Energy, the former is now to be 
Newton's first law. regarded as none other than an expression 

The cricket-ball stops rolling, but its motion of a special case of the latter. The law of 
has been com m un i cated to innumerable par- the conservation of energy includes the fact of 
tides of air which it has displaced, and has also inertia. 

498 To U omtitmti 



6rwp 17 

SHORTHAND 

8 


SHORTHAND 

Sp ^ 1 «—■ *"tW - PW. T. 
tteth Century PUn, de.Ung with Circlet, Loop, Cimnwudopwo 

By SIR ISAAC PITMAN AND SONS 


THERE are in the English language a number 
of frequently recurring combinations of 
consonants which are represented in Pitman's 
Shorthand by large circles, looj*, and hooks, 
attached to the consonant stems. After the 
student has learned the use of the additional 
sign for a (a small circle) in the following 
section, he will begin to master the series of 
abbreviations above mentioned. The systematic 
and general employment of hooks, etc., for 
doubling and trebling the power of consonant 
characters forms a distinguishing feature of this 
shorthand method. The signs can lie mastered 
with comparative ease, and their uniform em- 
ployment under simple rules, and the readiness 
with which they can be written, render them 
an important addition to the sj>ee<l resources 
of the system. 

Circle S and Z. 8 (together with its 
heavy sound for which a is generally written) 
is one of the most frequently occurring conson- 
ants in the English language. The consonant 8 
is represented, not only by the stroke », hut 
also by a small circle [ o ), which forms an easy 
means of joining one consonant to another. 

When the circle stands alone, or is joined to 
straight consonants not forming an angle, it is 
written with the backward or left motion, 
thus 

K Vj -* 

*7>, ak, jta, k a. 

Between two st might lines forming an angle, 
the circle a is written on the orrsihE of the 
angle ; thus 

1 i- ^ < A /- 

hat, tat:, paly chap, rap, rat:. 

When the circle a is joined to curves, it is 
written inside the curve, and when it occurs 
between two curves, it is usually written inside 
the first ; as 



A ) 



r 

r 

J 

* 

A ». 

ms. 

ns. 

d. 

Uy 

aah. 



"X 

y 



ahs, sms, msm, 

M, 

mar. 

A. 

man, 

nsm , 


fit, tan, Urn, rung, ants, data, Ur. 

The circle a is always read first at the beginning 
of a word, and last at the end, the vowel or 
vowels being read according to their positions 
with regard to the stroke consonant, and not 
with reference to the circle, as 


A "f / \ * 

up, ought, aye, pay, may, my; 

V t f ^ 

*iip, sought, sage, jiarr, mace, rare. 

Tlie succeeding Exercises when in shorthand 
are to lie tranHcrilxHl in longhand ; when in or- 
dinary print they are to lie written in shorthand. 

Exercise. 

1. 

2. t. ^ '"J __ J_ ^ |r 

1. Soup, snow, cans, keys, |malm, seed, Ymicm, 

alms, thaws. 

2. musk, deceit, opossum, tcniis, be- 
seech, oxide. 

Loops 3T snd 8TR. The frequently oc- 
curring combination at at the beginning of a 
word, as sfeiii, and at and ut at the end of a word, 
as in mist. mus'd, are represented by a hmp 
made half the length of the stroke to which it is 
attached. This at (stee) loop follows t he same 
rule as the circle a, that is, it is always read Jirat 
at the beginning of a word, and hint art he end ; 
like the circle a it is written Utcktmrd to straight 
letters and inside curves ; thus 

os* _ 

ache, at ike % atake ; hdif, raae, vnaetl. 

When convenient the at loop may be employed 
medially, thus 

v- Ik 

restnf, leafing. 

A large loop, extending two-thirds of the 
length of the stroke to which it is attached, 
represents atr. This atr loop ia not mitten at 
the. beginning of a mux 1. At the end of a word 
it is invariably read laat. The same rules for 
writing apply to it as to the circle a and the 
loop at, and it is written buekwuxl to straight 
letters and inside curves, thus 

\o N, v> 

pussy ) and, pastor ; mnsa , moat, master . 
This loop may be used medially, as in 

X, 

masterjnece. 

The circle s is added to a final loop, as in the 
following examples, 

k * ft t? 

taste , tastes , lustre, lustres. 


421 



Exercise. 

1. 

2 . f { P V ^ -f> -f> 'T» ^ 

1. Stoop, pout, Btick, kiiwod, stuff, foist, stotue, 

statute. 

2. Jest, jester, jesters, elastic, j>aHtor, (outer, 

Cheater. 

Large circles SW and 38 or 3Z. 

A large initial circle written in the name 
manner an the circle a, represents the double 
consonant air, thuH 

^ but ^ ^ 

seat, sweet, sum, suuim. mm »/, sway my. 

A large meoial or final circle, written in the 
aaine way an circle a, represents as or at. Thin 
large circle tuny be sunposed to contain the 
neoond' place abort vowel a, and thuH to repre- 
sent sw» wz, zes, or zez ; thuM 

'f (X>) V) (»ez) (zm) r° (zex) 

necessity ; jxisses ; jstsse.ssii'c ; causes. 

Other \owela limy be expreHaed by placing the 
vowel-sign within the circle ; thus 

•T -f 

exist (ek zist), exhaust, exercise. 

Final a i« added by continuing the circle ; thus 

exercises. 

When a word baa a final accent, the stroke a 
and small circle or t he Miuall circle and Htroke a 
are generally used, and not the large circle, thus 

^ but ' o) t>ut y 

ruVra, recent'; |a»Vra, jxwwvw'. 

Exercise. 

1. P - P Q_- 6 " ( > 7 Vn c-v q> c H 

2. ^ ^ ,9 op U) "I 

1. Switch, Swedish (ah up), awing, swill, swift- 

est, swiveL. 

2. Pohscshor, accessory, unsuccessfuL ; ruses, 

aiiar.ysis. 


Therefore, 

The stroke consonant must be used — 

(a ) When a or z is the only consonant in a 
word, as J )* } 

gujh. 


saw, 


east/. 


The stroke is also employed in derivatives from 
such words, as 

is L b 

sawmill , mjhiiuj, easiness. 

(h) When a word begins with a vowel im- 
mediately followed by a or z , as 


1_ 

ask. 


espij, 




Isaac. 


(c) When a word begins with a, followed by 
a vowel and another a or 2 , the stroke a is 
written and then the circle ; as 

* \ t 9 

cease, seizure , society^ saucer. 

(d) When initial a is follow ed by two vowels, as 

t L. £ 

Siam, science , sciatica ; 

or when final a i« preceded by two vowels in 
different jets it ions ; as 


-f ^ 


joyous, tortuous. 

(e) When a word ends with a vowel im- 
mediately preceded by a or z, as 

A ^ O 

mercy, racy , huay, Zasi/. 

(/) When a w'ord begins with s, the stroke ) 
is written, thus 

k y I*- 

sent, zeal, ziyzay. 

When the last consonants in a w'ord are a t 
w'ith a vowel between them, and when a vow el 
follows a t, the circle a and the consonant t must 
he used, and not the loop, thus 

rosette, rusty. 


.Vowel* end 8 mod T. As an initial 
circle or loop must always bo read first, and a 
tiiial circle or loop must always be itsad last, it 
is necessary, when a word begins or ends with 
a vowel, that stroke consonants be employed, 
and not circle a or loop st, to which vowels 
cannot be placed. Compare, for example, 

Y\ *nd \> *nd p « n d j,- 

«**p, derp; puu, puny; dud, dud y. 
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Exercise. 

j^un ■* -"i 

1. Ace, essay, says, espouse, schism, assize, 

assignee. 

2. Dizzy, cosy, rosy, russet suicide, scisaoM, 

easel, zenith. 



Orammalofue*. Frequently occurring 
words are expressed in shorthand by one of 
their letters, as \ for \ be. These words 
are called gr&mmalogues or let ter- words, and 
the shorthand characters that represent them 
are called logograms or word-letters. Below is 
given a list of grammalogues which should Ikj 
committed to memory. These characters are 
generally written on the line, but often above 
or through it. The }s wit ion in which they 
should be written is indicated thus : (1) alstve 
the line ; (3) through the line ; all others rest 
on the line. 


a, an (') 

- oil (') 

and (hip) 

1 any, in (*) 
X are 

as, him (') 
\ he 
i hut 
.♦IH. win (*) 

0 first 
— give 
^ have 


Grammalogues. 
i he 

him , may 
a how 

i. <‘>jt 0 

0 is, hi ft 

1 * 

»u*, my (’) 

-L of O 

jl (') 

y/ our, hour(*) 
X- ( 3 ) 


n shall 
/ tthtndd 
the 

( Mm 

. 4.. ^ o 
C Mi* 

those (*) 

\ to 

/ who (down) 
) t/vw 

wfy/ (') 

you 


ExKiiriHE. 

The full stop is represented by a small cross ; 
thus x 


s.noi- v '.r, / “v w 


• Q±s X 4 




3. A king’s ministers occupy nigh posts ; they 
can sjieak first, and they may make or man the 
peace of the rest. 4. If chosen by vote, those uho 
nave the poweR to register such <i vote shouUl use 
it to fwt in office just advisors and thorn* honest 
itt counseL. 5. By these the head of the state may 
l* safely advised, and in this way his ruLe may 
be fixed. 


a . f ' . 9 ( t 

~ \ hi r ? 

M.'Mi 1 

c* ~ ‘ y x 

^ ' X 4 t 

K ^ ( ' " 


CT-t 

3. At the detune of lend Kwnnago, they wrote 
essays on Genesis. 4. W successful, essay 1 m»kc 
the name of Thomas Davis. 5. Many were fui.i. 
of eKHoRs, hut the master seems to think Highly 
of Davis’s as {smsessing many excellences, 
ti. A thing given by many mts a synojisiM of the 
book. 

3 o r* [ . ° \ y 
1 . r ~ « 4 s ~ ~ 4. L 1 o v 

H o ' y * 

3. Cecil ran now see it is of no use to assail the 
lessee who is honest, find to whose honesty all of 
us can testify. 4. If we may say so , Ao ought to 
he less xeahms to abuse in so fussy a way such 
an unassuming fellow. 5. To use him thus is to 
show* a sauciness which is wrong, fi. Only a 
ninny ran pursue it in so testy a style. 

Kky to Exkkcihk in Last Lesson. 

Ijong Vowl*. 



(Imminalogues are printed in italic. 

3. Sam is fuLL of dismay in passing the Bay of 
Biscay. 4. But mg Scotch gillie shows he has 
no feaRA, and my Sepoy has no scaRe as to his 
safety. 5, Can you say how I may jiacify Sain 
on this scoRe? fl. Why you may assuKe him he 
has no cause to give, way to any ala Bins, or sjieak 
to him in such ways as seem likely to allay his 
sorrows. 

3 o Ji- x Ik, , t- * v ) v 

\.^l\7 v .aL« 4 4 . / 

f v \ J ^ ^ s 

5 I ^ X . \e 9 Ly n 

( . -C 4r — * 


She, thaw, hay, oath, l*ay, go, each, woe, 
shoe, mow. 

Short Vm rets. 

Lack, red, tap, rag. ditch, pill, dell, mill, ledge, 
knock, jug, chop, cook, gum, fop, wood, lock. 

Jahuj and Short Vowels and ISjihttunojs. 

Goal, get, love, loam, beach, ship, chime, joy, 

I h nidi, ague, allow, laid, windy, mire, pad, wide. 

<■ - ^ t ^ ^ •" L 
a { <r ^ a r ; 
1 -s. a b t'’ <k\ \j~ C 

■i -y * -A. v/ J ^ 
y r ^ 


To he continued 
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Group 1 

AGRICULTURE 

CULTIVATION OF THE SOIL 

3 

Ploughing, Harrowing, Cuttivatiag, Rolling, Pressing, Sowing. 

CoftttatMd (tom 
page W 

Drainage of Soils. The Value and Composition of Manures 


By Professor JAMES LONG 


The Ideal Form of Cultivation. The 

noil is tilled either by hand, horse, or steam 
power. The chief objet;t in view is the forma- 
tion of a seed-bed, the mould composing which 
should be reduced by wca hering and the aid of 
farm implements to as fine a condition or tilth 
as possible. Owing to thoir extreme fineness 
imd delicacy, the roots of plants an? unable to 
|ienetrate as they should in all directions 
unless the mechanical condition of the soil 
approaches perfection. 

The cultivat ion of soil has the effect of bringing 
most of its constituents into contact with the 
air and the sun, by which means it is better 
adapted to the fading of plants, while its 
texture is improved. The ideal form of culti- 
vation is spado labour, but this is impossible 
on the farm owing to its groat cost. With the 
spade or the fork the surface of the soil is com- 
pletely turned, broken up, or laid up in loose 
clods for pulverisation by sun and rain, or frost, 
wheroa* the sulisoil may bo also dug or loosened 
without being brought to the surface. 

It is owing to the influence of the elements 
that trenching or double-digging provos so valu- 
able in nursery and garden work. The oftener 
the sulisoil is moved, while kept in its places 
and the more it is in this way exposed to air and 
Hunlight, the more rapidly is it improved, and 
the greater the extent of the feeding ground of 
the plants wiiich grow above it. The plant food 
present in the subsoil, practically tne second 
nine inches below the surface, is chiefly present 
in an unavailable form, but as its future avail- 
ability depends chiefly upon air, heat and 
moisture, it is obvious that digging is superior 
to ploughing, and the subsoil plough, which, 
unlike the ordinary plough, keeps the subsoil in 
its place, should be used as often as possible. 

Ploughing. Arable land is, in the first 
place, cultivated solely with the s lough, which is 
made in a variety of forms which are described 
in a succeeding chapter. It is seldom that the 
farmer ploughs more than nine inches deep or 
more than a toot in width. As a rule, the greater 
the depth, the narrower the furrow, for both 
width and depth increase the draught. It is, 
♦oo, in most cases, especially where the surface 
soil is shallow, dangerous to plough too deep in 
practice, inasmuch as the inferior subsoil would 
oe brought to the surface. 

Plants which, like wheat, oats, roots, potatoes, 
lucerne, and the clovers, are deep-rooted, 
travelling both laterally and below in search of 
food and water, prefer deep soils. Barley and 
other shallow-rooted plants are successfully 
grown on thin soils wtteie deep ploughing is 
impossible, bat where deep stirring is sometimes 
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essential. The area covered with the plough in 
a day .varies from half an acre on the heaviest 
clays (o one acre on the lighter soils, hut this 
is ruled by the depth to which the plough 
penetrates, the horses travelling more or less 
rapidly in accordance with the draught. The 
form or shape of the furrow to be ploughed 
should be studied. The object in turning a 
furrow is to provide space for air benea* h, to 
prevent the further growth of the plant life still 
growing on the surface, and to present a crest 
on each furrow, which, in response to the 
harrows, will work down into a fine seed-bed. 

Furrow-slicing, Where land is ploughed 
in summer for cleaning, or in winter for frosting, 
high-crested furrow slices are important, as they 
wea'her better, and consequently pulverise more 
completely. It is important, where the soil 
ploughed is covered with vegetation, that the 
skim coulter should be attached to the plough, 
that it may pare the edge of the slice on the 
land side, and thus remove and bury those 
plants which, after the furrow has been laid, 
would otherwise remain partially exposed and 
in contact with the atmosphere, ana thus be 
induced to continue their growth. The bottom 
of the furrow should be left flat, and here the 
horses vralk when harnessed in single file. 

In CanadA and other Colonies gang ploughs 
are used, so that three furrow's may be taken at 
one working, the driver riding behind his <eam. 
This practice is most economical and rapid, but 
adapted only to large fields. Three- breasted 
loughs are seldom used in this country, while 
ouble- breasted or double-furrow ploughs are 
more common for work on hillsides; where the 
one-way or tum-wrest plough is also found most 
useful. Soil under the plough, unless where 
it is exceptionally light, is laid up in 41 lands/* 
or ridges, with open furrovra between them for 
carrying off the water. These lands vary in 
breadth from the width of a 13-coulter drill 
upwards, this width depending upon the soil 
texture. Thus, the heaviest clays are ploughed 
in lands of 1 1 or 12 feet, and being crested, or 
laid up, much higher than the furrows, they 
remain more or lees dry during the winter season. 
It is essential that all suoh sous should be under- 
drained. 

The Steam Plough. Hie steam plough 
has not proved a very successful aid to 
British farming ; apart from its cost and the 
damage which follows the movement of the 
engine on the headlands of the fields, the imple- 
ments axe too clumsy as well as too risky ; 
their work is therefore imperfect and sometimes 
more or less destructive. There are, however, 
occasions when fields which have been abandoned 





to nature, or which are crowded with weeds, may 
be steam-ploughed with advantage. Where 
Und bee been ploughed with hone power, the 
steam cultivator nay sometime* be used with 
gnat snooess. There is littie risk of the subsoil 
being brought to the surfaoe, while the rapidity 
and power with which the implement is drawn 
through the field assists in the reduction of the 
tilth and the destruction of weeds. The mould - 
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ing, ridging, or double-breasted plough is 
employed in forming ridges on which mangels 
and swedes are grown, and also for covering 
potatoes, which, planted in the furrow, are subse- 
quently ridged over. 

The soil, first ploughed deep, is brought to a 
fine tilth, especially necessary for the potato, 
and subsequently ridged throughout with the 
ridging plough. Manure is placed in the furrows, 
the potato sets are laid in their places, and the 
ridges between each furrow are split in two, 
and the furrows covered, forming in d 

turn fresh ridges or bouts. The steam 
digger, which for some time promised 
success, has not yet taken hold of the 
farm. The latest invention, however, 

in which horizontal discs are introduced . 

into the soil, stirring and pulverising i* ~ 
to considerable depth without turning 
it over, is suggestive of a marked ad- 
vance, and possibly when the cost of 
the implement comes within the range 
of the farmer’s pocket, it may be 
employed with advantage. 

Harrowing and Cultivating. 

The cultivation of the soil by the aid 
of the horse Cultivator , Scu flier, Grubber, 

Scarifier, or Horse Hoe, is intended to 
improve the tilth by reducing it to 
fineness, and removing the weeds. 

These implements, some of which are huge and 
powerful, are provided with bent pointed tines, 
which ate sometimes shod with arrow-pointed 
beads or hoes, the horse-hoe in its torn being 
shod with (--shaped heads or shares. In this 
way coarse cloddy land is broken down and 
partiaUv clean ed, but no implement, indeed, no 
form of labour, pro du ces the same result as 
sun, rain, sad frost, when the land is taken at 


the right moment. The horse-hoe is especially 
employed in hoeing between rows of beans, 
potatoes, mangels, swedes, and cabbages. It 
not only improves the surfaoe tilth, but outs 
down au weeds before it. 

Land is harrowed after the plough to produoo 
fine tilth in the seed-bed, ana, whether sowing 
with the drill or the seed-harrow or by hand, 
with the object of covering the seed. Seed- 
^ harrows are lighter and smaller than bar- 
rows intended to follow the plough, but 
i he weight depends upon the nature of 
the sou, for the heavier the soil the 
- heavier the harrow required. In early 
spring the harrow is frequently drawn 
across a field of growing com to kill young 
weed seedlings, as well as to break the 
crust which has formed, and to admit 
air. Similarly, harrown are drawn across 
meadows before the spring grass com- 
mences to grow, for the destruction of 
moss, the breaking of the soil can, and 
the admission of air. Some farmers 
harrow their turnips as well to improve 
the tilth as to remove a number of the 
growing plants which, sown thickly in 
rows, are subsequently singled with a hand 
hoe, leaving spaces of 15 to 20 inches 
between each turnip. In autumn the 
Stubbles are harrowed to kill weeds, and on 
those farms where Trifolium incarnation (crim- 
son clover) is grown, in order to cover the seed 
which has been broadcasted. 

Rolling, Pressing and Sowing. Rollers 
are made in two forms — fiat, and with a series 
of loose rings. Both are intended to give com- 
pactness to seed lieds. After harrowing in the 
seed, whether com, clover, or grass, the roller 
is passed over the land, moisture is proservod, 
the seed is induced to germinate bettor, and 
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the plant to grow more quickly, while the 
•oil surface remains level and consequently 
more suitable for ulterior forms of labour. 
Grass Und is rolled after harrowing to give 
the compactness which has been disturbed 
by the harrows, as well as to crush excrescences 
or loose materials, such as stones, which had 
not been picked up, in order that they may 
not be in the way of the knives of the mow- 
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ing machine, and possibly become a 
cause of accident. 

The Prt$9tr% which is now employed 
in few parts of England, is drawn 
after the plough over land intended 
for wheat. The heavy rings of wtyich 
it is composed produce deep, if narrow, 
furrows or impressions, into which 
broadcasted seed falls, and where it is 
subsequently covered by the harrows 
and roller. Although the seed of com 
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is frequently sown by hand, the prevailing 
method is now to deposit it in the soil by the 
aid of a drill. The two leading types of drill 
are those which are known as cup and force 
feeding drills respectively. The quantity of com 
to lie sown is regulated, and drooped into the 
furrows made by the tines of the cylinders, which 
are known as coulters. The average drill will 
not only sow com, hut clover, lucerne, peas, and 
in some coses beans and grass seeds. Grass and 
clover seeds when mixed are commonly 
broadcasted by the aid of a seed -h arrow, 
which takes a wide sweep. Sometimes, 
however, a broadcaster is attached to an 
ordinary drill, so that grass seeds may be 
sown with the com, and, therefore", at 
one operation. Drills are sometimes 
made with interchangeable bodies, so 
that turnip, mangels, and cabbage seed, 
together with artificial manures, may 
also be sown with the one machine. The 
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typical English drill is much inferior to the Cana* 
efian, which is lighter, reouiring less horse power, 
and only one man and a boy — sometimes a 
man will suffice — instead of two men and a 
boy. The work is more quickly performed, the 
wearing parts are simpler, ana easily replaced, 
while the ground covered in a day is measured. 

Drainage of Sofia. Unless drained 
effectively, many soils, especially the clays and 
marshy lands, would be useless for the produc- 
tion of crops. Land needs draining when it is 
boggy, when rain collects on the surface, or 
when the water table is so near the surface that 
the roots of plants penetrate it. A wet soil is 
often recognised by the weeds which grow upon 
it, as the sedge and the rush. Draining has the 
effect of removing surplus water, and of intro- 
ducing air, consequently it promotes warmth, 
the soil becomes porous* is healthier for stock, 
and is followed by the disappearance of water- 
loving weeds, and the vigorous growth of 
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cultivated plants. The natural growth of crops 
is earlier, manures act more effectively, the soil 
is worked more easily, and a more perfect seed- 
bed preparable. Land may be drained on the 
surface by making grips or farrows — a common 
practice on very heavy clay where each “ land ’* 
is ploughed to tne width of the drill ; by opening 
furrows with the spade, and filling with hard 
bushes, or — and this is the most approved 
practice — by laying pipes. The common drain 
pipe, 2| inches in diameter or bore, is made of 
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well -baked day. It must be laid on a level 
bed, carry its wa*er in’o the main drain, which 
conveys it to a carefully-selected outfall. 

The depth at which the pipes are laid depends 
upon the character of the soil ; it varies from 2| 
feet in heavy clay to 4 feot in loam. The distance 
from drain to drain also varies with the soil from 
12 to 40 feet. The main drains are laid lower 
than the collecting drains that the water may 
be perfectly collected and carried away. Tin* 
main object of draining is not to remove water 
from above, but from below, and thus to reduce 
the height of the water table. It was found at 
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roots, only a portion of the nutritious material 
is utilised, the remainder is evacuated, and as 
this refuse contains the larger proportion of the 
fertilising matter present in the ration, it follows 
that by its return to the soil something i» pro- 
vided for the enrichment of future crojw, although 
not all that was taken from it. 

Comparative Values of Food. An 
animal which is productive, as the cow in 
milk or in calf, or the steer in process of 
fattening, utilises more of the valuable pro- 
perties of food than an animal maintained in 
merely store condition, hence the manure pro- 


The Composition of Manure: Analysis of rrs Properties. 

[The ttgurcK given arc per cent.] 


Water 

Farm manure, mixed and fresh 7;> 


J>o. do. and rotten 7.'» 

t rine : Cow 02 

Hone so 
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Sheep so 


Organic 

Matter 

Nitrogen 

Phoaplmric 

Acid 

Potash 

Lime 
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Rothamstcd that when the rainfall reached 25 
inches some 2,500 tons of wa*cr were dejxwited 
per acre, of which less than 50 per cent, was 
evaporated, the balance passing through the soil ; 
it follows, therefore, that on a soil which is not 
sufficiently porous or well-drained successful 
cropping is impossible. 

The farm student, having learned the prin- 
ciples of draining, should make a point of 
studying it in actual practice. Especially 
should ho also make a point of examining land 
which is undrained but which needs draining, 
and of heavy clay land with crops upon it 
W'hich has been successfully drained. 

MANURES 

In order to understand the principles upon 
w'hich farm production is based, it is neces- 
sary to realise that plants feed, and that 
just as the bodies of animals, including man, 
are built of materials found in the soil, the 
atmosphere, and in water, so are the bodies of 
plants. The plant, either directly or indirectly, 
feeds the animal, hence the dependence of the 
one kingdom upon the other, for the waste or 
excreta of the animal returns to the soil, and 
after undergoing certain chemical and other 
changes, becomes food for plants. Manure may 
be broadly divided into two kinds, farmyard 
dung, *.e., the solid and liquid excreta of animals, 
and artificial manures, some of which are bye- 
products, while others are obtained direct from 
the soil itself. Farmyard manure is a mixture 
of the excreta of the livestock of the farm and 
straw and other litter provided for their comfort. 
It is the most perfect manure, because it con- 
tains all that is necessary for plant life, and 
because of the mechanical, or physical, action 
which it exerts, especially on the extremely light 
and heavy soils. In die consumption of food 
by stock, whether com or cake, hay, straw, or 


duced by either is of loss value, but in practice 
the productive animal i« usually fed upon rich 
rations im|x>rted on to the farm, so that the 
manure produced may not only maintain the 
fertility of the soil, but actually increase it. 
Where no such food is imported, and where the 
livestock of the farm are fed solely upon its 
produce, the soil is gradually impoverished, 
especially as regards its most valuable consti- 
tuent, nitrogen. Soil exhaustion, however, may 
lx? largely prevented in most cases by deeper 
and more thorough cultivation. The minerals 
below', when stirred, are submit ted to the influence 
of air, and the insoluble foods they ifontain arc 
gradually rendered available. 

By the application of nitrogen in some artificial 
form to soil well supplied with potash, phos- 
phoric acid, and lime, crops may lie grown 
without exhausting it, but no farm practice is 
generally justified or economical where the 
employment of dung is ignored. As a soil is 
infertile where either nitrogen, potash, or phos- 
phoric acid are alisent, it follows that care must 
be taken that it is supplied with each, and in 
sufficient abundance. The systematic use of 
dung ensures this ; but again, in practice where 
dung is the product of ill-fed stock, it must be sup- 
plemented by artificials containing one or more of 
these materials if the results are to be successful. 

Value of Dung. Still, further, as dung pos- 
sesses a mechanical value which artificial fertilisers 
do not, it is essential on both heavy and light soils 
owing to the importance of improving their tex- 
ture. Vegetable and animal matter of all kinds 
contain some fertilising property, hence the com- 
post heap of the gardener and the dung heap of 
the farmer. Even weeds are convertible into 
useful manure, but their life must first be 
destroyed, or the soil may be again infected by 
their presence, or by the germination of their 
seeds. 






AOMOUkTUm 

Where dung is built into a heap, the side* should 
be perpendicular and compact, and the dung from 
each class of stock thoroughly mixed. As dung fer- 
ments or oxidises, oxygen uniting with certain of 
its constituents in the presence of air, it should 
be kept as compact and cool as possible. In the 
uncovered farmyard, which is usually littered 
with straw, the manure is subjected to rain and 
fermentation prevented, but such practice is 
followed by great reduction in its value, owing 
to the washing away of a large proportion of its 
most valuable properties, while the labour of 
cartage to the land is increased. 

Liquid Manure. Unless manure, the urine 
lieing absorbed by the litter, whether straw' 
or peat moss, is daily carted to the fields, 
it should be heaped under cover, and above 
a lank intended for tin* salvage of the 
liquid. If a pump is erected above the tank, 
and in the ceilin' of the heap, the liquid 
may be daily distributed over the solid manure, 
and while being alworbed, thus keep the heap 
cool. As we shall sec? later, the liquid excreta, 
weight for w'cight. is of greater value* than the 
solid excreta of stock, although it is extensively 
wasted in farm practice. If this liquid, t\r„ 
urine, is drained into a tank, as already sug- 
gested, it must l»e diluted with about twice its 
volume of water in order to prevent the loss of 
its nitrogen, which will otherwise escape in the 
form of carbonate of ammonia. It follows that, 
from what has been said, a dung heap should 
Ik* covered with a simple roof to prevent its 
damage* by rain. Where a manure? heap heats — 
and heating is more rapid in the case of the 
excreta of the horse than of the heavier excreta 
of cuttle ami pigs —nitrogen in the form of 
ammonia is quickly lost, while if washed by 
* 4in, the drainings will remove a large projKir- 
tion of the two chief mineral fertilisers, potash 
and phosjUioric acid. The loss of nitrogen may 
Ik* prevented by the employment of gypsum 
(plaster of Paris) or the potaasic fertiliser kainite, 
or even by the lilwral distribution of dry earth. 

Effect of Covered Yards. In farm 
practice of the best kind cattle and pigs 
an? largely kept, as, indeed, are sheep in 
France, in covert'd yards or sheds, with the 
result that less straw is employed as Utter, and 
the manure produced is not aamaged by rain. 
Upon the condition of fanning manure much 
de|mt)ds. In rotten or fermented dung fertilising 
materials are more readily available to plants, 
although largely diminished in weight, this loss 
being due to oxidation and consequently to 
oombustion. Fermented dung, however, is me- 
chanically more useful than fresh or light 
dung containing abundance of straw, for the 
lighter soils, which it renders more compact, a 
remark which equally applies to heavy cow and 
pig dung ; moreover, as i hese soils are not 
retentive, some of the fertilising constituents of 


raw or unfermented dung are quickly washed into 
the subsoil or the drains before they have been 
taken up by plants. On the other hand, unfer- 
mented dung, in which the litter is whole, 
improves the texture of the heavier soils, which 
it heats as it decomposes, while its fertilising 
properties are not wasted owing to the retentive 
power of soils of this character. Bearing those 
remarks in mind, it should nevertheless be under- 
si ood by the student of farming that, while 
there is always loss as between the production of 
dung, solid and liquid, by stock, and its being 
covered by the plough, the loss is immensely 
smaller where it is taken into the field in quite 
fresh condition, the urine being absorbed by the 
solids and the litter, and still further that the 
results art? inferior where the solid manure is used 
without the liquid. 

There are many opinions as to the quantity 
of manure produced by animals. Much depends 
upon their weight, the food and water they con- 
sume. and, where litter is employed, upon the 
quantity supplied to them, but observations 
which have been made point to the production 
of from H to 10 tons, including litter under 
cover during the wrinter season of six to seven 
months. 

Fertilising Materials. This may be 
estimated in the following way, it being first 
understood that the weight of the chief fertilising 
materials — nitrogen, phosphoric acid, and potash 
— present in a ton depends altogether upon, the 
quality of the food consumed by the stock 
producing it, upon its condition, whether fresh 
or rotten, and the manner in which it has been 
preservt?d. Thus there may be from 9 to 151b. 
each of nitrogen and potash, and from 4 to 10 !b. 
of phosphoric acid. If, therefore, w*e take a 
sample containing 0*4 per cent, of nitrogen, 
0*2 per cent of phosphoric acid, and 0*45 per 
cent, of potash, and value the nitrogen at fid. a 
pound, the phosphoric acid at 2Jd. t and the 
potash at 1 |d., we arrive at a total value of 
about 7s. Id. 

To this, however, something should be added 
to represent the value of the mechanical action 
of dung, which we believe has never yet been 
estimated ; but if we place this as low as 2s. fid., 
we get a total of 9 s. 7d., which represents a ton 
of farm manure of auite moderate quality, 
although it is commonly sold by villagers and 
others to farmers at as little as 5s. A first- 
rate sample of dung valued in the same way 
would be worth some shillings more ; hence our 
desire to impress upon the reader the immense 
importance of care m the management of what, 
after all, is one of the most valuable properties 
of the farm. In daily practice a student will 
find that this value is largely ignored, that 
dung on the majority of homesteads is exposed 
to the rain, and consequently to partial 
destruction. 


To be continued 
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THE ARCHITECTURE OF THE BODY 
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Repair and Decay. Uses of Food. How Temperature is regulated 


By Dr. A. T. SCHOFIELD 


The Tissues of the Body. We shall 
not hero enter into a minute description of 
all the eight tissues, of which, as we have 
seen, the body is made up, because 

three of them, the muscular, nertxms , _ 

epithelial , or */bw, will be treated later. ^ 'rlf 
Of the remaining five, we shall examine 
the two most important, the carti- 
laginous and bony, first, mid then 
briefly notice the adipose, or fat, the 
fibrous , and connective tissues. 

Cartilage forms the models of all 
the bones in the feet us, or infant 
before birth (except the flat bones, 
which are made from thick mem- 
brane), and is the precursor of 
bone. It also persists through 
life in some parts to supply a 
smooth surface in joints to form 
tubes and to provide a yielding 
framework when required, as in 
the front of the chest. Cartilage 
is composed of cells, imbedded in 
a large amount of intercellular 
substance, that multiply by fission 
within the cell- wall, or capsule, 
which eventually forms the inter- 
cellular substance. It is generally 
covered with a membrane called 
perichondrium. It contains no 
nerves , and is of three varieties — 
hyaline , white fibrous , and yellow 
elastic cartilage. 

Hyaline cartilage [16] has an 
intercellular substance or matrix 
like ground glass, which really 
consists of layers of laminae , 
like those of an onion, round 
the cells. It contains no blood- 
vessels, and is principally found 
in joints, and in the ribs and 
nasal cartilages. 

White fibrous cartilago 
has an intercellular substance 
or matrix of white fibres 
arranged in layers. It is found 
in a cartilage in the knee-joint, 
between the vertebra in the 
back. and in a few other places. 

Yellow elastic cartilage has 
a matrix of yellow elastic 
fibres, and is found in the ex* 
terns! ear, the epiglottis at the 
back of the tongue, and in the 
eostachiaa tubes, that lead from 
the throat to the ear [17]. 

Boom. Bones [181 form 
the framework of the body, and 


16. CARTILAGE 
CORPUSCLES 
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are hard, tough, and elastic. They are twice as 
strong as oak ; one inch of compact bone will 
support 5000 lb. weight. They are a compound 
of two-thirds earthy material, prin- 
eipally phosphate of lime, and one- 
third animal, prineipally gelatine. 
They contain also a little car Inmate 
and fluorido of lime, and phosphate of 
magnesium. These are so intimately 
blended that all the lime can lie dis- 
solved out by weak hydrochloric acid, 
and yet leave the Imne the same 
shape, but flexible ; or the gelatine 
can be removed by boiling with the 
same result as to shape, only the 
bone becomes brittle. 

The animal matter is in excess 
in the bones of the young, making 
them tougher ; ana the mineral 
in those of the old, making them 
more brittle. One cannot really 
break a baby’s bones, which an* 
like leather ; whereas an old 
person’s thigh-bone may snap 
right in two, from a fall on a 
oarpet. Bone is of different 
qualities— ivory, or dentine , compact 
tissue, and cancellous tissue, or 
spongy bone. We get dentine in 




through the EPioi/)TTiS the teeth, compact bone in the 
a. Perichondrium shafts of the long bones, and 

^ 1 cancellous tissue in their ends, 

ueiia Cancellous tissue is like pumice- 

stone, only the lattice work is 
beautifully arranged in regular 
Gothic arches, so as to summit 
the greatest pressure with the 
smallest weight. One cubic 
inch, weighing a drachm, can 
support 500 lb. Flat bones 
have an exterior of compact 
tissue, and a layer of cancellous 
tissue inside. 

Construction of Bono. 

Under the microscope [20] bone 
is found to consist of vertical 
bundles of scaly plates, with 
spaces between called lacuna, 
connected together by tiny 
canals called canaliculi , 
inch in diameter, and sur- 
rounding oentral ducts called 
Haversian canals , which branch 
and are connected with each 
other. In the lacunas are large 
branched oells called bone 
corpuscles, the only really 
active living parts. They 
485 
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never move, but spend their lives in nourishing the 
bone surrounding them. Round the bundles [191 
of bony scales surrounding each Haversian canal 



19. TRANSVERSE SECTION OF BONE 
Showing laminar, lacuna, ami caitai 

are other layers, binding, as it were, all together 
into the complete bone. These scales are all 
impregnated with lime salts. Bone is a substance 
formed out of cartilage in the 
following way: In the child 
before birth there is at first 

no lame, but models of every • 

bone are formed in cartilage, 
which changes into osseous ^ 
tissue. In the cartilage of the ' 

limits, for instance, lime salts * - * ^ , 

begin to form in the shaft, , J — 

and at each end, until each 
of these three parts is 
changed into bone, tho only 
cartilage left being a disc 
between the shaft and each 
end [21]. 

Let us notice the reason 
for this arrangement, in tho 
growing child and look at the difference between 
the shin-lame of a child and an adult [22]. 
While this bone is growing it is actively used 
all the time at the joints, as the child moves 
about. The part here must necessarily lie hard, 
and the bone cannot therefore grow at the ends. 
It is consequently made in three pieces, and con- 
tinues to grow 'just where the cartilage rings 
are till eighteen or twenty ; then the cartilage 
disappears, and all three parts unite in one, and 
the length of the bone is finally fixed. Many 
bones are in more than three pieces in childhood. 
Take the bones of the spine, for instance [22]. 
Here we see that no fewer than six pieces are 
fused into one at manhood. This will explain 
how carefully a mowing child should be handled, 
and how straight the spinal column should be 
kept, when it is built up of over 200 pieces 
instead of 26 solid bones. 

Flat bones like the shoulder-blades and the 
bones of the skull are formed of tough membrane 
instead of cartilage, and in it the lime salts 
grow in the same way. 

06 



20. LONGITUDINAL SECTION OF BONE 
a. Uavereiftti or bout* canals 
6. Bone corpuscle* 


Sliipi and tlse of Bones. Bones are 

hollow to make them lighter and stronger. 
In birds they are filled with warm air, 
which in the swift swallow enters even 
the small bones of the toes. The tubular 
construction, with its resultant strength, is 
common throughout nature. When Galileo, 
the great astronomer, was a prisoner in the 
Spanish Inquisition, accused of infidelity, he 
picked up a hollow straw from his dungeon 
floor and said, “ If there were nothing else 
in Nature to show me the existence of a God, 
this would suffice.” The interior of the bones 
in man is filled with marrow, except in the air- 
cells of the frontal bone and some bones of the 
face. Red marrow is found in cancellous tissue, 
and contains large numbers of lymph corpuscles 
and blood corpuscles. This marrow is probably 
one of the sources of the blood eorpuscles. 
Yellow marrow (mostly fat) fills the shafts of 
long bones. 

Bones are of many sizes and shapes, but may 
roughly be divided into four varieties: 

1. Long Bones. These are chiefly found in 
the liml)H and ribs. They form long levers by 
which the arms and legs are moved. They con- 
sist of a middlo part or shaft and ends or 
extremities, covered with cartilage, tho bones 
themselves being covered with 
fibrous tissue, which forms a 
tough skin {periosteum) over 
them. The snaft is generally 
hollow, and contains the blood- 
vessels, and some fat called 
marrow. 

2. Short Bones. These 
are found in the w’rist and 
ankle, and wherever great 
strength is wanted in a joint. 

3. Flat Bones. These are 
like plates, flat or rounded, 
and are used to protect parts. 
They are formed of tw o hard 
outer layers, with light 
spongy tissue between. The 
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skull and the shoulder-blades are made of fiat 
bones. 

4. Irregular Bones. These include all 
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21. diagram of adult and growing bone 

the bones of no particular shape, such as 
the vertebm of the baokbone. and some 
others. 



PHYSIOLOGY AMD HKALTH 


Other Kinds of Tissue. Adipose or 
fat* tissue exists all over the body between 
the muscles and the skin, as a protective 
covering, and a retainer of heat, 
fat being, like the felt covering a 
boiler, a non-conductor of heat. It 
is also used internally as packing 
round various organs. It is formed 
of loose fibrous tissue full of cells, 
containing globules of oil. No tissue 
in the body varies so much in quan- yV 


consider the daily gain and fas# of the body* and 
thus be prepared to commence the study of 
Physiology proper, to which these first two 
sections form an introduction, and 

f which consists of a detailed descrip- 
tion of the vital processes of the 
various systems of the l>ody. 

Repair and Decay. Lot us 
then glance first at the great question 
of Metabolism. Life has l>een shown 
to bo a condition of incessant change, 
dependent on the two opposite prin- 
ciples of repair and decay . 

One twenty-fourth part of tho body 
(more or less) wastes every day, anti 
this has to bo mado good. To effect 
this, wo have to take in fresh 
material at the rate of about a ton a 
year. Life has been happily said to 
be a condit ion of dynamic equilibrium* 
never absolutely balanced, how r evor, 
but ever oscillating to one side or the 
other. Wo are never exactly the same 
weight for two minutes togethor. 
s tibia It a person could bo placed upon 


in the body varies so much in quan- yy H to bo a condition of incessant change, 

tity at different times. f j| dependent on the two opposite prin- 

Fibrous tissue is made up of strong | ciples of repair and decay . 

fibres with a few cells, and forms the | One twenty-fourth part of tho body 

tendons and ligaments, and all the j I (more or less) wastes every day, anci 

strong bands of the body; whether 1 I this has to bo made good. To effect 

attached to muscles, surrounding J\ I this, wo have to take in fresh 

joints, or binding the various bones £3 1 material at the rate of about a ton a 

together [24J. * M year. Life has been happily said to 

Connective tissue is absolutely H /M be a condition of dynamic equilibrium* 

everywhere, and connects all the //JL never absolutely balanced, how r ever, 

other structures and tissues together but ever oscillating to one side or the 

by masses of loose fibres with other. Wo are never exactly the same 

scattered cells. 22. weight for two minutes togethor. 

As the intercellular substance is a. child’s tibia It a person could bo placed upon 

the cement between cells that form 6. adult’s tibia a scale, accurately balanced with his 

each tissue (cartilage, bone, etc.), so weight, at tt a.ra., and carry on his 

the connective tissue is the , day’s routine in that position 

mortar for the whole body, /jUiK ho would find while lying in 

that forms all the structures .^ijf lied the scale was very slowly 

and tissues into a solid r ‘ g ‘ n 8* a« he got very gradu- 

building. fj ally lighter, from the slow 

Chemical Construe* mm. flM Ul wasting of the tissues. When 

tlon of the Body. Let y he began to dress ho would 

us emphasise, even at tho ™*~3&/Pl rcASir,c hnd himself ascending in the 

risk of going over old ground, ** a * r niore quickly, presuming, 

the great fact that life con- X i/d'l -f A* of course, that his clothes are 

sists of J Metabolism, in other - _v~tzlc, - z - *■ not weighed, the destruction 

words of incessant change ; * of the body being much more 

and trace roughly tho pro- rapid with any exertion. At 

cess by which tho change is 28. diagram of two vf.ktebrjc from breakfast the scale would 




a scale, accurately balanced with his 
weight, at (\ a.ra., and carry on his 
day’s routine in that position 
ho would find while lying in 
bed the scale was very slowly 
rising, as he got very gradu- 
14 ally lighter, from the slow 

wasting of the tissues. When 
j he began to dress ho would 

fjCCASrtc find himself ascending in the 
4 * PAp air more quickly, presuming, 
of course, that his clothes are 
S% not weighed, the destruction 

of the body being much more 
rapid with any exertion. At 


effected. Then we shall ana- 
lyse the body and resolve it 
into its several constituents, 
noticing the remarkable fact 
that the food of the body, 
which is considered in its 
proper place in the section 
on Health, exactly corre- 
sponds with the analysis of 
the materials of the body, 1 
showing thereby how en- ® 
tirely it meets its needs. 

W© shall then discuss 
the means by which the 
body heat is manufactured 
and maintained ; and bo 
- grasp the fact of the enor- ( 
metis force required to 
warm a man of some 
150 lb. weight to a con- 
stant heat of nearly 
100° F., whatever the ex- 
ternal temperature may 


THE MIDDLE OF A CHILD S SPINE 

They are separated by an elastic pad, and 
each U in six parts ; the upper ami lower 
plates being formed of soft cartilage. 
After twenty-five each vertebra is one 
solid hone 



suddenly descend from the 
food taken, to far below it* 
level at (5 a.m. Then, till 
lunch, if in active business 
with brain or manual work, 
he would rise steadily from 
the loss of weight. At 
lunch the descending 
movement would be re- 
peated, and thus the daily 
round would go on. 

The whole of these 
changes that take place in 
the living body are in- 
cluded in the one word, 
Metabolism ; which in- 
cludes not only the wear 
and tear of life, the de- 
struction or Kataboli$m f 
and repair or Anabolism* 
of all living tissue, but 
also the processes produc- 
ing the manifestation of 


be: a force that run. to **• «nn er nnui or imotnwi living force and energy 
nearly 3000 foot-tons (or from the omkctum of rat neceeeary to ita storage 

*“V *, f00t h W| expenditure. Animal 

par day. Lastly, we shall d. plum* o»iu force and energy are 


necessary to its storage 
and expenditure. Animal 
force and energy are 
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evolved by the reduction of complex substance* 
to simple. 

A complex substance, such as meat, is built 
up of large numbers of molecules like a tower 
of bricks. Of course, force or energy has been 
required to do this. As this substance is reduced 
to simple bodies, containing fewer molecules, 
such as urea, carbonic acid , and water , the force 
stored up in the moat as potential energy becomes 
manifested and used as kinetic energy, or active 
life force. 

Life a Twofold Process. The vholc 
process of life is, therefore, twofold ; th ? one 
consisting in the reception, assimilation, meta- 
bolism, and excretion of matter, or the vegetative 
function ; the other in the animal functions , or 
the direction of the energy thus set free by 
means of tho will, nerves, and muscles to the 
purposes of life. 

Food is, therefore, required for two great 
purposes : ( 1 ) to repair the tissues of tho body, 
and (2) to be stored as potential force for future 
use. In regard to food, we have to consider 
both quality an 1 quantity. It m ist be suitable 
and it must bo sufficient. To be suitable for 


repair, it must bo homologous, i.e. of tho same 
nature as that which has to be made good. If 
of a different nature it is heterologous, and is a 
poison or medicine, not a food. Wo will, there- 
fore proceed first to examine the composition of 
the human body. 

The Composition of the ffuman 
Body. Tho human body contains one fourth 
of ail the known elements (17 out of 07). Chief 
among them in importance and quantity are the 
four non-mctollie elements: oxygen , carbon , 
hydrogen , and nitrogen ; and the three metals, 
calcium, sodium , and potassium . The following 
is a rough analysis of the body t 


Oxygon [O] 

Carbon [CJ * 

Hydrogen [H] 

Nitrogen [N] 

Calcium [Ca] 

Phosphorus [P] and Sulphur [S] 
Sodium [Na], Potassium [K], 
Chlorine [Cl], Iron [Fe], Mag- 
nesium [Mg], Silicon [Si]. 
Traces only of Lead [Pb], Cop- 
per [Cu], and Aluminium [Al] 


72*0 

13-5 

9*0 

2 * 

13 

1*2 


*5 


1000 

It will thus be seen that the metals form lees 
than 2 per cent. Of the whole body. 

In round numbers we may say the body is 
t O. | C, tVt H, Ar N. Its average weight is 
1501b., of whioh 1131b. are water, and 37 lb. 
solids, made up as follows : Muscles, 17 lb. ; 
fat, 6 lb. ; food in blood, 4 lb. ; bones, 10 lb. 

A more graphic way of considering the com- 
position of the body is to compare its contents 
and their quantities to well-known articles of 
food, or commerce. This has been done in 
many ways. For instance, it is computed that 
a woman » body is equal in composition and 
amount to 1000 eggs. 

She is composed of gases, liquids, and solids. 
Of oxygen there is enough to fill 200 30-gallon 
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barrels ; of nitrogen 44 lb. ; of hydrogen, 
en >ugb to fill a balloon capable of lifting the 
woman over 2000 feet ; of carbon 21 4 lb., or 
enough to make 9000 lead pencils ; of iron there 
are 48 grains, enough to make five tacks ; of 
salt enough to fill six saltcellars ; of phosphorus, 
3| lb., enough to make 8000 boxes of matches ; 
of water there is enough to fill a 9 gallon barrel. 

Substances of the Body. Leaving 
these fantastic ideas, we must remember that 
the various substances of the body do not occur 
often as elements, but chiefly as compounds, 
which are generally of great complexity. The 
following are the chief of these : 

1. INORGANIC LIQUIDS, water. This 
forms two-thirds by weight of the whole body. 
The fluids of the body contain from 80 to 99 
per cent. The solids vary from the enamel 
with 2 per cent, to the kidneyB with 82 per cent. 
Skin, hair, muscle, are all three-fourths water ; 
bone and cartilage, one-half ; and fat about a 
quarter. 

Acid. Hydrochloric in the grstric juice. 

2. INORGANIC GASES. These include 
chiefly O, H N. and CO*. 

Oxygen [O]. This gas is essential to all 
vegetable and animal life. It is the only 
element directly used in the body — to the extent 
of 7000 grains daily, which represents also, of 
course, the daily loss. 

Hydrogen [H]. This gas, by its combination 
in the body with O, forms water. It also enters 
into nearly every organic compound. 

Nitrogen [N\ This gas is found in the body 
in its free state, merely as a diluent of oxygen ; 
though in combination it is an integral part of 
every tissue. The daily quantity lost by the 
body is 300 grains. 

Carbonic Dioxide, or Carbonic Acid Gas 
[CO*]. This is formed in the body by the com- 
bination of O with carbon. 

Carbon itself is also a most important part 
of organic compounds ; 5000 grains a day are 
used, and it enters into nearly every part of 
the body. 

3. INORGANIC SOLIDS, salts. Chiefly 
chlorides of sodium, and potassium, and phos- 
phates of calcium, and sodium. Sodium chloride 
(common salt) is the most important of these. 
It occurs everywhere, and is absolutely necessary 
for existence. 

Calcium Phosphate is the most abundant 
•alt, and forms half of the bones. 

Organic Bod lea. These may be divided 
into two great classes, nitrogenous and non- 
nitrogenous. The first consists mainly of Albu- 
men (proteid), the latter of starches, sugars, and 
fats. 

1. NITROGENOUS COMPOUNDS. These 
aD contain C, 0, H, N, and S (sulphur). They 
include albumen of all sorts (like the white of egg) 
found in all cells, forming the bases of proto- 
plasm ; in the blood and lymph, in muscle and 
nerve, in cartilage and bone, and in the skin. 

Secretions. These include the constituents 
of bile (glycocholic and taurocholic adds), bQe 
pigments, and all the ferments, and digestive 
fluids erf the body that contain nitrogen. 
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Excretions. These are the effete products 
of the body, and include urea, uric acid. leucin, 
tyrosin, etc., passed by kidneys and bowels. 

2. NON • NITROGENOUS COMPOUNDS. 
These are divided into the two great classes of 
Carbohydrates and fats and oils, or Hydrocarbon # , 

Carbohydrates. These bodies all contain 
carbon, also hydrogen and oxygen in the pro- 
portion to form water, and include animal 
starches, such as glycogen in the liver and 
dextrin in muscle ; also sugars found in the 
liver, blood, muscles, etc. 

Hydrocarbons, or fats and oils. Th<*ac 
contain carbon, and hydrogen and oxygen, but 
not in the proportion to form water. They art* 
found in all body fat, in bile. etc. 

A close comparison of this list of the con- 
stituents of the body with that of foodstuffs in 
the section on Health will show how sur- 
prisingly they resemble each other. The food 
taken is exactly adapted in detail to the waste 1 
of the body, and tnat so largely by instinct, 
that few have any idea why certain articles are 
food and others are not, and why they are eaten 
in certain proportions. A comparison of these 
tw'o sections will give the key. 

The Heat of the Body. The heat of 
the body is maintained by chemical reactions ; 
mainly by the combustion of O with the pro- 
duction of CO a and water. It is a form of 
energy, and is produced by the vibration of the 
molecules. The ultimate source of it is the 
food, and oxygen taken into the liodv ; and the 
cause of it is the metabolism or vital* changes of 
the body. The amount of it depends upon the 
amount of these changes. The repair, building 
up. or anabolism of the tissue is, however, 
believed rather to absorb heat than to evolve it. 
It is in the decay, oxidation, or katabolism of the 
tissue that heat is principally evolved. It is 
found, indeed, by direct experiments that the 
amount of C and H that unite in the body in 
twenty-four hours with O is sufficient to main- 
tain the body temperature for a day. The 
energy stored in the food of the body could l>e 
truly described as latent heat, were all of it 
used in the production of heat. Nevertheless, 
though some of it produces mechanical and 
electrical energy, it is convenient to measure 
its fiotential forces under the head of heat units. 

Heat Unit*. A heat unit is the force that 
raises one pound of water 1° F., and corresponds 
in mechanical energy with 772 work units (a 
work unit being 1 lb. raised one foot high). In 
other words, it requires 772 times as much 
force to raise 1 lb. water 1° F. as it does to 
raise 1 lb. one foot high. The amount of heat 
units in any food is found by burning it in a 
closed chamber, surrounded with a fixed quantity 
of water ; which in its turn is in a chamber, 
isolated by non-conducting substances and cold 
water, from any external heat. The heat 
evolved passes by means of a coiled lead tube 
through the water, and the increase of its tem- 
perature, ascertained by delicate thermometers, 
multiplied by the volume of water, readily gives 
the number of heat units. A living animal can 
be placed innde the chamber instead of food. 


and the heat it gives off, passed through the 
water in like manner, show* the number of heat 
units it evolves. 

It is thus found that 52 parts of fat contain 
as many heat units as 100 of albumen, or proteid, 
114 of starch, or 130 of sugar. 'Hie reason that 
fat gives so much more heat than starch or 
sugar, is. as 1 have said, that in the latter the 
H and 0 are in the proportions to form water, 
so that the C alone is burnt ; whereas in fat 
there is alw'ays a great exct*ss of H, so that 
both (’ and H oxidise, and an* soun*es of heat. 
Some heat, no doubt, enters the body through 
hot drinks. 

The places where most heat is produced an* the 
muscles, the secreting glands and organs and the 
brain. The muscles form altout one half of the 
body, and the U>nes nearly the other half. The 
latter product* but little heat, whereas the former 
an* the greatest thermogenic (i.e. heat -producing) 
centres in tin* l>ody. Muscle-work forms alnnit 
one-fifth of all the work done in the body, and 
nine-tenths of it is produced in the form of 
heat units, and only one-tenth in mechanical 
energy. The heart must Ik? included with the 
muscles as a thermogenic centre. 

The secreting glands, such os the liver, produce 
heat. With salivary glands, the blood leaving 
them is a degree hotter when they act than 
when they art* passive. In the liver of the dog 
the temperature is often 10/V\ 

The brain, by its active metabolism, is also 
a source of heat. 

Other small sources of heat are the concussion 
of joints, the friction of muscles, blood, the 
formation of salts, and other chemical changes. 

Warm and Cold-blooded Animals. 
Warm and cold-blooded animals have lately been 
called hfmunoihermal , or of uniform heat, and 
poikilothrrmal , or of varying heat ; because? the 
real difference between them is that the blood 
in a warm-blooded animal remains the same, 
notwithstanding variations in surrounding tem- 
perature ; while the blood in the CH>lrf- blooded 
animal varies with the surrounding medium. 

Of warm-blooded animals (mammals and 
birds), man has a temfierature of 99' K. (98 “(I in 
the armpit) ; the average temperature of the 
mammalia being 101 0 F. In birds the average 
temperature is 107° F. Amongst cold-blooded 
animals many vary but slightly with the sur- 
rounding temperature. Snakes average 82' F. ; 
in cold weather they arc* hotter, and in hot, 
colder than the air. Fish are often one or two 
degrees wanner than the water. The frog is 
generally about half a degree warmer than the 
water. 

In warm-blooded animals the metabolism and 
the consumption of oxygen increase in cold 
weather and decrease in hot ; whereas in cold- 
blooded animals the metabolism and the con- 
sumption of oxygen decrease in cold weather 
and increase in hot. 

This shows that there is some regulating 
centre that governs the production of beat. 
That this centre is nervous is shown by the fact 
that after poisoning with curari— a nerve 
poison — this regulating power is lost, and the 
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’warm-blooded animal behaves like a cold- 
blooded one. Though the blood can complete 
the circuit oi the body in twenty-three seconds, 
the temperature varies as follows : 

On the skin from 72*6 F. at the tip of nose 
and ear to 98*6° F. in closed axilla ; the average 
being about 92 to 94° F. The skin is observed 
to bo warmer over muscles than over bone. 

In the rectum the temperature is 100°. In 
the blood it is 102' F., in the brain 104° F., 
in the liver and heart 106° F. 

Muscles and glands increase in heat one degree 
during action, and the brain about half a degree. 

Conditions Governing Heat. The 
principal conditions affecting the mean temj>era- 
turo of the body are age, sex, period of day, 
exercises season, food, poisons and disease. 

Age. In the newly-born the temperature is 
one degree above normal, also in the very aged ; 
but in these, the governing centres being feeble, 
exposure soon lowers it to a dangerous degree. 

Infants and children are much subject to 
feverish attacks, owing to the activity of their 
metalsilism. and the imperfect development of 
the regulating centre. From 28 to 05, this 
centre being fully developed, the temperature of 
the body is kept more uniform ; while in old age 
variation from slight causes again occurs readily. 

Sex. In woman the temperature is higher 
than in man. 

Period. The temperature rises during the 
day and falls during the night, being highest at 
0 p.m. (99*8° F.) and lowest at 2 a.m. (97*0° F.), 
at which hour most deaths occur. 

Exercise. Active exercise will increase the 
temperature from one degree to two degrees 
Fahrenheit. 

Season. In summer the temperature some- 
times temporarily rises to three degrees higher 
than in winter. Climates varying 100° F. have 
no permanent effect on body temperature. 

FW>d. There is a very slight rise after food ; 
a fall of one degree after taking cold alcohol ; and 
a temporary rise of live degrees after taking hot 
aloohol, with a subsequent fall. 

Poisons. Alcohol, quinine, aconite, etc., 
decrease temperature ; strychnine raises it. 

Diseases. In diseases the temperature varies 
from 77° F. in Asiatic cholera to 107° F. in 
pneumonia. After death the temperature rises 
for a short time, especially at the onset of rigor 
mortis. 

Nature's Economy. The heat of the 
body may be regulated by altering the amount 
lost or produced. In the body this is done in 
various ways, the process being governed by a 
nervous centre. Body heat is diminished by the 
skin, lungs, urine, cold food, oold alcohol, and 
air. By the skin about 75 per cent, is lost ; by 
the lungs 20 per cent. ; by urine, etc., 3 per 
cent. ; Mid about 2 per cent* in other ways. 

Heat is lost from the skin by conduction, 
radiation, and evaporation. Besides the central 
regulating power, the akin has a power by 
reflex action. A hot atmosphere acts on the 
sensory nerves, and by the vaso-motor nerves 
dilate* the surfaoe capillaries and reduces the 
heat by evaporation. A cold atmosphere, on 
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the other hand, closes the capillaries and retains 
the heat in the body. Thus external heat and 
cold, through the wondrous economy of Nature, 
defeat their own ends. 

There appears to be in the action of the skin 
a balance between radiation and evaporation that 
tends to assimilate the loss in winter and summer. 
In cold weather much heat is lost by radiation, 
little by evaporation, the capillaries being con- 
tracted. In hot weather much is lost by 
evaporation and little by radiation, the tempera- 
ture being so high. 

The loss of heat from the skin can be largely 
regulated by clothing ; wool, being a bad con- 
ductor, is obviously the best covering for the 
skin. A naked man is said to be unable to 
maintain his normal heat when the temperature 
is below 81 F. 

The loss of heat by the lungs is fairly con- 
stant, as, unlike the skin, they have no power 
of reflex action. The loss does not, moreover, 
vary with the surrounding temperature, and but 
little w'ith exercise. 

Regulation of Heat * production. 

The production of heat can be regulated by 
food, exercise, and nenvus influence. Amongst 
foods, fat, as we have seen, gives the most heat. 
In paralysis, the affected part loses heat. In 
nervous excitement heat is increased, in nervous 
depression it is diminished. In exercise the 
increased heat is largely counterbalanced by the 
increased loss. The shivering from cold helps to 
warm the body. It is calculated that a man 
produces nearly tw r o heat units per minute ; 
that is a force able to lift nearly three-quarters of 
a ton one foot high. I have already spoken of 
a heat-governing centre. This proliably controls 
the heat -producing and heat -losing centres. 
Nothing is known of the details of the action 
of these centres. Great extremes of dry heat 
can be borne for a short time owing to the 
power of evaporation possessed by the skin ; 
thus 260° has been borne for eight minutes, 
while Ohabot, the fire king, entered an oven at 
500° F. At the same time, if the heat is moist 
evaporation is prevented, the air being already 
saturated, and 112° F. cannot be endured. 

Death from too great heat appears to arise 
from too rapid and exhaustive metabolism ; that 
from cold from too slow and diminished meta- 
bolism ; death in the latter coming with torpor 
and sleep. 

Tbe Balance • sheet of the Body. 

Now turn to consider the interesting question 
of the daily gain and loss of the body ; in other 
words, to present its balance-sheet. 

The body loses daily 2$ lb. of solids and gases 
and 6 lb. of water. 

This loss is made up as follows : 

The lungs contribute 5,000 grains of H t O and 
15,000 of CO*. The skin contributes 11,500 H*0 
and 250 of solids and gases. The kidneys con- 
tribute 23,000 HgO, ana 1,100 solids. The intes- 
tines contribute 2,000 H,0 and 800 solids. 

Tbe body receives daily nearly 1) lb. (8,000 
grains) dry food, 5} lb. water (as liquid or com- 
bined with food), and 1 j lb. of oxygen gas. 

It will be observed that half a pound leas 
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water is taken in daily than is given out. The 
difference is made up by combustion in the 
body. Nearly the same amount of nitrogen 
that is taken in is excreted as urea. 

This daily amount of gain and loss may be 
regarded as income and expenditure ; while 
the weight of the body partly represents the 
capital. 

Observe that the body receives a solid (food), 
a liquid (water), and a gas (oxygen). It excretes 
a solid (urea and excreta) by intestines and 
kidneys, a liquid (water) by intestines and 
kidneys, a liquid (water) by kidneys and skin, 
and a gas (carbonic acid) by the lungs. 

The amount of food taken represents about 
3400 foot-tons (tons raised one foot high) of 
force, and of this nine-tenths, or 3000 foot -tons 
(a force equal to lifting a man 8$ miles high), are 
used in maintaining the heat of the lx>dy. and 
the remaining 340 foot-tons in the active func- 
tions of life, whether in storing force by its 
physiological processes or spending it by its 
nervous or mechanical energy. 

Now let us consider the chemical analysis of 
the 8J lb. that are lost daily. This amount may 
be divided into 1 lb. solid. 1} lb. gas, and 01b. 
water. The water and gas need no analysis. 
The solids contain 4500 grains of 0, 300 grains 
of N, or the general proportion of 15 parts of 
C to 1 of N. The quantities of hydrogen and 
oxygen in the solids an* of no moment, as they can 
be supplied by air and water to any amount 
free ot all cost. 

If these two elements, 0 and N, could, there- 
fore, in their uncombined state, Ik* used as food, 
the problem of diet would be solved ; but, 
unfortunately, animals cannot feed on 0 or N 
as elements, and we have, therefore, to find that 
food that will supply the right quantity of these 
elements with the least waste. This problem is 
solved in the section on Health. 

The Body a Steam Engine. It may 
be profitable in various ways to compare the 
vital action of the body with a steam engine. 

Three pounds of coal, costing one penny, w ill, 
properly burnt, raise one ton half a mile high 
and boil 22 quarts of water. 

Three pounds of food, costing one shilling, will 
raise one ton half a mile high, or carry the 


body, with a weight of 85 lb. on it, 20 miles in 
seven hours, besides warming and repairing the 
body. (>r. 

Three pounds of food, costing one shilling, will 
repair the body, boil 22 quarts of water, and 
raise one ton half a mile high. 

The outcome of all this is that the body is 
about twelve times as expensive to work as a 
locomotive. Of course, food varies in the 
amount of force it gives out. Theoretically. 
100 lb. of fat gives the same foroo as 213 of 
proteids, or 202 of starch or Bugar. 

We must remember, moreover, that for every 
foot -ton (one ton raised one foot) done in 
mechanical work (motion, locomotion, etc.), nine 
foot -tons art* used in maintaining the body hoat, 
and other processes. 

The amount of air food required varies, of 
course, enormously. For instance, in a state of 
rest 480 cubic inches of air are breathed per 
minute ; if walking thn*e miles an hour, 1550 ; 
if running six miles an hour, 3200. So delicate 
is the automatic supply of air food, that there is 
a difference in the rate of respiration between 
travelling third and first class, and between 
sitting up and lying down. 

The average man requires, to replace the waste 
of the body, 307 grains of nitrogen and 4700 of 
carlion daily, besides oxygen and hydrogen 
(unlimited) — i.e. about tho same that wo have 
seen is lost. The following are actual amounts 
used daily in four different sorts of work : 

Nitrogen Carbon 

drain* drains 

London needlewoman .. 135 3270 

„ navvy 350 .. 6200 

Prisoner, light work 226 .. 4356 

„ hard lalnmr . . 263 . . 5013 

Weston, the pedestrian, used 545 grains 6f 
nitrogen and 7880 of carbon to produce 700 
mechanical foot-tons of force which he spent in 
walking 50 miles a day. 

Note. On page 06 the figure 06| on fourth 
line from bottom of the right -band column 
should be 98 J. In the Short Dictionary of 
Physiological Terms on page 102 (which was 
compiled independently of Dr. Schofield’s 
course) the word “inner” in the definition of 
Fibula should be “outer.” 


To be continued 
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Section I. (rlt AM MAR. 

Nouns : Third Declension. The Third 
Declension has two divisions: (a) Consonant 
stems ; (6) i stems. 

Roughly speaking. the nouns in the first divi- 
sion have mom syllables in their genitive singular 
than in the nominative singular (Imparisyllabic), 
while those in the second have the same number 
of syllables in the genitive singular os in the 
nominative singular (Parisyllabic). 

Consonant Stems: Masculine and Feminine. 


-t Stems. 
Singular. 



Haft, 

Temple, 

Art , 

Tooth , 

8hower , 


f. 

f. 

f. 

m. 

m. 

N. V. 

ratis 

aedos 

ars 

dens 

imber 

Arc. 

rat cm 

aedem 

artem 

dentem 

imbrem 

Qen. 

ratis 

aedis 

art is 

den is 

irabris 

Dot. 

rati 

aedi 

arti 

den i 

imbri 

AU. 

rate 

aede 

arte 

dente 

imbre 



Plural. 



AM\i4. rates 

aedes 

artes 

dentes 

imbres 

Qen. 

ratium aedium 

artium d'*n 4 ium imbrium 


Singular. 

Judge, m Man, in. Age, f. Lion, m. Fool, m. 
N. V. judex homo act as leo pen — 

Arc, judie- homin- aetat- leon- pcnl- km 

Om, judie- homin- aetat- leon- ped- is 

Dit. judie- homin- aetat- leon- ped- I 

AH. judie- homin- aetat- leon- ped* E 

Plural. 

N. V.A. judie- homin* aetat- leon- ped- K8 

Gm. judie- homin- net at- ham- ped- UM 

D.Abl. judie- homin- aetat- Icon- ped- ibus 


Singular . 



Father, Lau\ 

Honour, 

Cinder, 

Swine, 


m. f. 

m. 

m. 

com. 

N. V. 

pater lex 

lumoa 

cinis 

sus — 

Ace. 

patr- leg- 

honor- 

ciner- 

su- KM 

Qen. 

pat r- leg- 

honor- 

cinor- 

su- IS 

Dot. 

patr- leg- 

honor- 

ciner- 

SU- I 

Abl. 

l»atr- leg- 

honor* 

oiner- 

SU- B 



Plural. 



N. F.^.patr- leg- 

honor- 

cinor- 

SU- ES 

Qtn. 

patr- leg- 

honor- 

einer- 

SU- UM 

D.Abl, patr- log- 

honor- 

ciner- 

SU- IBUS 


Consonant Stems: Neuter. 

Singular. 

Grass. Wort Time. Hard wood. 

N. V. A . gramen opus tempus robur — 

Qtn. gram in- oper- tempor- robor- is 

Dal. gramin- oper- tempor- robor- i 

Abl. gramin- oper- tempor- robor- b 

Plural. 

N. V. A, gramin- oper- tempor- robor- a 

Gen* gramin- oper- tempor- robor- um 

D. AbL gramin- oper- tempor- robor- ibus 

Similarly with other neuter nouns: caput, 
capitis (head); crus t cruris (leg) ; fulgur, fulguris 
(lightning); cadaver, eadavaris (oorpse), etc 


D. Abl. rn’ibuN aedibus artibus den 1 ibus imbribus 
(Note the -i in the genitive plural.) 


Singular. 



Fire , m. Animal, n. Hone, n. 

Sea, n. 

1 V. V. 

ignis 

animal 

os 

mare 

Acr. 

ignera 

animal 

os 

mare 

Qen. 

ignis 

animalis 

ossis 

maris 

Dat. 

igni 

animal! 

ossi 

mari 

Abl. 

igne or i 

animali 

ossc 

mari 



Plural. 



N. V . A. 

ignes 

ignium 

animalia 

ossa 

maria 

Qen. 

animalium 

ossium 

m&rium 

D. Abl. 

ignibus 

animal ibus 

ossi bus 

mari bus 


Note. -* nouns in -ans and ens often drop 
-» in genitive plural, e.g. parens, parent um. The 
accusative plural of -t nouns (mas. and fcm.) is 
often Bpelt as ending in *ii, e.g. dentis for dentes. 

Adjective* : Third Declension. All 
adjectives, exoept those in -us, -a, -um; and in 
-tr, -a, -um, follow the third declension. Thus, 


melior {better), similis (like), ingens (vast), audax 
{bM). 

Singular. 

M.F. N. M.F. N. 

N V . 

melior melius 

similis simile 

.doc. 

meliorem melius 

similem simile 

Qtn. 

melioris 

similis 

Dat. 

meliori 

simili 

Abl. 

mcliore or i 

Plural . 

simili 

N. V . A. 

me liores melior* 

similes similia 

Qen. 

meliorum 

simUium 

D. Abl . 

meliori bus 

simili bus 

Note. AU adjectives ending in -is make 
their ablative singular in -t. 

Singular . 

M. F. A\ M. F. N. 

N. F. 

ingens 

audax 

Ace. 

ingentem ingens 

audacem audax 

Qtn. 

ingen t is 

ahdacis 

Dat. 

ingenti 

audaci 

AbL 

ingente or i 

aodaei (rarely «) 
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Plural, 

M. F. N. M. F. N. 

N. V. A. ingerites ingen tia audaces audacin 

Gen . ingentium audaeinm 

D Abl . ingentibus audacibus 

N.B. Decline all present participles like 
ingens. 

Adjectives in -er of the third declension have 
three endings in nominative singular: e.g. celer, 
oeleris, celere (swift); ooer, acris, acre (keen). 
No other adjective is declined like celer. 

Singular. 

M. F . N. M. F. N. 

N. V. celer celeris oelere acor acris acre 

Arc. celerem celere acrem acre 

Gen. oeleris acris 

D. Abl . celeri acri 

Mural. 

M. F. N. M. F. N. 
N. V. A. celeres oeleria acres acria 

Gen. oelerium acrium 

D. Abl. celeribus acri bus 

Comparison of Adjoctives. The ad- 
jective has three degrees of comparison : the 
positive, the comparative, and the superlative, 
e.g., longue , long; longior , longer or too long; 
longissimus, longest or very long. 

The comparative is formed by changing the 
•i or -is of the genitive of the positive into -ior; 
and the superlative into -isstmtis. Thus: 
durus (hard) gen. duri durior duriasimus 
tristis (sad) gen. tristis tristior tristissimus 
audax (bold) gen. audacie audacior audacissiraus 

Exceptions. 

1. Adjectives in -er form the superlative by 
adding -rimse to the nominative (i.e. they 
double the -r and add -imus). e.g. : 

asper (rough) asperior asperrimus 

(So celer, miser, liber, pauper, tener, etc. ) 
pulcher (beautiful) pulcnrior pulcherrimus 

(So niger, piger, acer, ruber, vafer, etc.) 
vetus ( ancient ) has superlative veterrimus (no 
comparative). 

2. Six adjectives in -iUs double the -l and 
add - imus : 

simili n (like) similior simillimus 

So dissimilis (unlike), facilis (easy), difficilis 
(difficult), gracilis (slender), humilis (loudy). 

All the others in -ilis are regular : thus 
utilis (useful) utilior utilissimus 

3. The following are irregular : 

bonus (good) melior opt imus 

malus (bad) pejor pessimus 

maghos (great) major maxim us 

parvus (small) minor minimus 

multua (mack) *plus (neuter) plurimus 
nequam nequior nequissimus 

(wicked) 

divea lrick\ /divitior fdivittMumui 

atm {neb) | ditjor \ditiMimn* 

senex (old) senior natu maximus 

t (by birth the 

greatest) 

• These Is no nmcaUns or feminine atngnlsr of Plus, imt 
faOntarsl: Mom. Ace. phum, pturm ; OwLpturksm: D. AM. 
i f ii nha 


juvenis (young) junior natu minimus 

potis (able) potior (better) potissimua(6e<rf ) 

(no positive) ocior (swifter) ocissimus 

frugi (frugal) frugalior frugal issimus 

ogens (needy) egentior egentissimus 

4. Adjectives in -dicus, - ficus , and -volus change 
a? into * entior , - entissitnu s. 

maledicus maledicentior maledicontissimus 

bone ficus bonefieontior beneficent isaimiis 

malevolus malovolentior malevolentissimus 

5. Adjectives ending in -us, preceded by a 
vowel, have no comparative or superlative : to 
form one, use majis and maxime (adverbs) a 
more and most. Thus : 

idoneus magis idoneus maxime idonous 
(useful) (more useful) (most useful) 

But antiqnus , pinguis, and tenuis are regular, 
because the -w is really consonantal. 

6. The following spring from prepositions: 

citra citerior c it imus 

(on this side) 

de (down fntm) deterior (worse) deterrimus 

«•■*<«“'> ..«« issr 

infra '(below) inferior {imus UH 

intra (within) interior intimus 

! poMtremus(/tf«f) 

post uinuH (/«**- 

born) 

prae (before) jrior primus (first) 

prope (near) propior proximus 

( supremos (last 
or highest) 
BuramuH 

ultra (beyond) ulterior ultimus (last) 

Adverbs t Comparison. Adverb* de- 
rived from adjectives with -i stems usually end 
in ter; from other adjectives, usually in -e. 
Thus: audax (bold), audacter (baldly); brevis 
(short), breviter (shortly); dignus (worthy), digno 
(worthily). 

In comparison they imitate their correspond- 
ing adjective, but make comparative -us, su il- 
lative - e : 

gra viter (weightily) gravius gravissime 

aigne aignius aignissime 

audacter audacius audacissimo 

So: saepe (often) saepius saepi&nime 

diu (long) diutius diutissime 

Irregular : 

multum (much) plus plurimum 

magnopero (greatly) magis (most) maxime 

Pronouns t Relative. 

Qui, who or which. 

Singular. Plural. 

M. F. N. M. F . N. 

N. qui quae quod qui quae quae 

A. quern quam quod quos quas quae 

G . cujuft quorum quarum quorum 

D. cui quibus or quia 

A. quo qua quo quibus or quia 
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In twrragm ti re. Quia, who or what t (only 
in questions ). 

Declined like qui \ except the nominative and 
accusative singular : 

M, F. N. 

Nom. quift (quis) quid \ # 
qui quae quod J 

Acc. quem quam quid \ # 
quem quam quod ) 

Also the Indefinite pronoun quis (anyone) 
is declined like the interrogative, except that 
the nominative singular is quis , qua, quid . 
Compounds of qui and quis : 

1 . Quisnam, quidnam ? (also quinam) = who ? 

2. Ecquis , erqua , <cquid ? - anyone ? (rare). 

3. Ahquis , aliffua, aliquid = someone. 

4. Quisjiam , qwuq iam , quod pi am = some. 

5. Quisquam , quicquam - any at ait (generally 
used with negatives. r.j/. nec quisquam - nor 
unyone, ».f. “and no one”). 

0. Quid am, quantum, qwddam = certain, a 
certain [icrHon (very definite*). 

7. Quicumque, quaecurmpte, etc. = whosoever. 

8. Quisquis « whosoever; quidquid = what- 
soever. 

0. Quivis, quae.vi* , quod vis ~ which you will 
(very indefinite: in* means “thou wishest,” 
from w/o sr I wish). 

10. Quililni «. which you like (2»6rt is an im- 
personal verb c. it pleases). 

11. Qnm/ue, (ptaeque, quicque « oach (also 
unusquisque « each one). 

Section 11. SYNTAX. 

Rule 1. The relative agrees with its ante- 
cedent (t.f. the word to which it relates) in 
number, gender, and person, but takes its case 
from it* own clause;: r.p., faru* rjtf amiro* cuem 
era* videbo - dear is the friend whom I shall see 
to-morrow. 

Hock 2. “Than” after a comparative is 
expressed hy “m/am.” But if the comparison 
is being made between two nouns, the second 
noun may l>o putin the ablative, “f/tiam *' being 
omitted. In the fonner construction, the two 
things compared are in the same case, as "Luna 
minor est quam sol ” - the moon is smaller than 
the sun (or we could say, Luna minor est sole). 
Tlie latter construction is only used when the 
comparative adjective is nominative or accu- 
sative. 

The Accusative Case. The accusative 
is the case of the direct or nearer object of the 
transitive verb: e.g. Brutus Carsarem interfecit 
* Brutus killed (Vaar. 

o. Some verbs, ©specially those of concealing, 
asking , and teaching, may take two accusatives, 
on© of the person, the other of the thing, e.g. 
nihil matrem celat « he conceals nothing from 
his mother; nunquam divitias deos rogati- 
never asked I riches from the gods. 

b. Intransitive \orbs may take a cognate 
accusative, t.f. an accusative of kindred meaning 
to the verb, e.g. curs>tm eurrere - to run a race ; 
duram servitutem servit « he serves a hard 
slavery. 

* Note. The forms *wu, qmd art eg. qvi* 

sdsst t m mho U present ? But qui, are adjMUval, 
Is uaod with nouns ; tg. qui mils* i = what soldier? 
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c. Factitive verbs (t.e. verbs of making, codl- 
ing, thinking, etc.) have two accusatives, one of 
the object, the other of the complement, e.g. 
Ciceronem corisulem creant - they make Cicero 
Consul; patriam Britanniam vocamus — we call 
our country Britain. 

d. Duration of time and measure of space are 
put in the accusative, e.g . * Victoria multos 
annos regnavit = Victoria reigned for many 
years (here, “ for ” = “ during”); mvri eranl 
durenos pedes aUi - the walls were 200 feet high. 
[“ Point of time at which ” is put in the 
ablative.] 

e. The place whither one goes is put in the 
accusative, and without a preposition if it is the 
name of a town or small island, or domum {home), 
rus (country), e.g. Romam redivit = he returned 
to Rome ; rus eo = I am going into the country 
(rus is neuler). But u in Italiam eo,” because 
Italy is not a town or small island. 

Note, (d) and (e) are really extensions 
of (6). 

/. The accusative of respect is joined to verb* 
and adjectives (rare in prose, common in poetry), 
e.g. nudae sunt larertos - they are bare as to 
their arras ; deo similis humeros - like unto a 
god in his shoulders. 

g. The accusative is often used in exclama- 
tions: really object to some verb understood. 
e.g. me miserum ! — wretched me ! O te ferreum ! 
= man of iron that thou art ! 

Easy Passage to be turned into Latin. 

[Not© on the order of words in a Latin sen- 
tence. — The verb, or if not the verb, some 
important part of the predicate, usually comes 
last of all. The verb sum, however, seldom 
concludes a sentence, e.g. amicus est mihi 
carissimus. Adjectives, when used as attributes 
('* a good man”), usually foliou » their noun (nr 
bon i s). Adverbs usually precede their verbs 
( graviter dixit » he spoke weightily).] 

“ Little Boy Blue.” 

[Use the dictionary for new words.] 

“ Once upon a time there was a boy whose 
name was • Blue * (say. to whom the name was 
• Blue ’). When his father had given him a 
horn to blow* (which he might blow), he ordered 
his son to watch the sheep. But because this 
boy was very laxy, he often used to goto sleep 
(imperfect) for many hours in the fields, thinking 
to himself (say, with himself) : * To sleep is more 
pleasant than to work.' At last his father found 
iiim out : for the oxen which he was watching 
had entered into the meadow, and the sheep had 
settled in the cornfield. * Where is Little Boy 
Blue?' all the men shouted. And by -and- by 
they found him under a haycock in the middle 
of a field — fast asleep! \Vhat did his father 
give him? ” 

“Little Boy Blue ” in Latin. 

dim erat puer cui nomcn ©rat Caeruleo (dat. 
in apposition to mi).* Ubi pater cornu ei 
dederat quod inflare t, filium oves servare jussit 
(perf. of jubeo). Quia autem (autem is never 
first word in a sentence) hie puer erat pigerrimus. 



inultas boms in agris saepe dormiebat, eecum 
reputans “ Dormire eet jucundius (neuter) quam 
la Ware.” Tandem pater ilium deprehendit: 
nam boves quoe servabat in pratum intraverant, 
atque ove? in c.gro frumentario consederant 
(plupf. of consido). “ Ubi est Caeruleus ? ” 
omnes conclamaverunt. Denique ilium* rep- 
pererunt (perf. #f reperio) sub fooni meta in 
medio agro (note that the Homans said “ in th • 
middle field ”)dormientem. Quid illi pater dedit H 
(perf. of do, dare). 

Section III. TRANSLATION. 

Put the following into English, using a diction- 
ary for unknown words. 

The Beatitudes. 

Beati (sunt) pauperes spiritu: quoniam 
ip«orum cst regnum ooelorum. Beati qui (a) 
lugcnt : quoniam ipsi solamen recipient. Beati 
qui sunt mites: quoniam ipsi terr.im hereditaria 
jure ( h ) obtinebunt. Beati qui esuriunt et 
sitiunt justitiam: quoniam ipsi saturabuntur (r). 
Beati qui sunt miscricordes : quoniam ipsis 
misericordiafrt6«e£ur (d). Beati qui sunt mundo 
eorde (e): quoniam ipsi Deum viaebunt. Beati 
qui sunt pacifici : quoniam filii Dei vocabuntur (/). 

* Better Latin to say ‘quem denique repperurunt." = 
“ whom at length they found ’’ : use the relative often where 
English uses the demonstrative. 


UNQUAOtr-CNQUIH 

The Lord's Prayer. 

Pater noster qui es in cadi*. sancHficftur 
{9) nomen tuum. Venial regnum tuum : 
fiat voluntas tua, sicut in caelo, ita etiam in 
terra, Panern nostrum quotidianum da nobis 
hodie. Et remit te nobis do bit a nostra, sicut 
et (h) nos remit imus debitoribus nostris. Et 
nr (») nos indues^ in tontationcm, sed lilicra nos 
ah illo mulo. Quia tuum est regnum, et potent in, 
et gloria, in soeula. 

Notes. 

(a) In full, it would be Beati aunt ii qui. 

(&) Literally “they shall occupy by hereditary 
right.” 

(r) Future passive, third plural, of .aturo. 

(d) Future passive, third singular, of frifwo. 

(c) Ablative of quality, «. of a pure heart. 

(/) Future passive, third plural, of roco. 

(<7) Present subjunctive passive, third singular. 

(X) Et here - also. Et can mean (1) both, 
(2) and, (3) also, (4) even. 

(») Ne is the negative particle used with im- 
perative and subjunctive: non or baud with 
indicative and infinitive. Here ne inducas 
= do not lead us. (This is not a good Latin 
construction : it should be perfect subjunctive, 
not present). 

[For key to above, soe Matthew v. 3-9, and vi. 
9-13.J 

To be conti nued 


ENGLISH c ~ By Gerald K. Hibbert. M.A. 


Adjectives. An adjective is a word 
“ added to ” a noun to qualify it, or limit it by 
reference to quality, quantity, or position. There 
are, therefore, throe main classes of adjectives : 

1. Of Quality ; 

2. Of Quantity ; 

3. Of Position or Relation. 

1. Qualitative, or Descriptive, Adjectives, de- 

noting some quality or attribute : e.g ., white , 
ugly, thick , French , such. 

2. Quantitative Adjectives, denoting how much 

or how many. These include : 

a. Cardinal Numerals : one, two, three , etc. ; 

b. The Indefinite Numerals : many , few, 
some , all, enough, any , much, more, most 
several , sundry, certain , none or no ( = not 
any), less, least, both. 

3. Adjectives of Relation, or Demonstrative 

Adjectives. These include : 

a. Ordinal numerals : first, second, etc. ; 

b. The Pronominal Adjectives (adjectives 
which are also used as pronouns): a, 
an, the , this, that , these, those , other, yon; 
my, thy, his, etc. ; which, what , whether ; 
each, every, either, neither. 

Remark* on the Above. The words 
hundred, thousand, million are nouns ; we can 
say 41 a hundred,” though we cannot say, 44 a 
twenty.” 44 One hundred men ” is therefore 
“ one hundred of men,” and in Anglo-Saxon 
“ men ” was put in the genitive case. 

When many is used with a or an to denote a 
number of persons or things looked at indivi- 
dually, it takes a singular verb : “ Full many a 


flower is born to blush unseen ” (G ray’s “ Elegy ”). 
The phrase 44 a many ” is no longer used in good 
grammar (except 44 a good many.” ” a great 
muny ”), although Tennyson writes 11 shed a 
many tears.” 

No is a shortened form of rome, which equals 
” not one.” The use of none as an adject ive 
is confined to Old English : 44 There is none 

other name under heaven ” (Acts). 

Just as many adjectives are used as pronouns 
(e.g., 44 the other day,” adjective ; hate the 
one and love the other," pronoun), so also many 
adjectives are used as nouns : 44 the merciful,*’ 
44 the ridiculous,” 44 all is lost,” 44 enough is as 
good as a feast.” This applies sometimes to 
numerals : “I will not destroy it for twenty's 
sake ” ; 44 we count by tens .” 

In Anglo-Saxon adjectives were inflected for 
Numlier, Gender, and Case : but in Modem 
English they are indeclinable (except this 
and that, which have as plurals these and those). 

Comparison of Adjectives. There are 
three degrees of Comparison : the Positive, the 
Comparative, the Suverlative. 

The Positive is tne simple adjective, as ” a 
bright light.” 

The Comparative compares one thing with 
another, and asserts that the one possesses a 
certain quality in a higher degree than the 
other : as, 44 a brighter light.” 

The Superlative compares one thing with 
many, ana asserts that it possesses a certain 
quality in a higher degree than any of the others : 
aa “ the brightest light.” 
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Notm. 

1. Tbs Superlative is not used in comparing 
two objects only (except by some of the 
poets). It is wrong to say, “Which is the 
tallest of the two sisters ? ” 

2. Certain adjectives, from their meaning, are 
incapable of comparison : e.g., one , two , 
firsts second, this , that, square, triangular, 
perfect, etc. We do, of course, say, 
* This is more perfect than that,” but we 

are not then using “ perfect ” in its strict 
sense. Compare “The chiefest among ten 
thousand/* 


How to Form the Comparative. 

f. By adding - er to the positive (or -r, if the 
positive end in e mute) : e.g., long, longer ; 
scarce, scarcer. If the positive ends in y 
preceded by a consonant, the y becomes t: 
lofty, loftier. If the positive enas in a single 
consonant preceded by a single vowel, the 
consonant is doubled : fit , fitter. 

2. By prefixing more to the positive, in all 
cases where the positive has more than 
two syllables ( altirming . more alarming), and 
in most cases where the positive is disyllabic 
{decent, more decent). The disyllabic adjectives 
that form their comparatives in -er are those 
ending in y, hie, er, ou>, and those that 
have the accent on the last syllable {prettier, 
not/ler, tenderer, narrower, politer). It is 
very much a matter of taste in these cases: 
wha« sounds best is ofteneat used. 


How to Form the Superlative. 

1. By adding -est to the positive : e.g., longest ; 

2. By prefixing mod to the positive : e.g.. 
most alarming. The remarks on the formation 
of the comparative apply equally here. 

The Superlative is sometimes used, not to 
compare one thing with many others, but to 
denote that a thing possesses a certain quality 
in a High degree : this is usually expressed by 
prefixing “ a most ” or “ a very ” to the positive : 
as, “ a most extraordinary thing.** 

Double comparatives and superlatives are 
found in old writers: e.g., “ worser/* “the 
most unkindest cut of all,” “ the most straitest 
sect,** and (even in Modem English) “ leaaer.*’ 


Irkeoular Comparison. 

Positive. Comparative. Superlative . 

good better (1) beat (boteet) 

l>*d worse (2) worst 

little less least 

much or many more most 

old * 

far 

i forth, adverb] 
ore 
nigh 


older or elder (3) oldest or eldest 
farthest 
furthest 
foremost, drat 
nighest, 
nearest, next, 
latest, last. 


farther (4) 
further 
former 

nigher, nearer 

t <*) 
late later, latter 

Notes. 

(1) From old word bat m good. 

(2) From Anglo-Saxon wtor « bad. 

(3) Elder is not used when two persons are defi 
niteiy compared in point of age. We may sav 
“an elder brother, but not elder than.** 
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(4) Probably formed from far by false analogy 
with further (which is probably from forth)* 

(5) Nearer is a double comparative; near 
itself is a comparative form (positive, neah). 
Words like foremost , hindmost, innermost, 

utmost, etc., are probably double superlatives, 
as they seem to contain the two old superlative 
endings : -m (for -emu) and -ost. 

Position of Adjectives. An adjective 
is said to be used attributively when it imme- 
diately precedes or follows a noun ; but when 
the verb “to be/* or some similar verb, comes 
between it and the noun, it is said to be 
used predicatively. Thus: “The wise men of 
Gotham ’’ (attributive) ; “ Heap on more wood, 
the wind is chill ” (predicative). 

The Articles. A, an, and the are some- 
times called articles (Latin, articulus = a joint), 
but they are really adjectives (see above). 

The is called the Definite Article, because it 
points out or defines : as, “ The pied piper of 
Hamelin *’ ; “ Hie Maccabees.** It is a weak 
form of the demonstrative “ that.’’ In such 
phrases as “ Hie more the merrier ” ; “ The 
nearer the bone, the sweeter the meat/’ the is 
not the article, but the old instrumental case of 
the demonstrative adjective st, seo, that (the, 
that), and means “ by how much ... by so 
much ** (literally, “ by how much the more, b\ 
so much the merrier”). 

A, an, are called Indefinite Articles ; they are 
weakened forms of the numeral one. They show 
that it is one thing of the class which is meant, 
but do not specify which ; e.g. 4 As a man 
thinketh in his heart, so is he.” An is used 
before words beginning with a vowel or h mute ; 
a before words beginning with a consonant or 
h aspirated, or u when sounded yu ; e.g., an army, 
an heir, a cat, a horse, a unicorn (but an umbrella). 
But an may stand before a word beginning with 
h aspirated when the acoent is not on the first 
syllable of the word : an historical parallel , an 
hypothesis. Writers differ very much on this 
point. In the Psalms we find 44 an host/* “ an 
unicorn,” and Macaulay has “ an European/* 

In such sentences as 44 He kneeled upon his 
knees three times a day” a is not the indefinite 
article, but represents the old preposition on 
( * in). 

The article should be repeated before each 
noun in a series of enumerations, when the nouns 
denote distinct things : as, “ the butler and the 
baker of the King of Egypt/’ To say “the 
butler and baker ,Y would imply that one man 
was both butler and baker. When the nouns 
denote things cloeely connected, the article need 
not be repeated : as 44 The beauty and worth of 
every human soul.” 

Exercise. Pick out alt the adjectives in 
the following passage, classify them, and give 
comparative and superlative ; say whether 
used attributively or predicatively : 

“ All the earth and air 
With thy voice is loud, 

As, when night is bare. 

From one lonely cloud 

The moon rains out her heaven Is 

overflowed. 



Chorus hymeneal 
Or triumphal chant. 

Matched with thine, would be all 
But an empty vaunt — 

A tiling wherein we feel there is some hidden 
want,” 

{Shelley, 44 Ode to a Skylark.”) 
Correct the following sentences : 

1. He is the tallest man of all the rest. 

2. Which of these two do you like best ? 

3. He wore a large and a very shabby hat. 

4. The King sent for the Chancellor and 
Treasurer. 

5. Milton is greater than any poet. 

6. I can see two different flags, a white and 
green. 

Key to Sentences on page 248. 

1. He should be him . as but is here a preposi- 
tion, meaning except. 

2. Whom would be who. 

3. He should be him, to be in apposition to 
friend, which is in the objective case. 

4. Cherubim should be cherub. 

5. I should be me, for the same reason as in 
the first sentence. 

Pronouns. A Pronoun is exactly what its 
name implies, a word used 44 for a noun ” : e.g., 
“ Love took up the glass of Time, and turned it 
in his glowing hands.” It is here used to avoid 
repeating 44 the glass of Time.” 

As a pronoun is a substitute for a noun, it has 
number, gender, and case, just as would the noun 
for which it stands. 

Pronouns are often confused with adjectives. 
To test a pronoun, ask the question, 44 Does this 
word stand instead of a noun ? ” If so, it is a pro- 
noun ; if not, it is something else, probably an 
adjective. Thus : In 44 Give John that book,” 
that does not stand for a noun, and is therefore 
not a pronoun ; it is a demonstrative adjective. 
But in 44 Give John his book and that of his 
brother,” that stands for 44 the book,” and is 
therefore a pronoun. 

Classification of Pronouns. 

1. Personal ; 4. Relative ; 

2. Demonstrative ; 5. Indefinite* ; 

3. Interrogative ; 6. Distributive.* 

[* Some include these two under Partitive.] 

1. Personal Pronouns. I, we, thru, ye or 
you, he, she, it, they ; and ail their cases. 

I and we are personal pronouns of the First 
Person (the person speaking) ; thou, ye, and you 
of the Second Person (the person spoken to) ; 
he, the, it, and they of the Third Person (the 
person spoken of). 

He, the, it, and they are sometimes classed as 
Demonstrative Pronouns. 

The Personal Pronouns are thus declined : 

First Person. Second Person. 

Singular . Plural . Singular. Plural. 


Horn. 

I 

we 

thou 

ye. you 

Obj . 

me 

us 

thee 

you 

Pot. 

imy 

\ormme 

oar 

or oars 

thy 

or thine 

your 
or yours. 


Third Person, 
Singular, 


Mate. 
Norn, ho 
Obj. him 

Pot. { his 


Fern. Neuter. 
she it 

her it 

her its 

or hors 


Plural. 

All gendert . 
they 
them 
their 
or theirs 


The possessive cases of these pronouns are 
always adjectival, and are best, classed as adjec- 
tives (see under Adjectives of Relation at com- 
mencement of this lesson). The forms mine, 
thine , (yurt, yourt, hers, theirs are used only predi- 
cativoly: e.g., 44 the loss is ours.” Sometimes, 
however, in poetry and stately diction we find 
mine and thine, used attributively, hut only 
before a noun beginning with a vowel : Give 
every man thine ear, but few thy voice ” 
(Hamlet). The forms my, thy, our, your , her, 
their, are used only attributively : “ my fault.” 

Ye was once nominative, and you objective, 
though occasionally we meet an exception, as 
44 Lest confidence . . . deceive ye to persuasion 
over-sure ” (“ Paradise Regained ”). You is 
now both nominative and objective. 

Thou is now rarely used, except in poetry or 
addressing the Divine Being, and among the 
Quakere. The plural you gradually supplunted 
it, as a mark of special resjwct, the person ad- 
dressed as you being supposed to l>o as good aH 
many 44 thous.” We now, of course, use you and 
your, whether we arc addressing one person or 
more than one. 

It is the Anglo-Saxon hit, the t being a neuter 
suffix (as in what., that). Its original possessive 
was his, and its is u modem form : e.g., 44 The 
iron gate . . . opened to them of his own 
accord ” (Acts). 

The following are sometimes called Reflexive 
Pronouns, hut arc really Personal : 


Singular. 
myself (ourself) 
thyself (yourself) 
himself, herself, itself. 


Plural. 

ourselves 

yourselves 

themselves. 


Also the modem form emenelf, which has no 
plural ; it was originally written 44 one’s self.” 

Self (which means same), though originally an 
adjective, came to be regarded as a noun ; hence 
myself, etc. In the forms himself , themselves , we 
see 44 self ” used in its original adjectival sense, 
and themselves should therefore be 44 themself.” 

The form 44 ourself ” is used by royalty. 44 It 
was ourself thou didst abuse ” ( 44 King Henry V.”l 

They are called reflexive because they are usoa 
when the action 44 bends back ” and affects the 
doer : as, 44 He saved others, Himself He cannot 
save ” {himself being here objective). 

Sometimes they have no reflexive force, but 
are used for emphasis : as, 44 God Himself is with 
us ” ; 44 Myself am hell.” Here himself and 
myself are in the nominative case. 

Note. The objective cases of the Personal 
Pronouns can be used reflexively, without the 
addition of self ; as, “Get thee gone,” “I’W 
disrobe me.” 

To be continued 
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IANOU AOCft - rftlMOH 

FRENCH c ^g i Jr By Louis A. Barbe, BA 


Capitals and Small Letters. There 
are Home differences I jet ween the French 
and the English uses of capital and small 
letter*. We shall note chiefly the joints of 
difference. 

1. After a colon a capital is used to introduce 
a quotation, thus : Aristote disail d ses disci fdts ; 
Men amis , il riy a jxdnt d' amis (Aristotle used 
to nay to his disciples : “ My friendH, there arc 
no friends ”). 

2. The name of (Jod and all words synony- 
mouM with if an* written with an initial capital 
am in English. thuH : !>ieu (pronounced D&e), 
Chid ; le Seigneur (IS Seyn-yer), the Lord ; le 
Criateur (IS Crey-ah-ter), the Oeator; V Etn \ 
Supreme (laytr Su-mame), the Supreme Being. 
But when the word is a compound substantive 
of which the component parts are joined by a 
hyphen, they each take a capital : le Tout - 
Puissant (le Toft Piiee-saum 9 ), the Almighty. It 
is not customary to use capitals, on is done in 
English, in the ease of pronouns referring to 
God. 

3. The names of the signs of the zodiac, of the 
constellations, of the planets, when they are 
referred to as parts of the planetary system, and 
le Soleil (Sd-ley-ye). the Sun. when it is considered 
as its centres are looked upon as pro]>er names 
And take capitals. 

4. When moral qualities and abstract ideas 
are personified the nouns indicating thorn are 
written wfith capitals, os la Fortune (la for -tun), 
fortune ; la Viriti (la rey-rdt-tey), truth. 

5. No adjectives, and sometimes not oven the 
nouns (unless they naturally have capitals) occur- 
ring in the titles of literary works, take capitals. 
Thus Pascal’s 4 * Thoughts on Religion ” is 
written Pennies sur la religion, and Sain te-Beuve's 
41 Literary Portraits ” is in French Portraits 
lUtirairts. 

0. The adjectives saint and grand take capitals 
when they are integral parts of a proper noun, 
as la rue Saint-Honori, la Saint-Jean (the feast 
of St. John — i.e. Midsummer Day), Henri le 
Grand. Otherwise' they an' written with small 
initials, as saint Jeon, saint Honor# , le grand 
Henri. 

7. Adjectives used as substantives, to indicate 
a language, take no capital, thus, le fran^ais (le 
frairnWy), the French language; le lot in et le 
grec (H la4an 9 U grek ), I -a tin and Greek. 

8. Small initials only are used : 

(а) For the names of the months, of the days 
of the week, and of the points of the compass, as 
janvier (jaum’-vito-ty^ January ; f# trier (f&f- 
rrdt-ty, February; land* (lun 9 -ddi), Monday; 
mardi (mahr-d#), Tuesday ; le nord (le nor), 
north ; le *ud (le sild), south. But when these 
last are used to designate a division of the globe, 
or a number of countries, they take capitals, as 
tnerdu Nord (North Sea), empire d' Occident (awn 9 - 
ptBr ddk-sdtiawn 9 ), Empire of the West. 

(б) For the names of the various religions and 
sects, and of their adherents, as chrutianisme 
(crJtsiM-ak-nM em ), Christianity. 
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(r) For the names of members of religious 
orders, as beneiictinn , domtnicains (betf-neff-dik- 
tan 0 , dom&-n&-kan 9 ). 

, (d) For titles, as temper eur de Russie , It roi 
Edouard , le due de Guise ; pronounced Vawn’-pe- 
rer de Rut-see, le rwa Ed-irarr , le diik de 
Gireez. 

9. The abbreviations of monsieur , madame , 
mademoiselle , pronounced respectively me-sM-e, 
ma-duhm, and ma-de-mwa-zel (Mr., Mrs. and Miss), 
are M Mme , Mile. Their plurals are written 
MM., Mmes, Miles. Of the forms sometimes 
used in England instead of these, Mans, is to be 
avoided, because it is considered uncomplimen- 
tary ; Mde., because it means marrhande ; and 
Mdlle ., because it is not French at all. Other 
abbreviations of frequent occurrence art' : Mgr, 
for monseigneur (mon’-sifyn-yer), my lord; Me, 
for mature, pronounced mey-tr , the title given to 
lawyers; and Vve, for veuve (rev), widow. B.C. 
and A.D. are respectively avant J.C. and aprds 
J.C. 

10. The pronoun je (I) is not written with a 
capital. 

Exercise I. 

Indicate phonetically the pronunciation and 
give the meaning of the following words : 

femme, tele , histnire, aiguille , faubourg, doiyt , 
p+ril, man mis, Dieu , Espnynol . virile, soleil . 
fierier, mardi, m'msieur, maitre , Noel, made- 
moiselle, nord, beauroup, quoi, hirer, damner , 
srulfiter, prompt , miller, maison , sons, misdre, 
poison, ptdds, jxtix, sefft, huit , neuf , dirieme, signe, 
amer , pri.r. Guise , cri, babil , ville, ouf, sour, 
plomb, tnais, chef-tV entire, citoyen, gloire. 

Syllables. In dividing w ords into syllables. 
th< Follow ing rules should be observed : 

1. A single consonant between two vowels 
always belongs to the second of the two syllables, 
thus : geniralement is composed of the syllables 
ge’nc'ra'le'ment, generally. 

2. When two separable consonants occur in 
the body of a word, the first of them belongs to 
the preceding, and the second to the following 
syllable, thus : con'scn'tir. 

3. If the second of the two consonants is l or 
r, they are inseparable, and both belong to the 
second syllable, as in trou'bler, to trouble ; 
mon'trer, to show* ; i'eriture, writing. 

4. If r and l themselves come together, they 
are separable, thus : par'ler, to speak ; mer'lan , 
whiting ; kor’loge, clock. 

5. The consonants nr and nl are to be 
separated, as in den'rie , provisions ; s'en'rhumer , 
to catch a cold ; ea7et'er, to carry off ; en'lacer, 
to entwine. 

6. LI and rr are also to be divided, as in 
a tier, ar'rivtr, der'riirt, it' lust re. 

7. The consonants cA, ph, and, except in a 
very few words, gn, are inseparable, as four'chette, 
fork; so'phiste, sophist; a*gneau (an- yd) lamb, 
poi' guard ( pwahn-yarr ), dagger. 

Liaison* By liaison* pronounced l&-ig- 
won 9 , or linking, is understood the carrying 






on of the final consonant of one word to 
the initial rowel of the next, providing the 
two are intimately connected in sense. In 
tike case of a word ending in mute t, this 
applies to the consonant immediately pre- 
ssing it. When carried over in this way some 
of the consonants change their sound. D 
becomes t, u% grand homme = un gran* -tom (a 
t man), o becomes k, un long tspoir = un 
htspoir (a long hope), s and x become z, Its 
amis , six enfants = l ty-zahmM (the friends), sdt- 
zaum'-fawn 9 (six children). In the numeral neuf 
(nine), r becomes v, neuf ans = ne wton* (nine 
years) ; r is carried on only in trop, pronounced 
trd (too much), and beaucoup , pronounced bd-ktib 
(much), il ro trop avant - ird-pa-wtvn* (he goes 
too far forward), beaucoup tn parlcnt = bd-efib- 
pawn 9 'pari (many speak of it). The t of et (ty), 
and, is never sounded, and therefore never 
carried on. 

Punctuation. The punctuation marks are 
as follow : 

1. La virguU (,), (la v&r-giil). 

Lc point et virgule (;), (le pwan 9 -tVy-vMr-gdl). 

Lcs deux points (:), (ley deh puxin 9 ). 

Le point (.), (le pwan 9 ). 

Lc point d' interrogation (?), (li : pwan 9 d'an *• 
ter-rd-ga-sto-on*). 

Le print d,' exclamation (!), (le pwan 9 d'elcs-cla- 
ma-sM-on 9 ). 

To these may be added : 

2. Lee points de suspension (....), (ley pwan 9 di 

sii i‘pawn 9 -sd6-on 9 ). 

La jMrenthdse (( )), (la jHi-raxcn’-taze). 

Les crochets ([ ]), (ley erd shey). 

Les guillemets (“ ”), (ley ghAyemcy). 

Le tiret ( — ), (le tdl-rty). 

V accolade (f.), (^—) (Vac-co-lad). 

Vastiriegue (m.) (*), (Vasttyr&sk). 

3. In dictation the directions for opening and 
closing a parenthesis and inverted commas are : 
Ouvrez la par enthuse (open the parenthesis) ; 
Fermez les guillemets , pronounced ferrmSy ley 
ghMyemey (close the quotation). 

ORTHOGRAPHIC SIGNS 

Accents. There are three accents, the 
acute acoent ('), accent aigu , the grave accent ( v ), 
accent grout, and the circumflex accent (*), accent 
circonflexc . 

The accent aigu is placed only over the vowel t 
to give it the cioeea sound, as in timiriU (Uf/~ 
mey-rdMty), temerity. 

The accent grave is placed chiefly on the letter e, 
hot also on a and on u. It is placed on the 
letter e to give it the open sound, as in apris 
( aprey ), after ; succds ( siiksey ), success ; prophMe 
(prdfate ), prophet. 

It is also used to distinguish (me word from 
another, thus : 

(a) On the preposition dis (from), to distin- 
guish it from des (of the), and from dis (dice, 
thimbles), all pronounced dey ; 

(&) On the preposition A (to), to distinguish it 
from a (has) ; 

(c) On the adverb Id (there), to distinguish it 
from the fsminme article la (the) ; 


(d) On the adverb od (where), to distinguish it 
from the conjunction on (or) ; 

(e) On the adverb gd (here), and its com- 
pound degd (on this side) ; and also on the 
adverb dijd (already). 

The accent cirtonfUxt occurs on all the vowels 
except y. It usually indicates the omission of a 
letter (a, e, or *), and the vowel on which it is 
placed is almost invariably long, thus : dye (dhj), 
age ; fdte (Idle), feast, holiday ; ftAteJjMht ), flute ; 
apdtre ( apohtr ), apostle ; mattre ( meytr ), master. 

It is always placed on the vowel immediately 
preceding the terminations mes and tes of the 
first and second persons plural of the past 
definite, and on that immediately preceding the 
final t of the third person singular imperfect 
subjunctive in all vorbs. Thus : nous aim Ames 
(noO’Ztymdhm), we loved ; vous readies ( r&silht ), 
you reqoived ; il fintt (/dtndf), he might finish ; 
il HU (fii), he might be. 

It is also required on the i of verbs in aitre 
wherever that i retains a t after it throughout 
the conjugation, thus : paraitre (to appear) lias 
oar aU in third person singular present indicative, 
out parais in the second person. When the 
letter » takes a eircumflox accent it is not dotted. 
The accent circonflexe is also placed : 

(a) On dd, tho masculine singular form of the 
past participle of devoir (to owe), to distinguish 
it from du (of the), both pronounced dii ; 

(b) On the u of mdr (ripe), to distinguish it 
from mur (wall), both pronounced miir ; 

(c) On the adjective stir (sure), to distinguish 
it from sur (on), both pronounced silr. 

Kxerci.se II. 

A. Indicate tho silent letters in those of the 
following words that have any : 

automne , histoire , sang , aotit, dmgt , septemhre , 
porie. , champ , svd t portent , plomh, danger , lac, 
vingt, mer , faubourg , pair, oiitil , blanc , prix, Jisns, 
net, cerf, beaucoup, baril , pbril, monsieur, omcr , 
ckez, clef, sculpter, baptSme , hier, coup, pore , corps, 
dans, damner, homme, hache , serf, drap, sous . mais, 
neuf , hard, gentil, gosier , et, thi. 

B. Divide the following words into syllables, 
and give their meanings : 

laurier , chaloupe, sourcil, plaisir, mardi, viriti, 
apris, fourckette, agneau , poignard , giniralement, 
ami, icriture, par Ur, merlan , rtumtrer, troubler , 
denrie, virguU, consentir , enlacer, beaucoup, devoir , 
dijd. 

Tho Apostrophe. The apostrophe is like 
a comma, placed a little above the line (’), to 
indicate the elision or omission of the final vowel 
of (me word, before the initial vowel or mute h 
of another, as Vobjet, for U objet , V homme for It 
homme, fai (I have) for je ai. 

Elision takes place, and is indicated by an 
apostrophe *. 

1. In the masculine and feminine singular 
forms of the definite article, le, la ; thus, Voiseau 
(lwa-zd), the bird, for U oiseau, V aiguille (the 
needle) for la aiguiUt . Yeuse (evergreen oak) is 
the only word beginning with y that requires 
elision m the article preceding it, V yeuse, pro- 
nounced lM~h ; elision does not take place before 




ome (eleven) and it* derivatives, or before out 
(w#), yes, when used as a noun. 

2. In the pronouns je (I), me (me), te (thee), 
le and la (him, her or it), se (himself), ee (this), 
both pronounced se, que (which), in the pre- 
position de (of or from), the conjunction que 
(that), and in ne, the negative particle, thus: 
faime (I love), U s' amuse (he amuses himself). 

There is, however, no elision in le and la when 
they come after a verb — e.g.,donnez-le d V Homme, 
pronounced don-ney-le d l' rim (give it to the 
man). 

3. In lorsque (when), puisque (since), and 
quoique (although), but only before il (he), eUe 
(she), on (one), ils (they), elles (they), and un, une , 
the indefinite article. 

4. In (fuelque (kel-ke), some, but only in the 
expressions qudquun (m.), quelqu'une (f.), (some 
one), pronounced Icelkun 9 and kel-biin. 

5. In prtm/ue (almost), but only in the word 
presqu'tle (peninsula). 

0. In jumjue (as far as, until), e.g .. jusqu'd 
Paris (jiiska Par # ), as far as Paris ; jusqu alors 
( jiUikalorr ), till then. 

7. In entre (between), when it is the first com- 
ponent of a compound noun, as entr'acte (inter- 
lude), or of a compound verb, as s'entr aider 
(savmHr-Yy-defj), to help one another. 

8. In avjourd'hui (d-jonr-dti#), to-day. 

9. There is an apostrophe in grand'mbe. 
(prateu'-mfrr), grandmother, and a few similar 
words, although there is really no elision. 

10. The vowel » is elided only in the one 
word si (if), and only when it precedes il (he), 
or ils (they). 

11. When the pronouns mot (mo, to me), toi 
(thee, to thee), come after a verb, and before 
en (some, of it), the two vowels oi are elided, 
thus : donnez-m'en ( dbn-ney-mawn •), give me 
some. 

The Cedilla. The cedilla (la cMille) is 
placed under the letter c (g), when the letter, 
though occurring before one of the vowels a, o 
or «, requires to be pronounced with the hissing 
t'sound which it naturally has before the other 
vowels. Thus, there is a cedilla under the r of 
fagade ( fasahd ), facade ; gargon (garrsem 9 ), boy ; 
regu (resit), received. 

In words which are not written with a cedilla 
the c retains its hard sound, as calcul (kalkiil), 
calculation ; cocards ( kokard ), cockade ; 6cu 
(tykil), shield. 

The Diaeresis, The diaeresis is two dots 
(**) placed on the second of two vowels, to 
indicate that it ought to be nronounoed inde- 
pendently, and that the sounds of both vowels 
are not to be merged into onc,diphthong, thus ; 
Hair (to hate), naif (simple), Bead, to show that 
the words are to be sounded ha-dtr, nak-dtf, 
Esah-ii, and not h4r, nif , Esq. 

ExKKCISX III. 

A. Name the accents in the following words : 

mUme, bergbrt (shepherdess), bU (corn), mdr 
<Ue, i mdrs (mother), dijd, paraU, cdU (side), pris 

To be a 


(near), pris (meadows), tHe, #4 (summer), fdriti 
(sorry, angry), fenMre (window), Uvre (lip), Are 
(to be), d, ou, du, gfatfral, maitre , succ&s, tdmdriU, 
Ue (island). 

B. Elide the vowel and put an apostrophe 
wherever it is required in the following sets of 
words : 

Je ne ai de autre ambition (I have no other 
ambition) ; ee est mot (it is I) ; la oreille (the 
ear) ; le Homme ; le oiseau ; il faut que il parte 
(he must go away) ; la crainte que eUe me a 
causie (the fear which she has caused me) ; 
lorsque un enfant ne dbtit pas (when a child does 
not obey) ; si il vient (if he comes) ; le H4ros ; 
la heroine ; presque en mbne temps (almost at the 
same time) ; quelque autre (some other) ; le ome 
juillet (the 11th July) ; jusque d Londres (as far 
as London). 

The Hyphen. The hyphen is a stroke (-) 
placed between words to indicate that they are 
intimately connected, and form a single word or 
expression as regards meaning. Thus : chef- 
d'rrvtvre (masterpiece) and moi-meme, pronounced 
mwah-m&me (myself). 

1. In compound substantives, usage is not 
consistent with regard to the hyphen. Thus, 
whilst chef-d'oeuvre takes it, trait a' union (trey- 
d Un- yon 9 ), itself the French word for hyphen 
though quite as much a compound word, is 
w ritten without it. In other words, it is arbitrary. 

2. In proper names, both of persons and of 
place, component w f ords are joined by a hyphen, 
thus : Gay-Lussac, Clermont-Ferrand. It is also 
customary to join the several Christian names 
of an individual by hyphens, as Jean-Jacques 
Rousseau . 

3. Pronouns coming immediately after a verb, 
and standing to it in the relation of subject or 
object, are joined to it by a hyphen. If there 
rrc two such pronouns two hyphens are used. 
Thus : Donnez-le-moi (give it to me). 

4. Hyphens are required both before and after 
the euphonic t, used in certain tenses after the 
third person singular, when followed by il, eUe, on, 
as parle-t-il ? (does he speak ?) 

5. When ci and Id are joined as enclitics to a 
noun or pronoun, a hyphen is required, thus : 
celui-ci (this one), celui-ld (that one), pronounced 
se-liiS-s# and se-lii-M-la, cHhomme-ci ( this man) 
cette femme -Id (that woman). When prefixed to 
certain words they are joined to them by a 
hyphen, as in ci-avrbs (hereafter). 

6. The tens and units of a number are joined 
by a hyphen, except where the conjunction €t 
(and) comes between them, thus : dix-nevf (19), 
but vingt et un (21). There is also a hyphen 
between quatre and vingt in the numbers from 80 
to 99, thus, quatri-vingts (80), quatre-vingt-dix 
(90). Cent (100) is not joined by a hyphen to 
any number whether coming before or after it ; 
thus 210 must be written deux cent dix, pro- 
nounced deh sawn 9 d#ss. 

7. if Aik (m&me), self, is joined by a hyphen 
to the personal pronouns — e.g. moi-m&me (my- 
self), eux-mdmes (themselves). 
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MUNICIPAL ENGINEERS & SURVEYORS 

Engineers and the Public Service. Qualifications, Salaries 
and Duties of Engineers, Surveyors and their Assistants 


By ERNEST A. CARR 


Expert Views and Advice. A valuable 
introauction to our detailed survey of the 
var oua departments of local government work 
is afforded by some practical advice to candidates 
as to the Municipal Service generally, and tl e 
best methods of qualifying for it. for which we 
are indebted to the courtesy of the Town Clerk 
of Manchester, the Solicitor and Clerk to the 
Wallasey District Council, a leading official of 
the Borough of Crovdon, and other experts. 
These views have been furnished for our exclu- 
sive benefit, and are specially useful from the 
fact that they are no text-hook theories, hut the 
utterances of practical men of wide experience. 

All are agreed that, although for certain 
scientific posts previous municipal experience is 
not essential, it is very important that can- 
didates generally should enter the Service as 
early as possible. 

* In the municipal, as well as in any other 
service,” says the Wallasey authority already 
mentioned, “ there is no royal road to success, 
but only the l»eaten track of hard work And 
strenuous endeavour. 

‘•To become a good municipal servant it is 
desirable that a person should either be articled 
or apprenticed to the Chief of one of the various 
staffs pf a Corporation. A parent who is well 
enough off to do so should article his son in 
preference to apprenticing him, as, although in 
the former case he will generally receive no 
salary for a term of years, he obtains more 
quickly such qualifications as will enable him 
to compete for the responsible positions of the 
Service. One great advantage of a youth pass- 
ing through the drudgery of an apprenticeship 
is that, if he has brains to enable him to 
qualify for a professional position, his practical 
knowledge wiu give him a far better — because 
more intimate — command over his staff.” 

The Value of the Specialist. A 
further point emphasised is the importance of 
specialising from the first. The men who suc- 
ceed are they who early determine which 
branch of the Service best suits their tastes 
and capacity, and who steadfastly pursue their 
training with that special object in view. “ As 
to the course of instruction for municipal posts,” 
writes the same expert, “first a good general 
education and then a practical training in the 
department to which tne candidate wishes to 
attach himself, constitute as good a course as I 
know. 

“The principal Departments of a Corpo- 
ration are those of the Town Clerk, Borough 
Surveyor, Gas Engineer, Water Engineer, Elec- 
trical Engineer, Accountant or Treasurer, 
Police, Tramways and Education. Other De- 


partments are the Puhlic Libraries, Parks, 
Markets, Baths, etc.” 

On the question of diplomas and similar quali- 
fications another official states: “The various 
professions are now so well tilled with CHpahle 
men that it is necessary for a candidate for any 
municipal position of value hi he able to pass a 
very stiff examination, or to possess high qualifi- 
cations as to his knowledge of the work of the 
department he seeks to enter.” 

Swelling Posts. Students in doubt as to 
their fitness for local government duties will 
be interested to learn, on the authority of an 
official of twenty-one years' sorviee, that the 
most successful officers arc not necessarily 
the hook-worms and “ intellectuals.” “Even 
amongst 4 brainy people,’ ” he w rites, “ there is 
often a truly woeful lack of initiative. In the 
Municipal Service there is room for the indivi- 
dual of ability, and still mure of originality, 
courage and administrative capacity. Such an 
officer will lie always able to command and 
retain a position of great responsibility at a 
good salary.” 

How is a qualified candidate to obtain an 
appointment? On this question the replies of 
the experts may be summarised as follows : He 
should forward a list of his qualifications to 
the clerk of each public authority in the district, 
stating the class of post he seeks and asking 
tha* he may he informed of any vacancy 
arising. He should scan the advertisements 
headed “Municipal” in the daily press, and 
the “Official Announcements” of trade and 
professional journals. But his best chance is to 
study every week the advertisements of the 
newspapers devoted wholly to Local Govern- 
ment affairs. These contain all requisite 
particulars of any appointment vacant, and 
specify the method of applying for it. It is a 
frequent practice of the authorities to require 
a successful candidate to undergo a medical 
examination before he is appointed. 

The Demand for Municipal Expert*. 
Year by year Science has played an increas- 
ingly prominent part in the conduct of local 
affairs. In the palmy days of the vestries, 
it was considered beneath the notice of practical 
men. Then came the beginnings of modem 
sanitation and engineering; the despised sub- 
ject was found to possess more than a theoretic 
value, and to be capable of solving problems 
too complex for the old “rule of thumb H 
methods. Electricity developed with incredible 
speed from a schoolroom study to a mighty 
yet tractable monster, capable of unheard-of 
feats in the public service. Chemistry was 
employed to expose the fraudulent trader, 
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bacteriology shed new light on the mysteries of 
infectious disease, the local authorities forsook 
their prejudices, and to-day Science stands 
acknowledged as the most benefioent handmaid 
of the common weal. 

The natural consequenoe has been a rapidly 
growing demand throughout the Municipal 
Servioe for trained scientific experts, able to 
apply their special knowledge to the wants of 
local government. A distinct class of officials 
has thus sprung up, with positions well in 
advance of the ordinary clerical and adminis- 
trative staff; and among the most responsible 
and best- paid scientific posts are those connected 
with municipal engineering and surveying. 

8ftlarle«. To illustrate the salaries paid by 
municipal bodies to their leading engineers, we 
may turn to the pay lists of the Manchester 
Corporation. This energetic body, which em- 
ploys a large technical staff for its gas, water and 
'electrical undertakings, remunerates the leading 
officers ah follows. Surveyor, £1 100 a year ; Gas 
Engineer, £1000; Superintendent, £700; Electri- 
cal Engineer and Tramway Manager, £900 each ; 
Water Engineer, and Surveyor of Mains, £600. 

It would be easy to multiply instances like 
this. Newcastle’s engineer receives £800 a year, 
rising to £1000; a similar post at Leeds is 
remunerated with £600, while the engineers in 
charge of the waterworks and sewage works of 
the latter city each receive £1000 a year. The 

S moral question of salaries, however, will be 
focussed a litUo later. These examples are 
intended merely to show bow attractive is this 
branch of the Sendee. 

It is but fair and just that responsible posts 
of this class should be handsomely remunerated. 
To provide a large town with a proper water 
supply from remote sources, to devise satis- 
factory sewerage systems, or establish generating 
stations and supply services for eleotric lighting 
and traction — these are among the vast practical 
problems referred to the engineer's judgment. 
Such undertakings involve an outlay of many 
thousand pounds— perhaps even several millions; 
and their cost is largely determined by the way 
in which they axe planned and carried out under 
his supervision. With issues so grave dependent 
on his work, it must be admitted that the 
municipal engineer is worthy of his hire. 

The Scop# of tho Service. Many engi- 
neering works undertaken by local authorities 
are not compulsory, and the engineer is not 
always, therefore, an indispensable member of 
the staff. There is, however, a rapidly deepen- 
ing conviction among persons interested in local 
government, that public services such as tram- 
ways or gas supply, instead of resting in the 
hands of trading companies, should be oarried 
on by the authority itself. The effect of this 
has naturally been to widen the held of activi- 
ties for municipal engineers of every grade. 
Nowadays many urban districts boast a small 
engineering staff of their own, whilst the larger 
and more enterprising boroughs have each a 
strong force. There is every prospeet that for 
many years to come the aoope of the engineer in 
municipal work will continue to expand. 
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Candidates for municipal employment should 
spare no effort to attain professional standing, 
or at least to establish proof of their competency, 
through one of the recognised examining bodies 
of the engineering calling. In the present course, 
however, we need not discuss the technical 
training or the examinations to be undergone 
before such diplomas can be gained. These 

S uestions are fully dealt with m the sections 
evoted to engineering itself [see Civil, Elxo- 
tbical and Mechanical Engineering]. We 
are concerned simply with the practical con- 
siderations affecting municipal engineering as 
such. Briefly, these resolve themselves thus: 
What are the duties and salaries of municipal 
engineers and their assistants ? What qualifica- 
tions, and especially what practical experience, 
are most in demand in connection with such 
posts? 

The Chief Poets, The field of inquiry is 
bo wide thAt it must be mapped out into separate 
tracts corresponding with tho special needs of 
local authorities rather than with the profes- 
sional boundaries. For practical purposes we 
may classify municipal engineers as follows : 
6orough Engineer. 

Surveyor. 

Electrical Engineer: General, Lighting, Tram- 
ways, or Consulting. 

Waterworks Engineer. 

Gas Engineer. 

We shall now discuss only the chief and assist- 
ant posts of the first two classes. The remaining 
sections will be dealt with in due course. 

The duties of a Borough or City Engineer vary 
with the special needs of each district. In a 
river port ho may be mainly concerned with 
dooks and sluices, and the clearing of fairways. 
A coast area involves such tasks as the con- 
struction of breakwaters and shore defenoe 
works. Hilly country has also its own problems 
—notably, road engineering and storm-water 
drainage. 

Tho Borough Engineer. The borough 
engineer is required to have a thorough prac- 
tical knowledge of oivil, sanitary and eleotrical 
engineering, and of building construction. He 
must be familiar with the principles of mechani- 
cal construction and design, an expert in taking 
levels and drawing plans, and in preparing 
specifications, estimates, and bills of quantity. 
He may be oalled upon to design main drain- 
age and water supply systems— or any other 
engineering work a local authority may lawfully 
undertake — and to supervise the execution of 
all such works. He is placed in oontrol of all 
bridges and tunnels, and also of the engines, 
pumps, lighting appliances, tramway tracks, 
generating stations, dust destructors, and other 
mechanism belonging to the council ; and must 
advise that authority as to their repair and 
renewal And not least important among the 
duties entrusted to him is the scrutiny of all 
engineering contracts in order to safeguard 
municipal interests. 

In many towns the offices of engineer and 
surveyor are united. The additional duties 
need not, however, detain us now. They will 


fee considered in dimming the eurveyor's 
position. 

The Engtaewrtag Societies. The pro- 
fessional qualifications expected of candidates 
for the post of borough engineer depend on 
the views of the authority concerned. The 
larger boroughs regard with greatest favour 
the Membership ami Associate Membership of 
that most ancient and distinguished of engi- 
neering societies, the Institution of Civil Engi- 
neers |aee page 160], The “M.I.M.E.” is also 
held in high esteem; and, among additional 
qualifications, the diplomas of the following 
bodies are most frequently met with : the Elec- 
trical Engineers', Sanitary Engineers' and Sur- 
veyors' Institutions, and tne Sanitary Institute. 

Many competent engineers, whose training 
would fit them for municipal duties, and who are 


conspicuous in the career of every successful 
candidate for valuable public appointments, 
and is so important that a few instances of 
such careers may be found helpful. 

One municipal prise-winner, after serving four 
years’ articles to a civil engineer engaged in 
water, sewage and railway practice, spent two 
years in acquiring architectural experience, and 
three more as engineer and agent for a contractor 
for large public works, including the construction 
of roads, bridges and main sewerage systems. 
A term of municipal surveying addtxl valuable 
practice in innumerable duties relating to streets, 
parks, tramway systems, etc. ; and the experience 
thus acquired has secured for its possessor the 
engineership of a leading northern city. 

The record of another engineer who, at the 
age of thirtv-two, has lately won a municipal 


EXAMINATIONS FOR MUNICIPAL AND COUNTY ENGINEERS * 

Examining Body, 
Time and Place 
of Examination. 

Subjects of Examination. 

No exemption from any part of the examination is granted to candidates, 
but certain certificates erf general knowledge in English and Mathe- 
matics are required. 

Km slid 

Age Limit. 

I H CORPORA TIED 
Aksociatior or 
Ml? MCI PAL AMD 
OOCNTY 

Kmqimkkkb. 

1. Engineering as appllad to Muntolpal Work t 

1st Paper : A. Sewage Disposal. 

li, Tramways Construction. 

C. Bridge Construction. 1 

D. Water Supply. 1 

tnd Paper: A. Geodesy. 

B. Hydraulics. 

C. Sewerage 

D. Road Construction and Maintenance. 

£4 4s. for first 

examination. 

On re-examina- 
tion after failure 
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Candidates must 
have attained 
their ‘22nd birth- 
day. 

London : 

April. 

In one Provincial 
Town : 
Octol>cr. 

In Scotland : 

Aa required. 

In Ireland : 

Aa required. 

2. Building Construction ; Strength of Materials : 

A. Materials. i 

B. The Construction of Public and Private Buildings. 
a Building By-laws. 

D. Public Bains and Hospitals. 

3. Sanitary Selence as Applied to Towns and Buildings : 

A. Heating and Ventilation. 

B. Scavenging and Disposal of Refuse. 

C. Water Supply and Drainage of Buildings. 

D. Disinfection. 


4. Muntolpal and Local Government Law as Relating to the work 
| of Municipal Engineers and Surveyors. 


Note.— The Examiner* do not recommend any particular text-book*, a* it 1* desired to make the examination* 
rather a teat of the candidate’s practical knowledge of the subjects generally than to hud his acquaintance with any 
particular book or books. 

Fifty per cent, of the total number of marks given are required to constitute a pass. 

Further particulars, with specimen question papers, may be obtained from the Secretary to the Association at 

U, Victoria Street, Loudon, 8. W. 


Attracted to the Service, have been unable to 
follow the course of studies prescribed for 
membership of the Institute of Civil Engineers, 
or for any similar professional diploma. Practical 
expert * of this class should avail themselves of 
the examinations of a body devoted solely to the 
municipal aspects of their calling — the Incor- 
porated Association of Municipal mid County 
Engineers. This is a powerful organisation, 
restricted in membership to trained engineers 
and sur ve y or s to public authorities. A table 
of its examinations is given on this page. 

The Supreme E— antiml It will be 
readily understood that no certificates, and no 
amount of theoretie training, will supply the 
place of that foremost esse n tial, viz. responsible 
experience in eng ine e rin g works of a varied and 
comprehensive nature. This fact stands out 


post with a beginning salary of £800 a year, 
is mainly associated with giant railway works 
and contracts all over the country. These 
undertakings involved such varied duties as the 
alteration of street levels, the construction of 
bridges, viaducts, canals and wharves ; and the 
making and sewering of new roads. In most of 
these works he was the responsible engineer in 
charge of the contract. It is noteworthy that, 
unlike the majority of his rivals, this officer had 
had no previous service under a local authority. 

First Steps. A more typical career, per- 
haps, is that of the present Southend borough 
engi n eer , who has much brilliant municipal ser- 
vice to his credit. His articles were served in a 
borough engineer's office, and since that time 
as assistant, and later as principal, he has been 
engaged on public works, including ordnance 
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map snrreyt extensive mein drainage and 
storm-water schemes, the designing of public 
baths, schools, pumping stations and other 
borough buildings, and sundry street and tram- 
way works. Solid achievement and variety of 
experience being so essential, it follows that 
candidates whose years do not reach the middle 
thirties are seldom regarded as ripe enough for 
chief appointments. On the other hand, those 
over fifty are often considered past their best. 

Enough has been said to indicate that there 
is no royal road to a borough or county engineer- 
ship. Bat with such a goal in view, a student 
cannot begin more favourably than as articled 
pupil to an official of that standing — preferably 
a member or associate member of the Insti- 
tution of Civil Engineers — in a busy provincial 
town. In this way valuable insight into muni- 
cipal work will V>e gained, as well as a good 
opportunity of securing a footing in the Service. 

Instances of the salaries paid by the larger 
corporations have already been given. Speaking 
generally, they vary lx* tween £500 and £1200 a 
year. Minor authorities pay less — from £350 
to £550 a year. But these bodies rarely appoint 
a chief engineer. Their practice is to employ 
gas, electrical and other specialists as required, 
whilst the place of the borough engineer iB 
occupied by the municipal surveyor. 

The Municipal Surveyor. Many educa- 
tional works classify appointments of this 
character among the posts available to men 
who have undergone the t mining of a general 
surveyor. This is true to so* limited an extent 
as to be really misleading. l*roperty or estate, 
as well as building, surveyors are occasionally 
included in the staff of a public authority, ana 
are the municipal representatives of professional 
valuation or quantity surveying, usually holding 
the Fellowship or Professional Associateship of 
the Surveyors Institution [see Surveying]. But 
where the post is that of “ borough surveyor ” 
the training expected of that officer, ana the 
duties entrusted to him, are substantially those 
of an engineer. 

In order to explain clearly the surveyor’s 
duties, and the way in whioh they differ from 
those of a borough engineer, it is necessary to 
note that there is a broad distinction to be 
drawn between surveyors to a county or district 
council and those in the service of a city or 
borough. Whatever the character of the public 
authority he serves, a surveyor is not called upon 
to undertake such grave and costly mechanical 
schemes as may occupy the attention of the 
municipal engineer, Elaborate water services, 
for instance, with reservoirs and lengthy con- 
duits, the formation of docks and harbour 
defences, or the devising of an important main 
drainage scheme, would lie outside the scope of 
his duties; though many borough surveyors 
gladly undertake responsible work of this nature 
tor the sake of an enhanced reputation. On 
the other hand, the expert surveyor carries 
out nrnor engineering works equelly with the 
engineer ; ana, in addition, is burdened with a 
mass of miscellaneous duties in connection with 
and the land surface tester ally, from 


which his brother official is wholly or partly 
free. 

County and District Surveyors. Under 
a public authority for a county, urban, or rural 
district, the duties involved are practically those 
of a Surveyor of Highways. The officer is 
responsible for surveying, levelling, maintaining 
ana repairing ail roads and bridges in his charge. 
In an urban or rural district he supervises 
generally the work of road cleansing, watering, 
paving and lighting, and of laying out and 
sewering all new thoroughfares in his area. 
Street lamps, hydrants and trees are under his 
care, and occasionally the maintenance of tram- 
way tracks. He acts also as expert adviser to 
his authority in matters of contract. He must 
be, in brief, a sound road engineer and a capable 
draughtsman. 

The smallest responsible posts are naturally 
in the rural districts, where traffic is least ana 
new streets work is unimportant. The salaries 
paid are correspondingly small — £100, £120 or 
£150 a year, rising to £180 or £200. But there 
is ample leisure for private work or study, and 
these appointments afford good openings into 
the Municipal Service for young men who must 
earn a livelihood while qualifying for higher 
positions. 

In urban districts the duties are heavier and 
more responsible, including inspection of build- 
ings in course of construction ; and salaries 
range from £150 to £230 a year — occasionally 
over £300. (\>unty authorities require their 
surveyors to be expert engineers, for the work 
involved may incluae the reconstruction of im- 
portant county bridges. The officers appointed 
are usually members either of the Surveyors’ 
Institution, the Institution of Civil Engineers, or 
the Association of Municipal and County Engi- 
neers. If private practice is prohibited, the 
salary paid varies from £400 to £800 or £1000, 
according to the area and importance of the 
county. In a recent and typical instance, a 
stipend of £500 was offered, rising by £50 
annually to £700. Some of the smaller county 
councils, by imposing no restrictions as to 
private work, secure the services of competent 
prac* ising surveyors and engineers for £250 or 
£300 a year. 

Borough Surveyors. The busiest and 
best-paid section of municipal surveying is 
that of the leading cities and boroughs, inmud- 
ingthe metropolitan divisions. 

TJJie Borough Surveyor is a great deal more 
than a surveyor of highways. To the duties 
of that office, magnified as they are by the 
importance and business of his district, must 
be added multifarious other tasks in engineer- 
ing, land surveying and architecture. The 
most important of theee are the construction 
and repair of tramway tracks, the carrying out 
of street widening and improvement schemes, 
the clearance of “condemned areas,” the 
formation of public gardens and recreation 
grounds, and the inspection of houses and 
sewers in course of construction. It is only in 
the largest towns, as we have seen, that a 
borough engineer is employed ; and where this 



5» not the ewe, the surveyor has general 
ch«m of municipal machinery and apparatus. 
Further, he is often called upon to act as 
architect for his council in the designing of 
public hatha, libraries, schools ana other 
buildings, and to superintend their erection. 

For such responsible work one must be 
experienced in far more than land surveying. 
The borough surveyor's practical training should 
be as diverse as the engineer's, and of the same 
general character. Except for the increased 
importance of architectural knowledge, all that 
has been said of the experience ana diplomas 
best suited to the equipment of a borough 
engineer applies equally to survivorships. 
Indeed, a highly qualified officer of either class 
is fully competent for the other, and such 
transfers are not infrequent. The best degree 
for surveyors is the A.M.Inst.C.E. ; or, failing 
that, the Assoeiateship of the Surveyors’ Insti- 
tution [see page 160]. 

The remuneration is similar to that of the 
borough engineer, and tho proportion of 
liberally paid posts is high. Minor boroughs 
pay their surveyors from £200 to £500 a year ; 
the larger towns from £400 to £800, £1.000, and 
even higher. Manchester pays its chief sur- 
veyor £1,100, and its district offic ials £340 — in 
one instance £400. The City Corporation, small 
as its area is, pays its surveyor £1,000 a year. 
In the London boroughs the stipend varies from 
£500 to £900, with travelling allowances. 

Assistant Engineers and Surveyors. 
To the young student of engineering and sani- 
tary service, with his experience still to come, 
ana his way in the world yet to make, tho 
principal appointments of the class we have 
keen considering are as yet beyond reach. Such 
a student, if the question of a living wage be 
important and an articled pupilship out of tho 
question, would be well advised not to seek 
municipal employment directly he leaves his 
technical college or school of engineering. With- 
out practical experience, the only posts in the 
Service available to him would he office posi- 
tions — perhaps as plan -copier or draughtsman. 
As we shall notioe when considering municipal 
clerkships, such appointments are not ill-paid, 
but they lead further and further from actual 
engineering ; and the student, remembering the 
supreme importance of practical knowledge in 
the career he seeks, should resolutely turn his 
back on the Municipal Service for a time. 

A year or two spent on the outdoor staff of 
a public contractor or civil engineer will put 
such a youth in a very different position. He 
will now be competent to take a post as Assis- 
tant in a municipal surveyor's or engineer's 
office. His training thereafter will be of the 
moat practical and useful nature: he will learn 
exactly the scope of municipal work, and, if he 
has aoflity, and does not neglect the science 
and theory of his subject, wilt be well on tne 
way to his goal of a pPKcipal appointment 

It is worth noticing, by the way, that a dis- 
tinction is often drawn between a Surveyors' 
Assistant and an Assistant Surveyor, the latter 
being the senior and more responsible post. 


Candidates for assistantships are required to 
be capable draughtsmen, practically acquainted 
with drainage and street work, and experienced 
in the preparation of specifications, quantities 
and estimates. For the best appointments 
competence to superintend outdoor works is 
usually stipulated ; and if the vacanoy is in a 
borough surveyor's office, some knowledge of 
Architectural work is commonly demanded. 

The Duties of an Assistant Surveyor. 
The work expected of an Assistant is of pre- 
cisely the same character, whether he is employed 
in an engineer's or surveyor's offioe ; but vacan- 
cies of tho latter class are by far the more 
frequent. The following tvpioal '* last of 
Duties," recently prescribed by an urban dis- 
trict council, will be of practical service to 
students preparing for such posts. 

The Assistant Surveyor must reside in the 
district, and devote his whole time to the duties 
of the office. Ho will act under the control and 
superintendence of tho Surveyor to tho Council. 
Tho undermentioned duties appertain to the 
office : 

1. To make surveys, take lovols, and prepare 
drawings, tracings, specifications and estimates for 
private street works ; for construction of all sewers 
and drains, and for works of street improvement. 

2. To assist in the preparation of drawings, 
tracings, specifications, and estimates of all othor 
works of every description required by the Council 
from time to time. 

8. To assist in the checking of accounts, tho 
inspection of all new buildings, streets and sewers, 
and in the supervision of the various branches of 
the Council's work, and all works the Council may 
have in hand from timo to time. 

4. To t>o in attendance at the meetings of tho 
Council and the various Committees. 

5. Generally to assist the Surveyor in the dis- 
charge of his duties, and to perform any other 
duties appertaining to the Surveyor’s Department 
that the Surveyor may diroct. 

Salaries of Assistant Surveyors. 

Assistant*’ salaries vary like those of their 
chiefs. For the appointment to whioh the 
above list relates, £120 was offered, with 
annual increments of from £10 to £150. In pro- 
vincial towns and the London boroughs the 
surveying staff is classified into juniors and 
seniors; the former receiving from £80 to 
£175, the latter not less than £150, rising to 
£200 or £225, and more generally an initial 
salary of £180 or £200, with a maximum of 
£300. If the staff is large, the chief assistant's 
stipend begins at £250 and may rise to £400, 
The usual limits of age are — for juniors, 19 to 
25 ; for seniors, 25 to 35 or 40. 

It will he seen that a moderate income is 
attainable even as an assistant surveyor or 
engineer. But in the Municipal Service no 
hardworking and able officer of good general 
education should allow himself to remain in 
that status all his life. The fatal mistake 
which renders such stagnation possible is to 
neglect one's opportunities of qualifying pro- 
fessionally at the earliest possible moment. To 
work hard at one's duties and studies at the 
same time is admittedly trying; but it is 
essential for the man who means to sucoeed. 


To be continued 
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Rate, Rtaert, Ooaam, Lakes, MvntaJu. The Straus. aad Mra*:';''' 
M Natan's Sca l pto n . Glaciers aad Volcanoes and their iNode 


By Dr. A. J. HERBBRTSON and F. D. HERBERTSON, B.A. 

What i b true of forests is true of all 


Mf/ATSE, which plays its pari* as we have 
w seen, m determining toe shape of the 
earthy does more than help to make new 
soil out of the waste of the rocks. It 
carries the new soil down to the lower lands, 
and spreads it out over 
them. Everyone who 
has built a sand castle 
by tho sea knows that 
next day the sand is 
perfectly smooth again. 

The waves have moved 
the grains of sand, and 
spread them out level. 

The same thing hap- 
pens in every flool. 

The swollen river over- 
flows the lowlands, its 
waters discoloured with 
the soil it whirls along 
with it. As it sub- 
sides it drops over the 
flooded area the par- 
ticles of soil which it 
has no longer the fort e 
to carry. The same 
process goes on im- 
perceptibly after e\ cry 
shower. Wherever 
there is the slightest 
slope there is a down- 
ward movement of par- 
ticles of soil and water 
towards the lowest level. 

Thus all over the earth 



a levelling movement is going on, wearing down 
mountains, and building up the plains with new 
soil made from their brokon-down rook waste. 

Trees as Protector* of tho Earth. 
These processes that go on eternally are 
evidently as much 
creative as destructive, 
though man may desire 
to check them so far 
as possible, because 
they interfere with his 
requirements. In many 
mountain lands the 
hillsides are so stripped 
of soil that the inhabi- 
tants have to collect 
it from far below to 
replenish their little 
plots. This destruction of 
aation, m it is called, 
by trees, which not only 
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the soil, or denu- 
is greatly checked 
break the force of 
wind and rain, hut also bind the soil together 
with their roots, so that it is less easily washed 
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away. 

vegetation, and men are now turning this know- 
ledge to account. In the hot desert, for example, 
the sands are slowly but steadily driven before 
the wind in long sand dunes, which advance so 
many inches or feet in 
a year. Whole cities 
have been buried by 
them in the deserts of 
Asia, and the railways 
which now cross many 
deserts are menaced 
by the same fate. To 
protect them, coarse 
grasses and desert trees 
are planted alongside 
the tracks to bind the 
sands together and 
arrest their movement. 
In lands of the tem- 
|)crftte zones the forests 
on the hill slopes have 
been so recklessly cut 
down that the lower 
slopes are unfit for 
cultivation. Most civi- 
lised governments are 
nowpaying great atten- 
tion to reforesting, in 
order to arrest this dis- 
appearance of the soil. 

The Mailing of 
a River. A river 
is a body of water, 
bolding rock waste 

moving along a defined 

channel, or bed, from higher to Tower levels. 
Every drop of rain which does nut sink into 
the ground moves downwards, following the 
slope of the surface, seeking the lowest 
attainable level, and 
carrying more or less 
of the surface soil with 
it. Trickles of water 
collect into rivulets, 
and these into larger 
and larger ones, always 
seeking lower levels, 
and gradually joining 
up to form a main 
stream. Hie whole of 
the area thus drained 
i* called a river ! 

The higher giound Separating one 
from another is called a water-parting, or 
a divide. The streams which unite to form a 
are called the head waters, or 
Branches which enter well-defined 
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streams are called tributaries. Where a tributary 
enters there is a confluence. The bank of a 
river which is on the right 
hand of a traveller going to- 
wards the sea is the right 
bank. The other is the left 
bank [28]. 

Character of a River's 
Couree. The upper course 
of a river rising at any height 
is usually very steep, with 
great falls in its bed. Every 
river, however, by perpetu- 
ally grinding rock waste over 
these obstructions, is gradu- 
ally removing these inequali- 
ties, or grading its bed, as it 
is called. It is also deepening 
it, and gradually cutting out, 
or eroding, a valley, with 
more or less steep sides, 
according to its age and the 
nature of the rocks. Each 
of its tributaries, and the 
streamlets which feed them, 
is doing the same, and thus in the course of 
ages a highland region is cut up by stream- 
erosion into a series of valleys separated by 


ktfher ground, farming tl » 
or mountainous regies* 
we know. It is in its upper 
oouree, whore it h too swift 
and steep for navigation, 
that a river does most work 
in wearing down the rook 
waste it carries, As the 
slope lessens its speed 
slackens, and it begins to 
drop more and more of the 
sediment it ie carrying, thus 
further levelling ite bed. In 
the plains it frequently 
overflows ite banks, forming 
stretches of flat land on both 
•ides, called its flood plain. 
Here it is probably navi- 
gable, or can be made so 
artificially. This process is 
called canalisation. Most of 
the rivers of Europe are 
canalised, and connected by canals, which may, 
perhaps, be called artificial rivers. Across tlVe 
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lowlands the river, now much slower, continues 
to seek the lowest level— that is tHe sea. At 
any stage of its course it may have found its 
way thither blocked by a range of 
mountains or hills. One of two 
things then must happen. Either 
the river has been turned in a new 
direction, and flows round the base, 
or, if the rocks are of a kind easily 
acted on by water, it may have cut 
a passage or gorge through them. 
The steepness , of the Trails of 
this gorge. Like that of the walls of 
it* upper valley, will depend partly 
on the length of time daring which 
weathering has been proceeding, and 
partly on the character of the rocks 
and the rate at which they weather. 
The Thames, which rises in the 
Cot* wolds, in which it ha* cut it* 
upper valley, has to cut through 
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two other barriers — the Oxford Heights and the 
Chiltem Hills — before it reaches the sea. 

The River's Entry to the Sen. A river 
enters the sea by its month, the character of 
which depends on the nature of the sea into 
which it flows. If this has strong tides and 
currents, the sediment, or fine rock waste, which 
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the river has brought down with it, and which 
it drops when its motion is cheokc 1 by the 
sea, is rapidly carried away, and the channel is 
kept deep and unobstructed. This forms an 
estuary, up which the tides penetrate' twice 
daily, enabling shipping to pass easily up 
And down. In a sea with feeble tides and cur- 
rents the dropped sediment accumulates on the 
bottom at the river s mouth, gradually silting 


Lakes and Rivers. A lake is a body 
of water surrounded by land. lakes are of 
all sizes. They are usually drained by a river, 
and are then fresh. Lakes with no outlet 
become salt or brackish. 

Where a river enters a lake its motion is 
checked, and it deposits much of the sediment 
it carries. All lakes thus tend to be filled up. 
A shallow lake is often divided into two by 
the formation of an intersecting belt of new land, 
where the river enters. A lake in a river’s 
course thus acts as a filter, and the river which 
entered it as a muddy stream may emerge 
bright and clear at the other end. 

Highland* and Lowlands. Next to 
the distinction between sea and land, per- 
haps the most important to man is that 
between highland and lowland, mountain 
and plain. Mountains, we saw, have a colder 
climate than lowlands, and consequently dif- 
ferent vegetation, occupations, and mode of 
life. They interfere with communication, often 
cutting off for many months all intercourse 
between villages on opposite slopes, which are 
only a few miles distant as the crow flies. In a 
highland region the question of routes becomes 
very important. These are generally supplied 
by the river valleys, by following which it is 
possible to reach a pass or col, the lowest part 
of the ridge or range. In text-books of geo- 



it up. In the course of ages the new land thus 
formed rises above the surface, forming mud 
flats of alluvial land. Across this sodden new 
land the river has to find its way, and, having no 
banks to confine it, it breaks up into a network 
of branches, or distributaries. At the mouth 
of each of those the same land -making process 
is going on, and the new land is steadily pushed 
out to sea, forming a fan -shaped delta, so called 
from its resemblance in shape to the Greek 
letter A of that name. 

Underground Stores of Water. A 

certain amount of rain peroolates through the 
ground, until it is stopped by rock of a kind 
through which it cannot pass. Along this layer 
of impervious rock it makes its way under- 
ground until the layer comes again to the surface 
of the land at a lower level. Here it bursts out 
as a spring [87]. Where the arrangement of 
the rocks makes this impossible, it forms a sort 
of underground reservoir. Coal mines are often 
flooded by miners accidentally breaking into 
snob subterranean rivers or reservoirs. This 
underground store of water helps man in his 
attempts to make use of the drier regions of the 
world, as we shall see. 


graph y the highest points are generally given, 
whereas it is the passes, or lowest accessible 
points, on which communication depends, that 
we want to know. 

Old and Young Mountains. We have 

seen that the greater part of the sculpturing out 
of a highland region into mountains and hills 
has been the 
work of p 
st reams, w hich - 1 
in cutting out -j 
their own beds, I 
and carrying ■ \ 
away loose 
material, have p 
gradually * 
shaped the 88. profile or contour or 
present feature line x to x on 80 

of the land- 
scape. These processes have been going on 
for varying periods in different parts of the 
world. In older mountain regions, where they 
have been longest at work, the peaks are 
less sharp, the slopes less steep, the valleys 
broader, and more or less graded, forming good 
routes. In young mountain regions, uplifted in 




comparatively recent timet, where eroeion has 
gone on for a much shorter period, the peaks are 
sharp, the valleys narrow, and very imperfectly 
graded. The upper valleys are often mere 
precipitous gorges, useless as routes. Such 
regions are almost inaccessible till man cuts 
or carries roads along the steep walls of the 
valleys. In the Himalayas, which are young 
mountains, the roads are often carried on fraU 
supports along the face of precipices of the most 
terrifying description. 

Glaciers and their Work, Where moun- 
tains rise above the snow line, the height of 
which varies in different parts of the world, 
their summits have, so far as temperature is 
oonoemed, a polar climate. Snow cannot lie 
to any depth on their steeper slopes, and the 
bulk of it accumulates in the higher valleys, 
where it is pressed by its own weight into solid 
ice. Glaciers erode valleys precisely as rivers 
do. Often hundreds of feet thick, and many 
miles long, they have an imperceptible but 
steady movement downwards, carrying with 
them the rock waste which falls from the peaks 
and precipices above. Some of this forms 
moraines on both sides of the glacier, but much 
falls through the crevasseH, or splits in the 
glacier, which does not yield so easily to the 
inequalities of its bed as a river. The friction 
of the moving glacier and of the rock waste 
below it gives a curious U shape to the bottom 
of the valley. Where we find such valleys we 
know glaciers formerly filled them, uni ioe- 
scratchings can often be seen on their rock 
walls. When a glacier reaches a certain level, 
its lower end, or snout, begins to melt and flow' 
away as a river, often hollowing out a beautiful 
glittering blue ice cave. The rock waste, 
brought down in the moraines, is deposited at 
the lowest level reached by the glacier, often 
forming what look like chains of hills across the 
valley. Glaciers advance and recede at different 
periods, and several chains of these terminal 
moraines can often be traced where glaciers are 
steadily retreating or have wholly disappeared. 

Volcanoes : ” Chimney* ” of the 

Earth** Interior, Volcanoes serve as outlets 
for the molten rock of which some part of the 
earth's interior consists. They communicate by 
a sort of pipe, or vent, w*ith lower depths than any 
reached by man in his deepest mines. From the 
crater, or upper end of this vent, eruptions take 
place from time to time. They frequently begin 
with subterranean eruptions, which blow great 
clouds of steam and ashes into the air. The 
falling ashes gradually build up a conical moun- 
tain round the vent. In severe eruptions lava, 
or molten rock, may rise up the vent, flow over 
the rim of the crater, down the mountain sides, 
and over the neighbouring country. When cooled 
it forms a hard rock, on which nothing grows. 
Hiis is gradually reduced to fine soil by the 
processes described, and the soil is extremely 
fertile, probably owing to the presence of 
chemical fertilisers. 

Volcanoes aie very irregularly distributed, but 
are usually near the sea. They occur in the 
polar regions, on the equator, and under the 


sea. They vary in height from 20,000 feet to 
mere hillocks. Geysers somewhat resemble vol- 
canoes in their action, but emit hot water 
instead of lava. 

Maps not showing the distribution of high and 
low land, or relief, are useless for many practical 
purposes. The sailor must know* the depth of tflk 
sea bottom, or he may run aground. Tne cyclist 
wants to know if a given road is flat or has a 
dangerous hill. A railway engineer, or an army 
on the march, w*anta very precise information as 
to the lie of the country. The geographer can 
form no opinion about a country till he knows 
its general relief. The mapping of relief, there- 
fore, is of great practical importance. 

High Land and Low Land, A sea- 
chart is usually covered wdth figures, which 
show at what depth the liottom will be 
found [28]. On some charts lines are drawn 
through all places where the depth is the 
same— 10, 20, ft), or more fathoms, as the ease 
may be [29). Every point on one of these lines, 
which are called cimiour lines, is at the same 
distance above the sea bottom. 

The height of the land above sea-level has 
been more or less roughly ascertained all over 
the world. In civilised countries highly -trained 
surveyors, working under the orders of the 
government, make very minute and exact 
surveys by the aid of delicate instruments 
[see oitrvkyino], and these aw recorded in 
official Ordnance Survey maps. The various 
heights are cither inserted on these maps in 
figures, as in sea-charts, or joined by contour 
lines drawn at given distances. Every point on 
the same contour line is at the same height above 
sea-level. In maps of large area* on a small 
scale, in which only the broad general features 
arc shown, it is sufficient to put in contour lines 
for every 5CX) or 1,000 feet, as the case may be. 
Such a map would be useless to the cyclist. The 
more detail we want to show, the more contour 
lines we must put in, and our map must, there- 
fore, be on a largo scale. Wherever contour lines 
approach each other closely the land falls and 
rises more rapidly than when they are further 
apart. Comparing the contour map and section 
[30, 31], w e see that in the one case the slopes are 
steep, and in the other more gentle. In many 
mofiern atlases the variety of relief is made more 
graphic by colouring the spaces between the 
contour lines, the intensity of the tint varying 
with the height, so that the highest parts are 
the darkest. 

Sometimes hill-shading is used instead of 
contour lines. The steep slopes are shown by 
dark shading, or closely drawn thick lines run- 
ning in the direction of the slope, while gentle 
slopes are indicated by light shading, or by thin 
lines at wider intervals. . 

Contour Maps, A student must practise 
translating contour maps into representations of 
the actual relief. For this purpose it is useful to 
make a few sections from contour maps, which is 
easily done. Figure 80 indicates the relief of a 
district by contour lines drawn for sea-level — 
50 feet, 100 feet, 150 feet, and 200 feet. We rule 
on a sheet of paper five equidistant lines, or, what 
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is better, take a sheet of fine chequer paper [81]. 
We number the lines “sea-level,” “SO feet/* “ 100 
feet,” “ ISO feet/’ “200 feet” [821 Nowsuppose we 
want to draw a section along tne line A K . We 
measure off a line A K along the line represent- 
ing sea-level on the chequer paper, and mark 
oft it the points B, C, X), JS t F f O , H, and J, all 
measured exactly to correspond with the same 
distances along the line A K in the contour map. 

We name them to correspond, and then draw 
perpendicular lines through B and J, which are 
on the 50-feet line in the contour map to the 
60-feet line on the chequer paper. Let us call 
the points where they cut it 2r and J'. In the 
same way we draw lines through G and H to 
cut the 100- feet line in the points C* and H\ 
Similar linos through D and G to cut the 150-feet 
line at 1/ and G\ And finally through E And F 
lines to cut the 200 -feet line in E ' and F'. Each 
point on the contour lines is now represented 
on the corresponding line on the chequer paper, 
and at the proper distance. Wc draw a line 
through the points A f B\ O', D\ E\ G / H\ J\ 
and K , and thereby see what the actual surface 
of the country along the line A B is like. Do 
not forget, however, that the height is probably 
exaggerated. The lines EE' and F F' repre- 
sent only 200 feet, while the line A K may 
represent any distance according to the scale of 
the map. A map made to show the true height 
would generally bo too small to be clear. 
Notice that the long gentle slope of the hill 
corresponds with the less close contour lines, 
and the short steep slope with the closer con- 
tour lines. In 88 is shown a section of the 
same hill along the line X Z. A little practice 
will enable us to read contour maps right off 
without first translating them into sections. 

The Continents. An island is a mass 
of land wholly surrounded with water. The 
greater part of the land on the earth’s surface 
is grouped into two great islands, the Old 
and the New World. The former and far 
larger of these consists of Eurasia in the 
north, separated by ill-defined boundaries into 
Europe to the west (3.800,000 square miles), 
and Asia to the east (17.000,000 square miles) ; 
and of Africa in the south (11,500,000 square 
miles), united to Eurasia by the narrow neck or 
isthmus of Sues. The island of the New World 
is divided into North America (9,000,000 square 
miles) and South America (7,000,000 square 
miles), united by the lon£ narrow isthmus of 
Central America. The island of Australia 
(3,000,000 square miles) is also reckoned as a 
continent. It is believed that an island con- 
tinent (generally called Antarctica) of vast extent 
surrounds the South Pole. Of islands not reck- 
oned at continents the largest is the polar iaUod 
of Greenland (500,000 square miles). Islands 
which rise on the continental shelf may be 
regarded as detached portions of the mainland. 

Land mad Water. By far the greatest 
proportion of land is in the northern hemi- 
sphere, and in temperate latitudes. Only two 
continents, Africa and South America, are 
crossed by the equator, and both narrow 
rapidly south of it. Australia is the only oonti- 
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nent lying wholly in the southern hemisphere. 
Broadly speaking, the northern hemisphere U 
the hemisphere of land, and the southern hemi- 
sphere is the hemisphere of ocean. The earth 
could be bisected in such a way that one hemi- 
sphere contained almost no land, while the othei 
was composed almost equally of land and water. 
In the latter the mouth of the Loire, in France, 
would be approximately in the position of the 
pole. 

In comparing the continents we»at once notice 
certain resemblances. The first is the tapering 
to the south, already mentioned, which is seen 
in Greenland, North and South America, Africa, 
and Australia (Tasmania). Another is the south- 
ward running peninsulas which characterise 
Europe and Asia. We may notice, too, that the 
general lines of the Old World, broad in the 
north, tapering in the south, resemble those o! 
the New World, especially if we include Aus- 
tralia (Tasmania), and compare its position with 
that of South America. There is also a certain 
uniformity in the distribution of relief. Notice 
the so-oafled Mid-World and Pacific Mountain 
systems, which may be traced in the mountains 
of Central Europe, North Africa, Central Asia, 
the islands of tne Pacific from Japan to New 
Guinea, and the lofty mountains of North, 
Central, and South America. 

THE OCEANS 

Five sevenths of the lithosphere are covered 
with water, forming the hydrosphere. •The 
oceans and seas of the world form one great 
ocean, above which the higher parts of the 
lithosphere rise as islands of varying size. 

Area of the Oceans. For conveni- 
ence, this great world - ocean is known 
under different names. The Pacific Ocean 
(70,000,000 sq. miles), the largest, washes the 
western shores of Asia and Australia and the 
western shores of the New World. It com- 
municates on the north with the Arctic Ocean, 
extending towards the North Pole, and on the 
south with the Antarctic Ocean, extending 
towards the South Pole. It communicatee 
round the south of South America with the 
Atlantic Ooean (25,000,000 square miles), con- 
nected, like the Pacific, with the Arctic and 
Antarctic Oceans, which washes the eastern 
shores of the New World and the western 
shores of the Old. The Atlantic Ooean com- 
municatee round the south of Africa with the 
Indian Ooean (17,000,000 square miles), which 
washes the eastern shores of Africa, the southern 
shores of Asia, and the western shores of Aus- 
tralia, south of which it is connected with the 
Pacific. Various mat gulfs of these ooesas axe 
known as seas. We notice the Caribbean Sea 
with the Gulf of Mexico, sometimes called the 
American Mediterranean, enclosed between 
Central America and the West Indies; the 
North Sea, enclosed be twe en the British Isles 
and Europe, and the Mediterranean, enclosed 
between Southern Europe and Northern Africa. 
All theee are gulfs of the Atlantic. In the 
Indian Ooean we see the long, narrow, almost 
land-locked Red Sea, between Asia and Africa. 


To bo oamtmmed 
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Group 10 

ELECTRICITY 



TYPES OF ELECTRIC CELLS 

Including: Volta’s Cell, Leclanchd Cells, DamelTs Cell, Dry 
Cells, with instructions regarding the care and testing of cells 


By Professor SILVA NUS P. THOMPSON 


IN the article M How Electric Currents are 
1 Generated,” It was pointed out that in 
order to set electricity flowing as a current, it 
is needful to provide some contrivance such as a 
dynamo or a battery which is capable of setting 
tne electricity into movement, or, in other 
words, can exert an electramotive^force, or electric 
effort. Dynamos are mechanical contrivances 
for exerting an electromotive -foroe to drive the 
current along the circuit. Batteries are chemical 
contrivances to do the same thing. They are 
sometimes called galvanic batteries in honour of 
the Italian, Galvani, who was a pioneer in the 
discovery. Sometimes they are called voltaic 
batteries , in honour of Count Alessandro Volta, 
who was their actual inventor. Both terms refer 
to the same thing. The electric current itself 
was at one time called the galvanic current, or 
the voltaic current, for the same reasons. 

The Cell. Every battery is made up of a 
number of separate cells joined together ; and 
It is in the cells that the chemical operations 
proceed which propel the electricity around the 
wires constituting the circuit. The cell is the 
source of the electromotive-force which drives 
the current. In accordance with the principle 
that the production of electric energy requires the 
consumption ^or expenditure of an equal amount 
of energy of some other kind, we have to regard 
the ceil aB an apparatus in which energy that 
has been previously stored is liberated by 
chemical action and transformed into electric 
energy. 

Every schoolboy knows that every kind of 
fuel is a store of energy. Coal represents the 
energy of the sunlight in past ages stored up 
ohemioally, every pound of coal containing some 
ten million foot-pounds of energy. Every other 
kind of fuel is likewise a store of energy, which, 
when it is burned, it gives out in the form of 
heat. In a cell the fuel which constitutes the 
store of energy is the metal zinc. Zino will 
bum. A bit of zinc foil when lighted bums 
with a brilliant blue flame, giving out heat and 
light : so we know that it is a Fuel. But as a 
fuel it is inferior to ooal, for one pound of zinc 
will give out when burned only about 1,800,000 
foot-pounds in the form of heat. 

The Emission of Energy. In our oells, 
however, we do not want heat, and we do not 
aet the line to blaze. We cause it to bum in a 
quiet, cool chemical manner by dissolving it in 
acid or in some suitable chemical solution. In 
this case the chemical union of the metal with 
the oxygen or with the chlorine of the liquid is 
not called combustion ; it is called chemical 
combination. The point of importance is that* 
when we cause the sine to consume quietly by 
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chemical combination in the cell, it gives out 
its energy not as heat and light, but silently 
in an electrical way, expending the energy 
in pushing the current around the circuit. 
If a cell is badly constructed so that it offers 
within itself a considerable resistance to the 
flow of the current, it will get hot in operation, 
which is undesirable. A cell is a sort of little 
electro-chemical furnace, in which zinc is the 
fuel, and in which if it be properly designed, the 
consumption of the fuel is slow, quiet, and cool. 

Volta’a Celia. To make a Volta’s cell, 
very simple appliances are needed ; but to find 
out by experiment what it will do needs more 
expensive apparatus. Procure a piece of sheet 
copper, say 6 inches long and 2 inches wide, 
and a piece of sheet zinc about the same size. 
Take also a common jam-pot or a glass vessel 
of similar style, say 4 inches in diameter and 
5 inches high. A glass jar is preferable, because 
it lets the interior be seen. Some copper wire — 
common bell wire, for example — not too thick, 
should be procured. A few feet of No. 24 
standard wire-gauge will suffice. Two clamping 
screws should be procured by which to attach a 
bit of copper wire to each of the metal plates. 
As exciting liquid for the cell there should be 
provided 2 oz. of sulphuric acid, diluted down 
to one-fifth strength by carefully adding it a 
little at a time to 8 oz. of water. It will be 
necessary to provide also a few drops of quick- 
' silver. 

Practical Experiments. By way of pre- 
liminary experiments, fill the jar to about 4 
inches deep with the dilute acid. Then dip the 
copper plate into it, holding it upright, and 
watch its surface. Nothing will happen ; but 
the acid will clean the surface of the copper, 
which when taken out after a few minutes may 
be dried with a rag. Now try dipping into the 
acid, in the same way, the zinc plate. If the zinc 
is ordinary commercial sheet zino you will see 
that at onoe a number of small bubbles form on 
its surface and come fizzing to the top. The 
zino is, in fact, being consumed by the acid; idly, 
without the production of any useful result in the 
way of an electric current, and the energy of the 
portion consumed will turn into heat, as will be 
discovered if the zino be left in too long; for the 
acid in the jar will grow hot as the zino dissolves. 

Now remove the zinc sheet from the acid, lay 
it down on a common plate, and pour upon it 
one drop of quicksilver, then with a bit of rag 
nib the quicksilver over the zinc. of 

running off it will stick to the zinc, and can be 
spread all over it, making it shine almost like 
silver. This operation is called amalgamating 
the zinc, and it makes it beautifully clean. U 


you now try the effect of dipping the zinc once 
move into the dilute acid you will find that if 
you have cleaned the whole of the surface that 
is immersed, the acid will not now act on it, 
and no more hubbies will rise from it In fact 
pure zinc is not consumed when put into dilute 
acid. The bubbles that arose from the dirty 
zinc were hydrogen gas, a product of the chemical 
action upon the dilute acid. 

Experiments with Voltm’a Cell. So 
far we have been experimenting with the 
metal plates separately. We must now make 
up the Volta’s cell by putting into the acid in 
the jar both of the metal plates at once. They 
should be put in separately, and supported with 
bits of wood or otherwise held so that they do 
not touch one another, and so that the upper 
end of each of the plates stands above the level 
of the liquid. 

A Volin's cell consists of two plates of different 
metals — in our case zinc and copper — dijrping 
into dilute acid (or other corrosive liquid) in a 
suitable containing vessel. Our cell [ 4 ] answers 
to this description. If we look at it we shall 
see that as arranged neither of the metals 
is consumed. There are no bubbles given off, 
neither is any electric current generated. Now try 
the effect of letting the top of one of the metal 
plates touch the top of the other. 'Hie moment 
they touch something happens : there will be 
seen a rush of minute bubbles which fizz off 
through the acid. Observation will show that 
these bubbles are now formed not on the surface 
of the zinc but on the surface of the copper. Is 
the copper then being consumed ? Not at all. 
If you will make a special investigation by 
working with plates that have been carefully 
weighed on a delicate balance before the experi- 
ment and are weighed again after it, you will 
find that though the hydrogen bubbles fizz off 
from the copper it is the zinc that will have 
lost weight, some of it having been consumed. 

Try the effect of making the two plates touch 
one another under the liquid instead of above 
the surface. You will find that the same effect 
results as before. Now try whether this effect — 
the chemical action evidenced by the evolution 
of bubbles — happens if, while keeping the two 
plates apart, you bring a third piece of metal 
into contact with both of them so as to form 
a bridge between them. To serve as bridge you 
mty try another strip of sheet metal, or a bit of 
copper wire. You will observe that if there is 
a metallic bridge joining them, the effect will 
be just the same as if they were to touch one 
another — bubbles will rise from the copper plate 
when contact is completed, and they will stop 
rising when contact is broken. Try with other 
kinds of metal ; a clean iron nail, a dirty nail, 
a silver florin, a bit of lead pipe, a brass knob. 
You will find that any metal will answer, pro- 
vided it is clean, so that it makes a good metallic 
contact. 

A Wire Circuit. Now attach (preferably 
by clamping screws or terminals , or failing these 
by soldering, or riveting or squeezing on) to 
each of the plates a piece of copper wire, as 
shown In 4 . Once more observe the cell, and 


see what happens when the two ends of the 
wires are made to touch one another. The effect 
will be just the same as before. When they 
touch, bubbles will rise, showing that chemical 
action is going on in the cell. As soon as they 
are parted, the chemical action will stop. 

Now try whether this effect will occur if you 
use very long wires. Let the wires lie long 
enough to reach into the next room, and get a 
friend to help you in the experiment. I? he, 
in the next room, brings the ends of the wires into 
touch, at that moment you will see the rush of 
bubbles on the surface of the copper plate in 
the oeil. You could readily contrive a secret 
sort of telegraph this way, by agreement as to 
signals made by these evolutions of bubbles! 
Only you must be careful that the two wires do 
not accidentally touch one another. It would, 
in fact, in this experiment be better to use 
insulated wires that have been protected all along 
by being overspun with a layer of cotton (better 
still double-covered with two layers). 

In experiments such as them' we begin to 
realise that something really goes on in the 
wire at the time when the chemical action goes 
on in the cell. We see that the circuit plays 
an important part in the operation. In fact the 
chemical action — that useful chemical action 
which drives the current — does not occur unless 
there is a complete circuit from the zinc surface, 
where the energy is being given out, through 
the liquid to the copper, and then round the 
conducting wires back to the zinc. We have 
got our first notions of an electric circuit. 

Simple Experiment# with a Bell. 
For the next experiments we shall need an 
ordinary electric trembling bell— a well-made 
one. We shall also want an ordinary electric 
bell-push to serve as a key or switch to complete 
the circuit. Let us first find whether our Voltaic 
cell will generate a strong enough current to ring 
the bell. Take some copper wire and join up 
a circuit with a wire from the copper to the 
bell-push (screwing the end of the wire to one 
terminal), another wire stretching from the 
second terminal of the push to one terminal of 
the bell, a third wire returning from the other 
terminal of the bell to the zinc of the cell 
as in 9. When we have joined up our circuit 
rightly with good, cloan metallic joints, then 
let us press the button of the push to complete 
the circuit. The bell ought to ring. If it does 
not one of three things must be amiss : either 
our Voltaic cell is not pBverful enough, or the 
bell is out of order, or there is something wrong 
with the circuit. 

We can easily test whether the bell is at fault 
by trying to ring it by substituting for our 
Voltaic cell some known suitable good cell such 
as a Lecianch£ cell (of which we shall learn 
later). If the Leclanch6 cell will not ring the 
bell, we must examine the mechanism of the 
bell to see if the adjustment is faulty— or else 
procure a new bell. 

Having made sure that the bell will ring when 
the button is pressed, next take a number of 
Voltaic cells, two, three, or four of them, joined 
up in a row, the copper of one to the zinc of 

463 



'•r 

' ' ■■ -, w/r •■- ■' v J * ; *•.■*. .-C ' 


MFJF 

tbe next a* in 10. end to on, *> that the 
current from the first flows on through the 
second and then through the third, in series. 
We have thus built up a battery of cetU, and 
when we try them on the bell we shall find that 
it ring* more powerfully than with one oell. 

Further Experiments. Try the effect 
of leaving the circuit completed so that the beQ 
goes on ringing. If the oell used has been 
newly made up, it will begin to ring vigorously, 
but in a few moments will ring more feebly 
and then stop. In fact, a Volta’s cell of zinc 
and copper is veiy inconstant, and runs down 
quiokly. It will recover again in a few minutes 
il allowed to rest with the circuit open , but if 
you leave it short-circuited (that is, with its 
circuit closed ), it will run down worse than ever. 

Try whether lifting either of the metal plates 
out of the acid will make the cell recover ; you 
will find that lifting out the zinc does no good, 
but lifting out the copper for a few minutes 
and then putting it in again has a beneficial 
effect It helps the copper to get rid of the 
adherent film of hydrogen bubbles which is the 
cause of this falling off in power. Now try some 
more ex)>eriments. Find whether it makes any 
difference to the bell if the circuit is altered so 
as to go to the bell before it goes to the push, 
or if the push is near the bell instead of being 
near the cell, or if the connections to the cell are 
reversed. 

Next procure a simple table galmnometer , or 
detector galvanometer, such as can be bought 
for three or four shillings. A galvanometer [see 
Chapter on Electrical Measurement] is an 
instrument which, when we pass an electric 
current through it, will indicate on a dial 
whether there is a current or not, and whether 
the current is weak or strong. 

Take such a galvanometer and join it up 
{ll]in circuit with the Voltaic oell and with 
a press-button, by copper wires, just as you did 
before. When you press the button, and so 
make the circuit, you will see the galvanometer 
needle swing to one side, and if you keep the 
button pressed down the needle will settle down 
pointing in an oblique direction at one side of 
the zero on the dial. When you release the 
button and so break the circuit f the current 
stops, and the needle flies back to the zero of 
the dial. 

Now try the effect of reversing the sense of the 
cell ; loosen the copper wires from the terminals 
and join to the zinc the one that was connected 
to the copper plate, and join to the copper 
the one that was joined to the zino [12]. On 
again pressing the button, the needle of the 
galvanometer will be deflected — but in the other 
direction on the scale. 

Conductors mad Noa • conductor*. 
Having a galvanometer and a oell we can now 
try a number of substances to see whether they 
will conduct or not We should join a wire 
from one terminal of the cell to one terminal of 
the galvanometer, and then fasten to each of 
the unoccupied terminals a pieoe of wire a 
foot or two long. If we were to oomplete 
the circuit by bringing together the two free 


of these two pieces of wire the galvano- 
meter would at once show the presence of a 
current 

But if, instead of soaking them touch one 
another, we bring them both to touch a third 
substance, if that substance is a conductor it 
will complete the circuit by making a conducting 
bridge between the two wires. Lay down a coin 
on the table, and bring both the wires to touch 
it ; at once the galvanometer will show a current, 
because it conduct*. Try other coins or pieoes 
of metal. All metals conduct. Try a pieoe of 
wood, or glass, or porcelain. None of them 
conduct : they are called non-conductors or 
insulators. Try a piece of leather, a cork, a 
piece of chalk. Try dipping the two ends of 
the wires into water or vinegar. Water (unless 
chemically pure) and all wet things will conduct ; 
but we may not be able to observe the current 
through them unless we use, instead of one cell, 
a battery of several cells. 

If we use a battery of several cells, it will 
become more evident that all moist things 
conduct the current. But it is now time to 
speak of better cells than the simple Volta cell ; 
for it has already been shown to be unsatis- 
factory for continued use on account of its in- 
constancy. In fact, if it be tested with a cell- 
testing voltmeter [see Electrical Measure- 
ment], though when newly set up it may show 
an electromotive-force of over 1 volt, its electro- 
motive-force will have dropped to about 0*62 
of a volt, when its oopper pole has become 
covered with a film of hydrogen. 

Leclanchd Cell. This cell is made in 
millions for use in electric bell work. Its general 
form is seen from 6. The fuel consumed in 
it is zinc— in this case a rod of zinc with a wire 
oast ia at the top [6]. This rod stands in a 
oontaining-pot of glass [7], and dips into a 
liquid made by dissolving in water some crystals 
of sal ammoniac. This liquid is lees corrosive 
than dilute sulphuric acid, but acts for this 
purpose equally well as an excitant. No copper 
plate is used, but instead there is a slab of hard 
carbon having a terminal screw fastened into 
its upper part. But this carbon plate does not 
dip directly into the excitant liquid. If it did, 
we should have the same old trouble of the 
hydrogen bubbles interfering with the action of 
the cell. To avoid this it must be embedded 
in a substance called a depolarizer , which in 
this case consists of a granular mass of 
crushed carbon and black oxide of manganese. 
As this granular mass must not be allowed 
either to fall to the bottom of the cell or to 
touch the zinc, it is packed up around the carbon 
plate inside an inner pot of porous porcelain, 
as shown in 8. This pot is porous so as to 
let the excitant soak through, and also to let 
the current pass ; for non-porous porcelain 
would be a non-conductor. 

The depolarizer is for the purpose of destroying 
the hydrogen bubbles formed during the wonting 
of the cel! ; so that during the periods of rest, 
when no current is being taken from the oeU, the 
carbon plate may become depolarized, that ia, 
freed from the interfering films of hydrogen gas. 
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4 good Leolaiioh£ cell wlU have an electromotive* 
force of 1*45 volts. 

Care of Loclanchl Colie. The porous- 
pot form of Leclanchl cell is to be obtained in 
three sizes, known as pint-size, quart-size, and 
three-pint size. Of these the quart-size is most 
general ; it is about 54 inches high, and the 
glass jar is about 3) inches each way. This cell 
may be purchased complete for Is. 9 d. It is 
usual to prepare the cell for use by two pre- 
liminary operations. The first is to coat the 
top rim of the glass jar while hot with paraffin 
wax, or else with some bituminous preparation, 
in order to lessen the tendency of the liquid to 
creep and leave, on evaporation, a crust of 
crystals on the edge. The second process is to 
clean the rod of zinc by amalgamating its surface 
with quicksilver, as already described. This is 
advisable, but not absolutely necessary ; but a 
dirty or impure rod is liable to consume away 
irregularly, owing to local corrosion. 

The exciting liquid of the Lcclanch£ cell, a 
solution in water of sul ammoniac (also called 
chemically Ammonium chloride) is readily made 
by dissolving in warm water cnrstals of this 
substance, which can be bought of any druggist. 
But it is better to procure the crystals from the 
firms which supply the cells, as they will furnish 
sal ammoniac guaranteed to be free from lead 
salts, which are detrimental to the working of 
the coll. From three to four ounces of crystals 
will suffice for a cell of quart-size, and will give 
a saturated solution. After the liquid has hecn 
poured into the cell a few hours will elapse 
before the cell is in full working order, as it 
takes times for the liquid to percolate fully 
through the porous pot. 

Cells once set up, and used for intermittent 
work, such as ringing electric bells, will last 
for months or years, needing little attention 
except occasionally pouring in a little water to 
replace that which has evaporated. It is also 
well to dear out from the bottom of the outer 
pot once every six months any sediment that 
may have settled there, and to add a few 
crystals of sal ammoniac. The zincs also are 
benefited by being scraped clean. 

In places where a large number of cells are 
sot up in series, as in testing laboratories, great 
importance must be attached to the insulation 
of one cell from another. In such a case as this 
the cells are set up in sets of ten in wooden 
trays, each tray being separately mounted on 
glass insulators. 

Anode and Kathode, To distinguish 
between the two dates or electrodes of a cell, 
the name anode (wliioh means way-in) is given 
to that plate or rod by means of which the 
ourrent enters the liquid; while the name 
kathode (meaning way-out or way-down) is 
given to that plate or rod by whioh the current 
lea yes the liquid to go to the circuit. In 
ordinary cells the anode is always zinc. 
Anodes dissolve : in fact, it is their solution 
which furnishes the energy of the current. 
Kathodes are not attacked : on the contrary, 
they usually reoeive a deposit, in some cases of 
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metal, in other cases of hydrogen gas, unlees 
surrounded by a depolarizing material. 

As ail cells are not equally good it is needful 
for the student to know how to test them. 
Tests are needed to ascertain two things: 
(1) the value of the electromotive-force of the 
cell, (2) the amount of current it can give. In 
other words, it is desirable to test the volts and 
the amperes. 

Testing Cells, To teat the electromotive 
force of a cell there is needed a low-reading 
voltmeter [see page 292], graduated to read from 
0*5 volts to 2*5 volts, it is applied to the cell by 
two wires when the cell is on open circuit , that is, 
when the cell is disconnected from the circuit and 
is giving no current. A Leclanchl cell should 
show from 1*45 to 1*4 volts when in good con- 
dition as new ; but after running for some time 
and getting spent it may show an electro- 
motive -force as low as 1*2 volts or even lower. 
A Darnell s cell will show about 1*1 volts ; a 
Fuller cell about 1 *8 or 1*9. If no stable volt- 
meter is available a good electric bell, if its 
coils are wound with very fine ware, may be 
used to test the cells ; any ceil which has a low 
electromotive-force wall ring the bell feebly 
compared with a cell of higher voltage. 

It is quite possible for two cells that are both 
alike as to their electromotive-force to give 
unequal currents, because, though the effort in 
each of them may be equal, if one of them offers 
a higher internal resistance to the How of 
current than the other one does, it cannot yield 
as many ampereB. If the porous pot in a cell 
is not porous enough the cell may be found 
almost incapable of giving a good current, and 
yet the chemicals in it may be all right and its 
voltage up to the right value. To test the 
number of amperes that a cell can give there is 
needed an amperemeter [see 3, page 292]. 

Fuller's Bichromate Cell. This is a 
more powerful oell than the Leclanch6, but is 
more costly, and contains corrosive acids. As 
before, the material which serves as fuel is zinc. 
A solid rod of zinc stands [13] in an inner porous 
oell containing dilute sulphuric acid as excitant. 
Into this inner cell are also poured two ounces of 
quicksilver to keep the zinc surface bright, and 
prevent wasteful local action. In the outer pot, 
which is of quart size, stands the plate of carbon, 
and around it are poured four ounces of crystals 
of bichromate of potash (a powerful depolarizer), 
and four ounces of sulphuric acid, and then it is 
filled up with water. This cell has an electro- 
motive-force of 1 *9 volts. 

In an earlier and very similar cell invented by 
Grove the depolarizer was nitric acid, and he 
used a platinum plate where in modern cells we 
should use the cheaper carbon. 

Daniell'a Cell. A cell of very constant 
properties is that invented by Daniel]. It 
depends on the property that there will be no 
polarization — that is, no counter electromotive- 
force due to hydrogen films— if the metal plate 
is immersed in a suitable solution of a salt of 
the same metal To attain this the oopper 
{date is immersed in a solution of the blue 



crystals of sulphate of copper, and the zinc 
dips into a solution of sulphate of zinc. 

The sulphate of zinc solution acts as excitant, 
the sulphate of copper as a depolarizer. To 
prevent the two liquids from mixing they must 
be separated by a porous pot. Figure 14 
illustrates one of many different forms of 
DanielTs cells, which are sometimes made narrow, 
so that a whole battery of them can stand 
compactly in a row in a tray. The zinc should 
oe amalgamated with quicksilver to keep it 
bright. It slowly dissolves when the cell is 
giving out a current, and copper is slowly 
deposited on the copper plate by the current 
which decomposes the sulphate of copper in the 
solution. In 14 are shown a quantity of crystals 
lying in the bottom of the cell. The reason for 
putting these there is that they may act as a 
reserve: they will gradually dissolve as the 
copper in the blue liquid is deposited on the 
copper kathode. The electromotive -force of a 
Daniell’ 8 cell is usually about 11 volts. 

Dry Cells. In recent years cells have 
been introduced under this name ; but they 
should be called unspillable rather than dry, 
because they will not work unless they are 
moist inside. They are all modifications of the 
Leclanche cell, having zinc as the anode and 
carbon as the kathode. Figure 15 gives a section 
of the most common variety invented by Hitch- 
cock. In this cell there arc two pulpy or plastic 
layers touching one another. A white one next 
the zinc contains chiefly plaster of Paris with 
sal ammoniac as an excitant, and a black one 
next the carbon contains finely-powdered carbon 
and blaok oxide of manganese. Some hygro- 
scopic material such as chloride of zinc is added 
to keep these layers moist. The cell is closed at 
the mouth with a layer of pitch, leaving a small 
vent-hole to permit the escape of gas bubbles. 

The Cell ae a Source of Energy. The 
consumption of the zinc furnishes the energy which 
the cell gives out. We have seen already that 
electric power is always made up of two factors — 
the effort-factor, which in this case is the electro- 
motive-force of the cell, and the quantity-factor, 
which iB the current that is drawn fromthe cell. 

The electromotive-force depends solely on the 
chemicals that are used in the cell ; thus in the 
Daniell cell, where we have zinc working against 
copper, the nett electromotive-force is 1*1 volts ; 
but in the Leclanche cell, where we have zinc 
working against black oxide of manganese, the 
nett electromotive-force is about 1*45 volts. 
The current given out by any cell depends (as 
we shall see in the chapter on the Electric 
Circuit) not only upon the electromotive-force 
of the cell, but also upon both its resistance and 
the other resistances in the circuit. 

The larger a cell is, the larger will be the metal 
surfaces which come into working, and the less 
will be the internal resistance which the liquids 
inside offer to the flow of the current from one 
metal plate to the other. If the resistances, both 
that inside and those of the outer circuit, are 
kept small, then the current that flows from the 
cell will be large. The power given out by the 
cell at any moment will, as explained in Article 2, 


be the product of the number of volts of the 
cell into the number of amperes that are being 
drawn from it. Thus, if we are drawing 5 
amperes from a Leclanche cell, of which the 
electromotive-force is 1*45 volts , the number of 
volt-amperes, or watts, with which it is working 
will be 1*45 times G, that is, 8*7 watts. 

Energy from Primary Battering* 
Now from this we can calculate the cost of 
getting energy from primary batteries. Let 
us remember that 1000 volt -amperes for one 
hour are one Board of Trade unit Hence, if 
we were using a cell that had an electromotive- 
force of one volt we should get from it one unit 
of energy if it gave ono amj>ere for 1000 hours. 
Now, experiment shows that in any cell where 
zinc is used the amount of zinc consumed usefully 
(leaving waste by local action out of account) is 
2*66 lb. for every 1000 ampere- hours. But if we 
had a cell working with a bigger electromotive- 
force, we should get our unit of energy with a 
smaller number of am pore- hours. Thus, if we 
could use a cell of two volts electromotive-force, 
it would give us a unit of energy with only 500 
ampere-hours of current, or a consumption of 
only l*331b. of zinc. Hence to calculate the 
quantity of zinc needed in any cell in generating 
one unit of energy, we must take 2*66 and divide 
it by the number of volts at which the cell works. 
The corresjwmding num tiers of pounds of other 
materials consumed are : sulphuric acid, 3*90 lb.; 
sal ammoniac, 4*18 lb. ; bichromate of potash, 
4 11b.; oxide of manganese, 7131b. In the 
Danicll’s cell the corrwqx aiding quantity of 
copper deposited is 2*57 lb. 

Coat of Electric Energy from Celle. 
Let us then calculate the cost of one unit of 
electric energy if given by a battery of Leclanch4 
cells. Let us put the prices as zinc, 3} d. per lb. ; 
sal ammoniac, &d. jier lb. ; oxide of manganese, 
2d. ])er lb. Then we shall use of zinc, 2*66 -r 
1*45 1*83 lb.; of sal ammoniac, 4*18 1*45 m 

3 38 1b.; of oxide of manganese, 7*13 -r 1*45 
= 4*9 lb. The costs will U) zinc, GJd. ; sal 
ammoniac*, lid. ; oxide of manganese, 9 ; 
total , 2s. 91 d. And this is for one Board of 
Trade unit, for which the electric lighting com- 
panies may not charge more than Md.,and of which 
the usual supply price is now generally less than 
Ad. Clearly Leclanch6 batteries will never compete 
with dynamos in the supply of electric light. 

In the case of a battery of Daniell’* cells, the 
weights are: zinc, 2*66 r 11 - 2 421b. ; sul- 
phate of copper, 6*5 -f 1*1 = 5*91 lb. ; and the 
deposited copper 2*57 + 1*1 - 2*33 lb. The 
zinc will cost 8 \d. ; the sulphate of copper at 
2d. per lb. will coat lljd. ; together la. 8Jd., 
but from this we must deduct 5 a. for the copper 
deposited from solution, so that the nett cost of 
one unit, if furnished by a battery of Daniell 
cells, would be Is. Z\d. Even if a cell could be 
found that would work at 2} volts, the cost oi 
zinc alone (to say nothing of acids, maintenance, 
supervision and standing charges) would be over 
3 \d. per unit, so that no primary battery using 
zinc will be able to compete with the electric light- 
ing stations in the public supply of electricity. 

To be continued 
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^r^n s OBJECT DRAWING, WITH PRACTICAL GEOMETKv| 


A First Practical Lesson in Offset Drawing, Cabs and 
Square Prism. Linos, Angles, and Proportionals la Geometry 


By WILLIAM It COPE 


Drawing a Simple Group. We shall 

now explain the method of drawing a simple 
group as shown m 07. The student must 
obtain real object* from which to draw, and ought 
not to copy 67, for he ought now to learn 
to draw from the “ round. A box and a 
rectangular sheet of paper will serve as models. 
Place them upon a table at a distance of eight or 
ten feet away, so that the top of the cube or box 
is somewhat below tho eye level. The objects 
need not necessarily be exactly of the same pro- 
portions as in 07. The drawing should nearly 
fill a pieoe of paper not smaller than quarter 
imperial (15 in. by 11 in.), and larger paper will 
be required later. When an artist commences a 
sketch of a landscape he determines where the 
four boundaries of his picture and tho position 
of the horizontal line will come in the scene 
before him. The latter can be ascertained by 
holding a stiff piece of cardboard horizontally, 
etc., as previously explained, and the boundaries 
by cutting in the cardboard a rectangular opening 
of the same ; proportion as the canvas or paper — 
e.g., if the canvas be 15 in. by 12 in., tho opening 
should lie 5 in. by 4 in., then, holding the card- 
board vertically and adjusting its distance from 
the eye, the four edges of the opening will show 
which objects of the scene will come just on the 
boundaries of the picture. The same method 
may be used with the cube and l>oard [68], and 
more especially as a test, after judgment with the 
eye alone, of the proportions of the objects and 
tne various directions of their edges. 

The right and left-hand boundaries of the 
group [67] are the imaginary vortical lines QP 
through B and NO through D. These two 
vertical linos should be drawn first, about an 
inch from the edges of the drawing-paper, which 
ensures the paper being fairly well filled with the 
drawing, and also determines the scale of the 
latter. 

Importance of True Proportion. All 

representations of masses, edges, etc., must 
henceforth be kept in true proportion with this 
scale. Now make a few preliminary, but careful 
and searching observations of the general pro- 
portions — e.g. the width OP or TB of the group 
is about three and a third times the height LS ; 
the vertical edge EH is very nearly equidistant 
from the comers D and B ; the edge GM about 
midway between the corner D and the edge FK ; 
and the comer A is much nearer to the left-hand 
side of the group than to the right. All these 
measurements are of course only as they seem to 
the eye from the point of observation ; they are 
the apparent not the real distances. 

The student must assiduously persevere in 
making these snd every judgment first with the 
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eye alone, and afterwards test by measuring with 
the pencil held as already advised. The mind 
being stored with these important facts, the 
exact position of the comer A should be observed 
by comparing the distance OA with AP. It will 
be found that AP is about four and a half times 
OA . In testing this the ascertained length OA 
should be carefully stepped along AP , and it is 
most important that tne pencil should be held 
correctly, (see dotted line drawing of hand and 
pencil in 07), not slanting away because the edge 
recedes. 

The Three Moat Important Points. 

The position of A should now be marked on 
the drawing paper, by making the space between 
it and QP four and a half times that between it 
and .VO. Do not use the cumbersome and un- 
satisfactory method (which does not train the 
eye) of taking a measurement from the objects 
and then some multiple of it to suit the scale of 
the drawing. Next obtain the slope of the 
edges AB and AD, by observing that the comei 
B is apjtarenily slightly lower than D, the 
apparent size of the space between O — level with 
A —and D is two-twirds of 0.4, and that PB is 
about one -fifth less than OD or a little more than 
one half of OA . To test, hold the pencil vertically 
to obtain apparent length of OD and PB, and 
horizontally to compare them with OA. Then 
mark these positions on the respective vertical 
lines in the drawing, in the same proportion with 
OA already obtained, and the three most 
important points are thus determined. 

Now fix the position of the horizontal line by 
comparing the distance AU with AP, and as a 
check LV with AO. Then draw the lines AB 
and AD ; these, if continued to the line HL 
extended, would give their respective vanishing 
points, which are, as in 67, very often outside 
the limits of the drawing-paper, but with care 
their position may be judged. Afterwards draw 
DC very slightly converging with AB, and BC 
more quickly with AD. The larger the angle at 
whioh parallel edges reoede the more quickly 
they appear to converge, a* AD, BC ; and the 
more nearly they appear horizontal, as AB , CD, 
the less quickly they converge. The intersection 
of BC with DC gives the position of C. 

Next apply a few teats to the drawing, as any 
inaccuracy not corrected at this stage will 
cause great trouble when drawing the cube. 
For instance, test by holding the pencil vertically, 
whether the distance A W from the front comer 
to the back edge is in true proportion with AO, 
not as in 66 ; and that the back comer C is 
opposite a point on the front edge, so that XP is 
two-fifths of AP, or two-thiids of AX. Then 
sketch the lines to show the thickness of thq 
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board, and keep the very short lines at the 
comers vertical, not as in 69. 

Drawing the Cube. In drawing the 
cube, first determine the position of the corner 
E, by comparing the space between D and E 
with that between E and B , or AE with AD , or 
AE with EB. E is much nearer to the front 
edge at Y than it is to the back, and is nearly 
uidistant from D and B. In 69 the position 
E is quite wrong. Now draw the lines EF 
and EQ. The board being correctly drawn, it 
is quite easy to determine the direction of the 
two edges which they represent, for it will be 
noticed that EF recedes towards a point R not 
far from the comer C, and EQ directly towards 
the comer D. Next ascertain the apparent 
length of EF, which is about equal to the aist&nce 
FC, and of EQ, which is about two-thirds of GD. 
Then draw a vertical line through each of the 
points Q , E, and F, also observe that EH is 
apparently rather longer than EQ. The height 
of QM and FK can easily be settled by drawing 
HM converging with EG, and HK with EF, to 
their respective vanishing points. From M 
draw ML converging with HK and EF, and 
from K draw KL converging with HM and EG, 
thus obtaining the apparent shape of the top 
surface. Do not lie afraid of producing these 
lines some distance right and left, as in 67, in 
order to aoo whether they are converging properly. 
Now hold the drawing vertically at arnvs length, 
compare it carefully with the group of objects, 
correct any inaccuracies, clean up, and finish 
with a soft, broad, grey line. 

The Secret of True Drawing. The 
secret of making a true drawing lies in the most, 
careful and searching observation of the pro- 
portions between various spaces, and the proper 
convergence of lines which represent what are 
really parallel edges. Do not be satisfied with 
a comparison hot ween one part and one other, 
but make it between one part and several others. 
The mistakes generally made are such as are 
shown in 69, where, besides those already men- 
tioned, *4# and DC are diverging instead of 
converging towards the right, and AD, BC do 
not oonverge to the left, thug causing the board 
to appear warped and wider at the right end. 
The edges EF, HK, are converging towards the 
right, but ML is not ; also EQ, HM, KL, are not 
converging towards the left, while QM, EH, FK 
ought to be vertical. If the invisible back edges 
were represented it would be seen that tho back 
comers of the cube would appear to be beyond 
the back edge of the board. The space DO is 
too small, AD is too long and slanting in the 
wrong direction. The point *4 is too far to the 
left There are other errors which an observant 
eye will easily detect. 

Tho Square Priam. In 70 to 78 we give 
various appearances of the square prism, an 
object which is square at its ends, and has an 
oblong for each of its four side surfaces. The 
method of drawing this is similar to that of the 
oube, but special attention should be given to 
the fore-shortening of the long edges in particular 
views, as in 78 and 74, where the long edges AF , 
BO, DE, are represented by shorter lines than 
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AB, BC, CD, DA, those for the short edges. 
Compare the drawing of the cnbe with that of 
the square prism in 74 ; both are views Been 
when the spectator is directly opposite the square 
surface, but the objects are below the eye level. 

Figure 76 represents the prism resting on one 
of its short edges. In 79 we have a more 
difficult view of the prism resting on one of its 
comers on the board, and its under surface 
leaning against one top edge of the cube. The 
board ana cube will give little trouble to draw, 
but observe that the front and back edges of the 
board do not converge, because they are not 
receding from the observer, while the side edges 
do so rapidly. In this case we have the two 
extremes, one where apparent convergence takes 
place most rapidly and the other where there is 
no convergence at all. The student should place 
the objects as indicated, and observe that the 
edges AB, DC, FN are apparently converging 
downwards to the right, AD, BC, FE downwards 
to the left, and AF, BN, DE upwards to the 
left. Even without a knowledge of advanced 
perspective the position of each set's vanishing 
point can be determined, if careful attention be 
given to the apparent direction of any two 
edgeB in each set. 

Drawing the Priam. Assuming that the 
board and cube are drawn, begin the drawing of 
the prism by obtaining the position of the comer 
A, and next the Hlant ana length of the three 
edges AB, AD, AF, each of which belongs to 
a different set. Notice that D is rather higher 
than K , and KD is about two-thirds of KH ; AB 
is three-fifths of AD : while *4F is three times as 
long as A B ; and the comer C is almost vertically 
under A and level with K, thus determining the 
direction of BC and DC. The point E is to the 
left of Q, but higher, and the distance EQ is 
equal to KD, which gives the direction of FE 
and DE . The direction of DE could be found 
by observing where it cuts the edge HM of 
the cube. Draw FN converging with AB and 
DC, and BN converging with AF and DE. 
Each set should converge as shown in 79. 

Having mastered these geometrical solids, the 
student should draw from objects similar in con- 
struction ; such as rectangular boxes, bricks, 
Itooks, stools, chairs, tables, doors, cupboards, 
steps, easels, tanks, and picture frames. Some of 
these are shown in 80 to 86. He should analyse 
each object and endeavour to find some simple 
lines of construction ; draw these first correct in 
proportion and perspective, as indicated by small 
sketches in 80 to 85, the study of which will 
teach him much more than hundreds of words. 

PRACTICAL GEOMETRY 

Angles, end Propor ti onals. 

The following a»e prel.minary exercises which 
will often be required in succeeding problems : 

86. To Bisxct a givxn Lnnt AB. The best 
way is to do it by trial with the compasses. 
Another method, 86 A and B. With centre A 
and any radius longer than half tire line describe 
an arc. With centre B and same radius intersect 
it in C and D. Draw CD which bisects the given 
line at right angles 
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✓ To Draw a Perfrkpioular to a orm** 
f*N* AC, from a omnr Point it within ©r 
J9 without the Line. Thl s may be done in 
•ever*! ways by intersecting am, but tbe most 
practical, moat accurate, and quickest is by 
pUoing a ruler level with the line AC, and a set 
square with one of the edges exactly touching 
the ruler, and the other passing through the 
given point as shown In 07. 

08. To Bisect a given Angle ABC. With 
oentre B and any radius describe an arc to out 
the lines in A and C. With centres A and C 
and any radius describe arcs to intersect in D. 
Draw BD which bisects the angle. By this 
means an angle* may be divided into 4, 8, 16, 
etc., eaualparts. 

09. To Trisect a Right Angle ABC. With 
centre B and any radius describe the arc AC. 
With centres A and C and same radius cut the 
arc in D and E. Draw HI) and BE which trisect 
the right angle. 

90. To Draw a Link parallel to another 
AB, at a given Distance C from it, or through 
a Given Point 1). At any point in AB draw a 
perpendicular OF equal to the distance C. Place 
one edge of a set square level with AB, then a 
ruler against another edge of the set square [90]. 
Hold the ruler firmly fixed, but slide the set 
square along it until the edge (which was level 
with AB) passes through F f and draw FE the 
required line. When tne point as D is given, 
the method is the same except that no perpen- 
dicular is required [90]. 

91. To make an Angle Equal to a Given 
Angle A BC. Draw any line EF. With centre 
B and any radius describe the arc AC. With 
centre E and same radius describe the arc DF. 
With distance AC as radius and F as centre cut 
the are in D. Draw ED through K and D 
(Euc. III. 27). 

92. Through a Given Point C to Draw a 
Line meeting a Given Line AB at an Angle 
equal to a Given Angle H. Through C draw 
CF parallel to AB. At C make the angle FCD 
equal to //, and the angle CDB will also be 
equal to it (Euc. I. 20). 

98. To Bisect the Angle mads by Two 
Converging Lines BA, DC, without using 
the Apex. Draw a line at any convenient dis- 
tance parallel to AB, and another at same 
distance parallel to CD to intersect in E. Bisect 
the engle thus obtained. 

94. Through a Given Point E to Draw a 
Line converging to the Sami Point at 
which Two other converging Lines would 
mbit if Produced. Draw any two convenient 
lines FG, HK parallel to each other and cutting 
both AB and CD. Join E And F, E and Q. 
Through H draw HL parallel to FE, and through 
K, KL parallel to OE, intersecting at L. Draw 
EL through E and L. 

95. In a Given Line AB to find a Point 
Equidistant from Two Given Points C and 
D without rr. Join C and D, and bisect the 
line CD by a perpendicular meeting AB in E, 
which is the required point. 
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94. To Draw Two Straight Ltn *0 to Umm 
a Given Lin* CD from Two Omar Points A 
AND B WITHOUT IT, AND TO MAKE EQUAL ANGLRS 
with it. Draw AE perpendicular to CD so 
that FE equals FA. Draw BE cutting CD in 
O. Draw AO. Then AO and BO are the 
required lines. 

Proportionals. If a straight line be drawn 
parallel* to one side of a triangle, it outs the 
other two sides or those produced propor- 
tionally. (Euc. VI. 2). 

97. To Divide a Line AB into any Number 
or Equal Parts (say Seven). Draw AC at 
any angle with AB, and set off on it any con- 
venient distance seven times. Join 7 B ana from 
the points 6, 5, 4, 3, 2, 1, draw parallels to IB 
to cut AB. 

98. To Divide a Line AB proportionally 
to a Given Line CD. Draw AE at any angle 
with AB. Make Al, 1 2, 2 3, 3 E equal to Cl, 1 2, 

2 3, 3D respectively. Join E and B. Draw 
parallels to EB through 3, 2 and 1 to meet AB. 

99. To Divide a Given Line AB in the 
Same Proportion as the Nos. 3, 5, and 2. 
Draw AC at any angle with AB, and set off on 
it 3 -f 5 -f 2 equal parts. Join 10 and B, and 
through 3 and 8 draw parallels to 10B to meet 
AB. Then AD : DE : EB are as 3 : 5 : 2. 

100. To Find a Fourth Proportional 
(Greater or Less) to Three Given Lines A, 
B, and C. Draw DO and, at any angle with it, 
DH. Set off DE equal to A, and DF equal to B. 
Join E and F. Set off EG equal to C. Through 
O draw GH parallel to EF cutting DH in H, 
then FH is the fourth proportional greater — i.e., 
DE : DF : : EG : FH. When the fourth pro- 
portional less is required, use the same method, 
but commence with the longest line. 

101. To Find a Third Proportional 
(Greater or Less) to Two Given Lines A 
and B. This is the same as finding the fourth 
proportional to three given linos, the last two 
of which are equal (e.g. t A : B : : B : required 
line). Proceed as in 100, but remember B is 
used twice (in 101, CF and CD each equal B). 
CE is the required third proportional greater. 
For the third proportional less , commence with 
B and use A twice. 

102. To Find a Mean Proportional to two 
Given Lines A and B. On a straight line make 
CD equal to A, and DE equal to B. Bisect the 
whole line CE in F and describe a semicircle 
with F as oentre and FC or FE as radius. At 
D draw DO perpendicular to CE to meet the arc 
in 0. Then DO u the mean proportional — i.e., 
CD: DO :: DO : DE, or A : DO : : DO : B. 

108. To Divide a Line AB into an Extreme 
and Mean Ratio — i.e.. so that one part shall 
be a mean proportional between the whole line 
and the other part. Draw AC perpendicular to 
AB and equal to half of it (AF or FB). Join. 
B and C . Make CD equal to CA. With oentre 
B and radius BD cut off BE. Then AB is 
divided at E so that AE : EB : : EB : AB, or 
so that the rectangle AE, AB, equals the square 
on EB (Euc. VL 30 and H. II). 
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dress BODICE FITTING & EVOLUTION OF THE BLOUS 


Continued from I 
PNPm 


The Fitting: and Making of a Bodice. Alterations. Pressing. Sleeves 
and Collar. The Drafting of Various Blouses from Bodice Pattern 


Bj AZEL1NE LEWIS 


Fitting and Making Up. Before fitting 
on the bodice, the seam* of the back and curved 
side pieces must lie notched at the waist, also 
an inch above and below the waist-line ; the 
under-arm seams and the darts should not be 
notched until the bodice has been tried on [28]. 

Put on the bodice with the seams outside and 
pull it down into the waist at the back, then 
pin the front fitting lines together at the waist, 
bust, and nock linos [29]. See that the waist- 
line wits well into the curve of the waist. If 
the armhole feels too tight, be careful not to 
hollow it out hastily. This point cannot t>e 
insisted on too strongly at the very outset, as 
it is a very common mistake with amateurs, and 
even with so-called “ little *' dressmakers, to 
slope out the armhole at the . 

first suggestion of any tight- yA I 

ness. Ascertain the ncoes- , y ) 

sary alterations before 
touching the armhole, 
for, if once cut out too 
much, a mistake has / \i 
been made which often / V 
results in ruining the y 

bodice. Very often the tight- L 

ness may bo remedied in the ¥ 
course of the fitting, hut in / . 

any case do not touch the \| ^ \ 

armhole till the other parts \ 

have been fitted. The liest \ 

plan is to snip it at the front 
to within J inch of the curved \ u 

line, and if too high under \J Vi 

the arm, snip here also. This 1A V 

will increase the armhole i/} ”“TT 

considerably, an 1 allow sufti- * 

cient seam for sewing in the As' * 

sleeve. Lift the bodice at fs J 

the front waist and again ^2 ^ i 

pull the back down, or it will jbJ 

appear too long in front, or f 
too short at the back, when R 
the fronts are finally pinned 

together. Now bring the 29. fitting on front 
waist lines together, pin 
there and below, pin the front fitting line 
from the bust downwards, once or twice lifting 
the bodice at the nock, and putting the hand 
inside ; gently press the bust up, that it may 
fall into its proper shape, then pin up from the 
bust line to the neck. 

Alterations. When this is done, the 
fitting of the outlines should he carefully looked 
over, to see that the waist-line at the back fits 
into the hollow of the waist, that the width of 
baok from shoulder to shoulder is sufficient, that 
the under arm is the right length, and that the 
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curved side pieces sit well into the hollow of 
the waist ana close under the arms. 

Should the bodice be too short- waisted, let it 
down at the shoulder seams, taking care that 
sufficient turning is left for the armhole ; if it 
is too long -waisted, take it up at the shoulders, 
and hollow it out at the back of the arms. The 
neck must be altered according to the alterations 
made, that is, either taken in or let out as far 
as the bust line. Any other alterations are made 
at straight under arm seams and shoulder seams, 
leaving the curved side seams and the darts un- 
touched. For instance, if the vraist be a little 
large, it must be taken in at the side seams, and 
if the fronts or backs be too long they must be 
lengthened or decreased from the shoulder seams. 

To MaKe Up. If the fit is 
satisfactory, take the fronts from 
the other portion of the bodice, as 
the required fastenings are easier 
to put on than when joined to- 
\ ' gether, and see that both sides are 
\ exactly alike. The seams should 
J \ \ be machined just outside the wheel - 

\ \ \ marlsB m or d pr that the tacking 

! \ \ threads may be more easily re- 

\l 1 I moved. This can be done without 


mm 


injury to 
the mate 
rial if the 
threads are 
previously 
cut every 
Jincli. The 
basting 
t h re ad s 
must not 
be taken 
out until 



28. FITTING ON BACK 



31. LEFT FRONT WITH 
BUTTONS 


the 


the bodice is finished. Before overcasting the 
seams cut all frayed edges even, round off the 
notches, cut at the waist line, leaving 4 inch 
turnings, and cut 
and curve the 
other seams to 
correspond. Cut 
the darts to within 
| inch of the top, 
leaving f inch 
turnings on each 
side ; notch and 
curve these, then 
overcast the seams 
and darts with 
either silk or 
cotton of a con- 
trasting colour. 

This stitch should 
be worked loosely, 
as, if pulled up too 
tightly, it will form 
a hard ridge, and 
show through the 
material when the 
dress is on. The 
overcasting stitch 
is used not only to 
neaten, but to 
prevent fraying, 

and if very " frayey ” materials be used, 
stitch must be taken down a little deeper. 

Finishing the Darts. The darts re- 
quire very careful finishing, as the tip of these 
should melt off at the top as though they 
were woven in the material. To do this, Hlojte 
off the line of machine stitching at the “ head ** 
or top to a point, then thread the end left (which 
should be fairly long) on a needle, and finish off 
with a few' stitches of oversewing. 

Pressing the Seams. The seams must 
be pressed on a rounded surface ; the rail of a 
towel-roller, or a long rolling-pin of ash or beech, 
answers the purpose well, but it should be 
covered before using. Both sides of each 
seam must be smoothed with a warm 
iron. Dip the finger into water, open the 
seams, and run them lightly along, next 
press with a hot iron ; do this with a firm, 
gentle pressure, but on no account rub or 
force tne iron along, taking care not to 
stretch the length of the seams. The tops 
of the darts should be pressed quite flat, 
care being taken that here again the bodice 
is not stretched. The bodice is now ready 
for the fastenings — either buttons and 
buttonholes, edge to edge fastenings, or 
hooks and ban. 

Preparation for DretsmaKert' 
Buttonholes. Should buttons and 
buttonholes be required, the preparation is 
as follows. Take the right front of bodice 
and turn the edge in J inch from the front 
fitting line, mark with white cotton ; now 
mark another J inch beyond the white 
cotton on the wrap, cut the rest of the wrap 
away, turn down and press. Take a strip 
of tailor’s linen or waistcoat can vaa, 1 } inches 


wide, put the raw edge of this strip to the fold 
of the turn-down, this should be basted to the 
front twice, holding the front of the bodice well 
over the hand wliile basting. Now* tack the 
J inch turn-down to the linen. To face the 
right side of bodice, use a pieee of the material 
or fine Italian cloth 2 inches wide ; this wears 
much better than silk or sarcenet [30]. Turn 
down the edges of the facing J inch on cither 
side and press, this also should tie hasted down 
twice on the front, just inside the edge of the 
bodice (holding the front of bodice well over 

the hand), then 
felled down on 
both sides with a 
fine needle and 
silk. This side 
should be well 
pressed before 
beginning the 
buttonholes, for 
the working of 
which set' B u T* 
tonhoi.es (Part 
I.) For the but- 
ton-side see dia- 
gram 81. also 
Part 1., where the 
method of sew- 
ing on the but- 
tons is fully ex- 
plained. 

Fastenings. 
To st rengt hen 
the front for 
edge to edge 
fastenings with 
hooks and eyes, 
take a strip of 
linen or lining on the straight, i inch wide, 
tack near the fitting line and again at the 
other edge, keeping the front of the bodice 
well over the hand to prevent tightening, out 
off the wrap to within | inch of the 
fitting line, turn it down and well press. 
Machine close to the very edge of the bodice, 
right up to the top. Now tack, with very 
small stitches, the linen and lining together 
J inch from the front fitting line, as high 
as the top of the dart, to form a casing for 
the edge bone, taking care that the stitches 
do not go through the material. Fell 
down the | inch wrap to the linen, not 
taking the stitches through, then fell the 
outside edge of the strip of linen to the 
lining, still taking care that the stitches do 
not go through. Insert the edge bone (a 
narrow whalebone, J inch wide, the same 
length as the dart) and fasten the heme 
securely top and bottom. Treat the left side 
of the bodice in the same way. The fronts 
are now ready for the hooks and eyes. 

To Put on Hooks and Eyes. 
Measure the distance for the hooks and 
eyes very carefully, beg nning at the waist 
line and allowing f inch between each. 
Begin to sew them on at the waist 
l*n^, a hook and eye alternately, the hooks 
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30. 


F Art NO FRONT for 
HUTTON HOLES 



Wagsewn | irneh In md the eye* level with 
the edge to moke it fit closely. 

: How to eew them on is dealt with in Past I. 
Do not be afraid to pat a few extra stitches 
in each hook and eye, as there is great 
strain between the waist and the bust, and 
unless sewn on firmly they will pull away, 
causing great annoyance and necessitating 
double work to replace them. The hooks 
and eyes will be faced after the basque has 
been turned up. Having arranged the fasten- 
ings, join the fronts 
to the other portions 
of the bodice ; ma- 
chine the under-arm 
and shoulder seams, 
notching them above 
and below waist. 

Nbaten, overcast, and 
press in the same man- 
ner as the other seams, 
and complete the cas- 
ings. The bodice is 
now ready for turning 
up the basque. 

Turning up the 
Basque. Before 
turning up see to the 
fit where the basque 
is shaped, and tack a 
strip of linen or canvas 
(according to material 
used for dress), 1 or 
1| inches w ide, cut on 
the cross, round the 
edge of the basque. 

Turn up the 
bodice and tack 
very firmly, 
roughly sewing 
the raw edge to 
the lining over 
the canvas or 
linen. Be sure 
the stitches do 
not go through. 

Carefully mitre 
the comers of 
the bodice, as 
for collar, ani 
well press. 

Facing the 
Hooka and 
Eyaa. Cut a 
piece of the material 




STEELS AT BACK 
OF BODICE 


84. SLEEVE READY 
FOB 8TITCHINU 



FACING WRIST BAND 


(if thin 

enough) of fine Italian doth on 
the cross, 1 1 inches wide, allow- 
ing 4 inch turnings on each side ; 
turn this down and well press. 

Begin at the top of the neck 
(the right side), placing the 
facing well under the bill of the 
hook, baste it round the bodice 
and basque, holding it well 
over the hand, cutting away the 
folds under the oomere of the bodice. 
Ease the facing there, or the corners of the bodice 
will turn up ; also ease well at the centre of the 
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back. Tbefi baste it up to the left side of the 
neck, sad neatly fell all round and on both sides 
with silk the same colour, keeping the stitches 
loose, and being careful not to take them through. 

The wrap is a strip of ma- 
terial 24 inches wide. Turn ip 
4 inch on each side, fold and 
press, and either machine or 
slip-stitch turnings of ends and 
long edge. Place the fold on 
the hooks and eyes on the left 
side of the bodice, and secure 
with buttonhole stitch several 
times. Thick cloth is cut 
single 1 4 inches wide, and the 
edges are either bound, pnked 
or overcast. The wrap only 
comes just a little distance 
below the waist. 

The stiffening required for 
the seams must now be put in, 
and as these may be either 
bones or steels, we ’ will de- 
scribe the method of putting in 
both. There can be no doubt 
that whalebone is much better for the purpose than 
steels, but as it and its substitute, feather bone, are 
both Bomewhat expensive, and steels have the advan- 
tage of greater cheapness and simplicity of working, 
the latter are often preferred. We will take boning 
first. 

The Bone Casings. Gut the galoon, or bind- 
ing, into strips, 3 inches longer than the actual 
length for the seams, 34 inches longer for the darts. 

Before running the galoon on the seams, 
x gather slightly all the way down on either 
( V side, keeping the centre of the casings 
\ directly on the seams. Make the pockets 
1*. )for the darts from 1 to 14 inches long, 
Jj / fell on one side, then fell or run the casing 
Ik ] on the dart seam to within 4 inch of the 
fj e< ^ e °* basque, and up to the pocket. All 
™ the ends of tne casings should be free [821. 
When all the seams are cased, cut the 
whalebone (which should be soaked and 
put into the bodice while damp) the 
required length, | inch longer than the 
casings. For the bones which will lie on 
the darts, the holes should be pierced 
from 1 to 1 4 inches from the end ; by this 
means the bone tops come even with the 
top of the dart seams, and the loose parts 
will obviate any tendency to force out the 
bodice at the bust. 
Hie bones for the 
under- arm seams 
should be 24 inches 
down from the bust 
line, and the bones at 
the top of the other 
seams must he even 
with them. The holes 
for these bones are 
pierced | inch from 
the top, and should 
also be left loose ; the holes at the lower 
end of alt the bones are pierced 4 inch 
from the end. The hole* fortnia purpose are 



86 . COLLAR 




37. YOKK BLOUSES DRAFTED FROM BODICE PATTERN 


easily made with a hot knitting n^dlc. Sw 
that the ends are well rounded with a sharp 
penknife or file. Before putting the bones in, 
bend them well with the thumb and finger ; 
but remember they are not put in until the 
basque has been turned up, when they are 
slipped into the casings, then the sides of the 
pockets are felled up, and the bone firmly 
fastened to the casing through the perforated 
holes. Finish off the ends with a fan stitch. 

Cowered Steele. Start at the centre back 
seam, pin the steel | inch from the tum-up of 
the basque. Measure the length of the steel 
on the bodice, and lower it | inch. Pin firmly, 
press the | inch well into the hollow of the 
waist, that is, 11 inches above and below 
the waist -line, pin there, and again between 
the waist and the top of the dart with line 
pins. Begin to sew the steel f inch from the 
top of the seams and 1$ inches from the top 
of the darts, leaving all ends free. Place 
the first stitch at the back of the steel under 
the seam, bring the needle out at the side of 
the steel, put the needle back at the same 
place, bring it out under the seam, this forms a 
back stitch ; now put the needle in again 1 inch 
away from the last stitch, still at the back of 
the steel ; make another back stitch, continue 
this on both sides of the steel, leaving the lower 
end loose | inch from the basque, using a 
doable stitch at the waist [88]. 

Putting the Sleeves Together. In 
patting the sleeves together, always keep the 
largest side uppermost. Pin the elbow lines 


together and pin from the top of sleeve to the 
wrist; turn the sleeve round still with the 
larger part uppermost, and pn up from the 
wrist -line to the top of sleeve on the inner side. 
Now tack with small stitches from the top of 
the sleeve to elbow line, and from elliow to wrist, 
also from wrist to the top of the sleeve of the 
inner part. For the left sleeve reverse the 
process. The sleeves will then be 'ready for 
machining. Having done this, be sum to notch 
the inn f *r seam an inch above and below the 
elbow line [84]. Hound the notches, oversew 
neatly, and press on a roller, (hit a strip of 
muslin on the cross 1 J inches wide, fold it, and 
place the fold on the wrist line, baste oyer the 
hand. Now tack the raw edge to the lining, and 
face with material of Italian cloth, cut on the 
cross, or to the shape of wrist ; baste to sleeve, 
and fell with silk and fine needle, holding the 
sleeve well over the hand [85]. 

To Sot in the Sleeve. Pin the front 
seam of the sleeve to the inset mark, and the 
back seam to the curved side-piece, within 
2 inches of the shoulder seam, rin the sleeve 
to the under part of the bodice, well easing it 
under the arm, and slightly easing it from the 
inset mark to 1J inches above this. Next gather 
the top of the sleeve and distribute the gathers 
evenly between the inset mark and the curved 
side piece. Be sure to tack the sleeve in the 
wheel marks, and hold it towards you when 
putting in. Care spent on this part of the 
bodice is always repaid, as an imperfectly 
setting sleeve will spoil the whole effect. 
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Cutting and Mailing the Collar. 

Fold a piece of paper, and place the back of 
the pattern to the fold. Trace all round, 
excepting at the fold, not allowing turnings, 
remove the pattern and cut out the part traced. 
For the collar, about 3 inches of buckram or 
tailor's canvas will be required. Place the 
pattern on the canvas with the fold to a straight 
thread, and the fronts on the cross, and cut out. 
Next cut out two pieces of very thin lining or 
muslin, the same size as the canvas, place the 
latter between them, and tack all round the 
edge of the canvas. Now cut the material, 
allowing } inch all round for turnings. This 
should be herring-boned down to the top, 
bottom and sides of the canvas interlining, 
taking care to cut away the fold of the material 
that overlaps at the corner of the collar [36], snip- 
ping the top of the material to make it set flat 
along the curved upper side. Now press the inside 
of the oollar with a not iron as directed for sleeves. 

Sew on the hooks and eyes alternately, the 
book £ inch from the end of the collar, and the 
eye just touching the edges, but not projecting 
beyond. If the material is very thin, it should 
be lined with lawn or muslin. 

To 8ot on the Collar. Halve and 
Quarter the collar, also the nock of the bodice ; pin 
the centre of the collar to the back of the bodice, 
also pin the ends to the front fitting line ; then 
hold the inside of the bodice towards you, having 
the collar and bodice well over the hand ; pin the 
oollar halfway between the pins, and again, mid- 
way between the other pins. After it has been well 
pinned, it should then bo firmly stitched on from 
the inside, taking care to sew in the wheel marks. 
The collar should be faced with silk, sarcenet or 
lining, cut the same size os the material with 
J inch turnings, and felled neatly to it all round. 

Putting on the Tight Band. Take 
a piece of webbing for a band, which should be 
$■ inch less than the waist measure after 
the ends are turned in. This is fastened with 
either one or two hooks and eyes. Before the 
band is adjusted, the skirt hooks are sewn to 
the casings of steels or bones on the three back 
seams, the bill of the hooks just touching the 


waistline. The 
webbing is 
slipped under 
the bill of the 
hook, with the 
centre of the 
webbing to 
the centre of 
the back seam 
of the waist. 
Now fasten 
the webbing 
to the bone 
casings of the 
bodice with a 
large cross 
stitch, with 
the same 
coloured silk 
as tjiat used 
in overcasting ^ 
the bodice 
seams. 

The 

B 1 o u a e . 

Dame Fash- 
ion, in spite of 
her change- 
ableness, has 
remained 
faithful to the 
allurements of 
her old 
favourite, 
the blouse, 
and though 
frequent pro- 
phecies to the 
contrary have 
been made, it 
is still with us, 
and too firm a 
favourite t o 
be ignored in 
a dress- 
making course, 
with 


Cut Edges 



Cut Edges 

A PLAIN BLOUSE 



89. AN AMERICAN YOKE 


For this we credit the fickle lady 
much good sense, although the blouse 
of to-day is a very different affair from 
its anoestress, the garment introduced by 
Garibaldi, and much worn somewhere in 
the sixties. 

It would be quite impossible to deal 
with the many guises assumed by the 
blouse, but from the following examples 
and explanations we hope a worker will 
see how easy it is to reduce the 
apparent intricacies of any model to its 
elements, and evolve almost any design 
she pleases. It may, however, be well 
to point out that whatever be the 
method of expression, whether the 
blouse be unlined or made up on a 
fitted lining, without or with a yoke, the 
latter either plain or tucked, of laoe, 
of strips of material or insertion united 
by faggot -stitching, the underlying prin- 
ciple of all blouses is the fitting bodice 
and coat sleeve, the drafting and 
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making of which have been fully described. 
This will, perhaps, explain why we have begun 
with the making of a bodice and not a blouse. 
We will now turn to the diagrams, first of all 
explaining that the portions not to be cut are 
marked — X — X. The turnings are indicated 
by a broken line 

and the 

outline of the pat- 
tern by a firm one. 

In diagram 87 we 
have five blouses, 
as well as a back 
and yoke, cut on 
the crow, marked 
respectively <*, b, r, 
d, f, /, and g f all 
of which can be 
evolved from the 
bodice pattern just 
described — or any 
other — as will be 
seen clearly in the 
following diagrams. 

How to Cut 
the Blouae. We 
will now describe 
each of the blouses 
sketched, and begin 
with a, which is a 
perfectly plain one suited to morning wear. 
To show how to obtain it we must turn to 
diagram 88, where the method of cutting it 
from the bodice pattern is shown, using that, 
of course, of the size required. Place the front of 
this to the selvedge 11 to 
2 inches from these and pin 
carefully in place. Now arrange 
the hack portions above this as 
shown, placing the centre part 
first, then the curved side* piece, 
and the under-arm piece next. 

Pin all these carefully in posi 
tion, so that they will not slip, 
mark them, and cut round the 
outline thus made, as shown by 
the broken line. Remember to 
keep the waist lines even and 
allow good turnings at the 
fronts, shoulder, and under-arm 
seams. This will give one back 
and two fronts, the method of 
cutting the sleeve being de- 
scribed later on, whilst the 
collar is the pattern given in 
the drafting of the bodice. If 
the back be a trifle wide, it is 
quite easy to reduce the under- 
arm piece in width and add 
what has been thus taken off to 
the front part. 

Blouse o is cut exactly the 
same as that we have already described, except 
that the material fronts — and back too, if pre- 
ferred — are tucked before cutting out, the tucks 
being the deep ones stitched as described in 
Past I. (see Tucking), but they can be 
arranged in any way desired, provided the 


tucking be done before cutting out, as already 
said. This method is more satisfactory than 
when the material is cut out first, when it is 
neither easy to keep the tucks regular nor the 
right way of the material. 

An American YoKe. In the third of the 
group of blouses 
under considers- 
tion, marked r, we 
have one with what 
is known as the 
American yoke, this 
being cut all in one, 
and for which our 
bodice is still the 
basis. In this shape 
the fronts come on 
the cross, the back 
being cut selvedge- 
ways. Thodiagraift 
shows how to obtain 
this, but it is well 
to remem l>or that 
for this shape the 
pattern must fit 
perfectly at the 
shoulder, ns no 
Alteration is pos- 
sible when it is 
once cut out. 

Place the back and front fsirtions together 
a« shown, the two shoulder lines meeting, and 
the centre back to the fold and of the depth 
required. Pin in place, draw a line across from 
neck to armhole, for the depth needed, and 
cut out as indicated by the 
broken line. The result will be 
a piece like that shown in the 
o | s* nod- out yoke. Two pieces 
of the same shiifsi and si re are 
required, as it must lie double, 
like nearly all yokes for unlined 
shirt blouse* (88). 

Having obtained the yoke, 
we must turn to the next dia- 
gram. for the method of cutting 
the blouse front |40]. In this 
the centre front is placed from 
4 to 0 inches (defending on 
the thickness of the material 
and the size of the pattern) 
from the selvedges to allow for 
the front fulness. Measure the 
depth of yoke, and then draw 
a fine slanting upwards across 
the material, as indicated by 
the broken line. Always allow 
a sufficiency of fulness in the 
front of a blouse, so that it shall 
set well and easily, as skimpi- 
ness not only makes it uncom- 
fortable, but detracts in no small 
degree from the effect of an otherwise well-made 
blouse. For the back, place the various portions 
of the pattern as described and shown in diagram 
41 , allowing a little fulness at centre back, and 
for the depth of yoke. 

We will now take d of our evolutions. Here 
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and smartly. It could 
be varied in several 
ways. For instance, 
the sides eoold be 
rounded off down- 
wards, or made quite straight, 
as fancy may dictate. This 
style of yoke is usually 
expressed in lace or fancy 
material, but looks extremely 
well if tucked either hori- 
zontally, perpendicularly, or 
W -shaped fashion; but which- 
ever be preferred, the pattern 
of the yoke is needed before 
tucking. In diagram 42 
we see the method of cutting 
it out depicted, at the bottom 
of a trio of yokes. The out- 
line is shown by a firm lino, the turnings by a 
broken one, whilst the shape of the side-portions 
is further indicated by a broken line [42]. The 
back of the blouse is quite plain, and the method 
of outting-out will lie easily understood from the 
foregoing illustrations. It could, of course, be 

made in any 
other way pre- 
ferred, whilst the 
fronts may be 
tucked instead 
of gathered, but 
in this case a 
little fulness 
should also be 
allowed, espe- 
cially if the 
material hap- 
pen to be of 
thin texture. 
Other Yokes. 
The fifth of the 
group of blouses 
(e) illustrates 
one with a 
rounded yoke, 
the method of 
cutting which is 
seen in the top 
one of the trio, 
the lower front 
portion being 
cut to fit this, 
as described for 
the last. 

The centre 
(me of the trio 
of yokes from 
which we have 
alreadyobtained 
c and e depicts 
a pointed affair 



42. 1 EU 1 DnmuR t rons 


43. YORE AND BACK ON THE CROSS 


which may be preferred to the rounded one, ir 
which case the bodice portion is cut similar tc 
the front for the American yoke-blouse, exoep 
that the slope will be reversed, as the great© 
depth is required at the sides. The yoke o 
blouse e in the sketch is made of strips of lace 
united by faggotting, for which the pattern is 
needed. 

The last sketches of the group in 87 — those 
marked / and show an arrangement c 
stripes for yoke and back, as it may happen 
that a much better effect can be obtained by 
not having them quite straight. In the case 
of broad stripes, for instance, for a rather stout 
figure, the result would be more becoming anc 
graceful were they arranged to come in a V at 
the back as shown. The method of cutting 
both yoke and back is indicated in the diagram. 
Be careful to get the stripes to meet in both 
cases, and if the fronts be cut to match, they 
should be arranged in the same way [48]. With 
respect to the yokes of shirt blouses, the book 
should always be cut selvedge- wayB, as the strain 
and wear mostly falls on this portion. 

Note. The amateur should first cut the 
pattern in paper to get the right shape, and 
to avoid wasting the material. 

In the blouses sketched the ordinary hi gh 
collar has been shown, but of late transparent, 
or unlined, ones have been the fashion. When 
this is the case, the neck must be neatened by 
a narrow binding before putting on the lac e. 
To do this cut a strip of crossway material (if the 
edge be not shaped it will do on the straight) 
long enough to allow turnings at each end, and 
about 1 inch wide, or a trifle less. Put t he 
edge of this to the neck-edge on the right ride* 
run together, tom over to meet the other ed ges , 
being careful to ne&ten the ends, and sew the 
lace to this on the right side. 

To be continued 
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THE STATE LADDER OF LEARNING, 


AND HOy : TO CLIMB IT 


THIS is tiie age of efficiency. In the keen 
A competition of individuals and of nations 
we cannot afford to waste either time or money, 
and least of all can we waste men without 
paying the penalty in the race of progress. 

Wherever there is a brain of exceptional 
power or a character of unusual pertinacity, it 
is the duty of the State to seek out its possessor, 
and to set him on the ladder by whioh he may 
raise himself and his fellows. And while it is 
the duty of the State, at once to itself and to 
the individual, to offer to every promising boy 
the means by which he may fit himself to do a 
man's work in the world, it is no less the boy's 
duty to himself and to his country to avail him- 
self of the means so placed at his disposal. 

Recent legislation has shown that the State 
at least realises its responsibility, and what is 
now required is that every boy in the kingdom 
should recognise that if he has fair ability and 
the will to do a certain amount of hard work in 
his youth, no position in the land is closed to him. 

Every county and county borough has its own 
“ scheme," and discharges its educational func- 
tions in its own way, but the general features of 
all the schemes are very much alike, and may 
be shortly described. 

The First Rung of the Ladder. The 

first rung of the ladder is formed by the minor, 
or junior scholarships given by the local educa- 
tion authority to children in the public elementary 
schools, and in many cases to the children of 
parents of small means, whether they attend 
a public elementary school or no. 

These scholarships are usually awarded to 
children between the ages of 10 and 14, on the 
result of examination. The number given in 
different counties and districts varies con- 
siderably. In London there were last year 
14,000 candidates for junior county scholarships 
out of about 80,000 elementary schoolchildren 
of eligible age — between 11 and 12 years — and 
2,166 scholarships were awarded ; so that about 
2J per cent, of the children leaving the public 
elementary schools of London in a particular 
year became scholarship holders. 

The minor scholarship given by the different 
education authorities carries with it not only free 
education at a grammar-school or similar institu- 
tion, but also a small grant towards the main- 
tenance of the child. In London free education is 
given between the ages of 11 or 12 and 16 or 17, 
in addition to which parents whose income is 
less than £160 a year receive a grant of £6 per 
annum during the first three years, and £15 per 
annum during the two remaining years, parents 
with larger incomes receiving a smaller grant. 
Provincial authorities are not, for the most 
part, so liberal in the matter of maintenance 
grants, but the proportion of scholarships given 
to the number of children in the schools is about 
the same. The provision in some counties is par- 
ticularly good. In Essex about 4 per cent, of the 
elementary school-children obtain scholarships. 


The education of a^ninor scholar qualifies him 
for many positions in bus mass, or for Civil Service 
clerkships and 'Similar posts ; but for the more 
ambitious boy' it is only a stepping-stone to 
higher things. ^ 

Prospects at the Age *of Seventeen. 

In some districts a boy can hold a minor . 
scholarship up to the age of 18 or 10 years, but 
in the great majority of * cases emolument lapses 
when the scholar has attained the age of 16 to 17 
years. Them are then three courses open to 
him : 


1. He may enter a trade ot profession, and 
attend a course of commercial or technical 
instruction at an evening school. Small scholar- 
ships are offered in most oounties to pay the 
cost of such a course, and are easily obtainable. 

2. He may obtain a continuation or inter- 
mediate scholarship, and proceed to study for 
two, or in some cases three, years at a technical 
college, qualifying himself for the better positions 

. in the engineering and other scientific trades ; or 

3. The same scholarship will enable him to 
continue his grammar-school course, or in 
many cases to enter a conveniently situated 
public school as a dav-boy. 

Intermediate scholarships vary greatly both 
in value and in the number given. One hundred 
such are awarded in London, and children who 
have not held minor scholarships are allowed 
to compete if their parents' income is less than 
£400 a year. With these additional competitors 
in the field, the result is that onty one in 20 
of the London minor scholars is able to secure 
an intermediate scholarship. These provide 
free education at any of the London secondary 
'schools, including St. Paul’s and Merchant 
Taylors’, as well as a maintenance grant of 
£30 a year. 

Scholarships in the Provinces. In 

the provinces a larger number of children 
in proportion to the population are able to 
secure the scholarships, but these are not so 
valuable as the London ones, and in many 
counties they are so small that it is not possible 
for a scholar to attend a good school without a 
certain amount of hardship. But it is worth 
while to undergo the hardship, not so much for 
the sake of the better teaching which may bo 
provided at the more expensive school, but 
rather in order to be able to enter Oxford or 
Cambridge on the same footing as the public - 
school boys, of which class these universities 
are largely composed. 

The writer remembers well one of his own 
schoolfellows — a boy who seemed to us all to 
be a little peculiar, and whom we consequently 
“ ragged ” to a certain extent^ until someone 
discovered that the boy’s father was a mechanic, 
who pinched himself to enable his son, with the 
aid of a county scholarship, to keep up appear- 
ances at school Then the boys’ attitude 
changed at once ; all were friendly to him at 
school, and their homes were open to him in the 
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holidays. He has passed through the univoreifcy 
now, and is doing good work in the world in a 
sphere vory different from that which he would 
have filled without the ladder by which he ardu- 
ously climbed. 

We have seen that it is possible for any boy 
of average brains and application to secure, by 
means of a minor scholarship, a good education 
up to the age of 16. The competition for inter- 
mediate scholarships is more severe, particularly 
in London; but fortunately these are not the 
only scholarships available for boys of 14 to 17 
years of age. Nearly all grammar-schools, 
many of the City companies, certain charities, 
and pious foundations offer scholarships tenable 
for the most part at particular schools. The 
City of London and some of the Northern 
counties are particularly rich in such foundations, 
and information as to those available in any dis- 
trict can usually be obtained from the local 
education authority. 

Help from Local Authorities. The 

body now responsible for public education in 
every county borough is the Borough Council. 
All districts outside the boroughs are directly 
under the authority of the County Councils 
as far as oduoation is concerned. 

Scholarships are granted in every case by the 
responsible authority, and a boy living in a 
borough is not in general eligible for a county 
scholarship. The proper course for a would-be 
candidate for any public scholarship is to write 
to the Clerk of the Education Committee of 
the County or Borough Council, under whose 
jurisdiction his parents reside. The clerk is 
generally in a position to give information, 
not only as to the scholarships granted by the 
committee, but also as to all the others for 
which boys residing in the district are eligible. 

By one means or another, then, the child of the 
mechanic or of the labourer can obtain an excel* 
lent education up to the age of 1 8 to 1 9. At that 
time he is confronted by a serious problem. For 
many of the higher walks of life a university 
degree is a valuable, if not a necessary qualifica- 
tion. Shall he seek it at one of the old universities 
of Oxford or Cambridge, or at one of the many 
new ones dotted about the country ? 

The University Problem. There can 
lie no doubt which of these degrees is the 
more valuable to the possessor, and if by 
any means a boy can get to Oxford or Cam- 
bridge, he should go there. On the other hand, 
a course at one of the other universities is far 
cheaper, costing from £30 to £40 a year to a 
boy living in the town, to which must be added 
the cost of lodgings in the case of a boy coming 
from a distance. The lowest cost at which it is 
reasonably possible to pass through Oxford or 
Cambridge is £140 a year, unless all the social 
advantages of the institutions are to be neglected. 
At some colleges, indeed, the cost is even greater. 
A man can scarcely live at Trinity College, 
Cambridge, for example, on less than £160 a 
year. It is possible to out down expenses by 
entering as a non-collegiate student, but this is 
to reject the many scholarships offered by the 
different colleges. * 
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Individual Ability the Beet Guide. 

The real guide of a boy’s proper course after 
leaving school is his own ability. Most local 
education authorities offer one or more scholar- 
ships to boys of limited means, to help them 
through the university. In London about 60 
scholarships of a maximum value of £90 per 
annum are given yearly ; but these and the 
smaller scholarships given in the provinces are 
not sufficient to enable a boy to go to one of the 
old universities unless he can also win an open 
scholarship for himself. The competition for 
these, however, is more severe, as the son of a 
mechanic may have for his opponent the de- 
scendant of several generations of scholars. 

Now, there can be no doubt that a toy of 
really marked ability should enter at one of 
the more famous colleges, whore the competition 
is heaviest and the prizes greatest. If he is so 
fortunate as to secure also a leaving exhibition 
from school, he may leave the senior county 
scholarship to a boy who needs it more, and save 
money at the university at the same time. On 
the other hand, » boy of more modest attain- 
ments may do very well for himself at one of the 
less-known colleges, though at Balliol, Oxford, 
or 'I rinitv, Cambridge, he could not hope to win 
any emolument. 

A boy who cannot secure any of the scholar- 
ships offered at Oxford or Cambridge had better 
abandon the idea of a career at either of these 
universities ; but no boy of ordinary intelligence 
need anticipate such failure if only he will put 
his back into his work at school. 

There are numerous scholarships and charities 
available, particularly to London boys, for the 
purpose of providing a higher education. The 
most valuable of these are the four Whitworth 
engineering scholarships, worth £125 a year for 
three years, open only to practical engineers. 
Of all these particulars can be obtained from 
the Board of Education, South Kensington. 

There are also 22 science scholarships given 
annually to graduates of any university in the 
British Isles or Colonies, by the Commissioners 
of the 1851 Exhibition. The award is made 
on the recommendation of the College, and 
holders pursue their studies on lines approved 
by the Commissioners. 

The Rhodes Scholarships. The most 
valuable of all the open scholarships to 
Oxford are not open to English boys. These 
are the scholarships founded by the will of the 
late Cecil Rhodes, and are worth £300 a year 
for three years. Sixty of these scholarships 
are assigned to the British colonies — namely, 
9 to Rhodesia, 15 to South Africa, 18 to Australia, 
6 to Canada, and 3 each to New Zealand, New- 
foundland, Jamaica, and the Bermudas. Two are 
also given to each State or territory of the 
United States of America. Appointments to 
one-third of these scholarships are made every 
year. Five scholarships of the value of £250 for 
three years are also allotted annually to German 
boys. 

The Rhodes Scholarship scheme is adminis- 
tered by Dr. Parkin, C.M.G., of 40, Elvaston 
Place. London, S.W 



How to Obtain Technical Education. 

It is not always advisable for a boy, even if be 
has the ability, to pursue a course of study on 

£ ublic school lines up to the age of 18 or 19. 

[any boys* ambition pointato success in the pro- 
fession of engineering, or in one of the technical 
branches of science, rather than to a university 
career. The most usual course for a technical 
student is to enter a day technical college at 
the age of 17, but the selection of the college 
is a rather serious matter. 

There can be no doubt that the engineering 
training given at Cambridge University is the 
best all round engineering course obtainable in 
this country. An ideal training for an engineer 
would perhaps be a Cambridge course, followed 
by a year of special study in America or Germany, 
before entering the shop* ; but the son of 
parents of slender means will find it difficult to 
justify such a course of action to himself. 

A very excellent training can be obtained by 
means of a two or three years’ day course at 
one of the provincial university colleges or such 
of the technical institutes aB provide for day 
students. The cost of the former course is 
generally about £30, the latter about £15, 
per annum. 

The selection of a college depends on the 
neighbourhood and the branch of science which 
is to be studied. £ach institution has its 
special features. Thus, the Armstrong College 
at Newcastle is unrivalled for coal-mining and 
marine engineering, the Battersea Polytechnic 
for the mechanics of motor-cars, and the Sheffield 
University College for the science of metallurgy. 

It is impossible here to give a general criticism 
of all the technical institutes of Great Britain, 
but a certain amount of guidance will be found 
in the table appearing in a later issue, and it is 
generally possible to get information as to local 
institutions by application to the local authority. 

Scotland’s Educational Advantages. 
The ladder is a steep one everywhere, and 
requires arduous climbing, but perhaps a 
Scotch boy has more facilities for the ascent 
than a native of the sister kingdom. 

In Scotland, as in England, education is free 
up to the age of 14, but in Scotland it is now 
possible, thanks to the munificence of Mr. 
Carnegie, for every necessitous Scotch student 
to get, at any one of the four universities, his 
fees paid and books supplied, on application to the 
trustees. Besides the Carnegie trust, there are 
bursaries given by the universities and other 
institutions on the result of examination. 

The real crisis of a Scotch boy’s career arrives 
at the age of 14. The years between 14 and 17 
are not provided for by junior scholarships in 
the systematic way prevalent in England, though 
in the larger towns excellent higher-grade 
school* are provided. There are, however, 
numerous local and miscellaneous scholarships 
available, and it must be remembered that the 
cost both of education and of living is lower 
in Scotland than in England, and that the 
greater sparseness of population makes it 
possible for a boy to combine schoolwork with 
lucrative duties in a very effective way. 
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To a oertain extend this will have to be done 
also by the Englishman who wishes to make 
the best of his university career. The scholar- 
ships at t e Oxford colleges are seldom worth 
more than £80 a year ; while at Cambridge, at the 
smaller colleges, at least, £60 a year is above 
rather than Wow the average, and a boy of 
average ability will find it very difficult to 
make more than £150 a year all told — a sum 
which does not supply a great margin for vacation 
expenses. Fortunately, a university man can 
generally secure some light tutorial work in 
the vacation ; and some men who have desired 
a greater change of occupation have tried 
haymaking and harvesting with considerable 
success. 

Ireland’s Needs. Education has not as 
yet been systematised to the same extent in 
Ireland as in Great Britain — partly perhaps 
because the State has found it possible to leave 
the whole matter to the intensity of religious 
party feeling. In any case, education other than 
elementary is furnished almost entirely by 
schools conducted by religious societies such as 
the Christian Brothers. 

These societies also divide the task of ele- 
mentary education with the voluntary schools, 
and they do, to a certain extent, take it upon 
themselves to pass boys up from the lower to 
the higher schools under their control, by 
which means a ladder is provided, though not 
so broad a one as in England or Scotland. 

Scholarships are provided in Ireland by the 
National Government. They are divided into 
Junior, Intermediate and Senior. The number 
awarded in 1905 were : 



Boys 

Girls 

Value 

Junior to 16 

83 

38 

£10 — £20 

Intermediate to 17 

40 

15 

£10 — £30 

Senior to 18 

56 

13 

£30— £80 


Compared with the scholarships awarded in 
England, and particularly in London, these are 
rather small and few, but it is satisfactory to 
note that quite a large number of poor boys 
have passed with credit through Trinity College, 
Dublin, and the Royal University of Ireland, 
while a large proportion of the Maynooth 
students are entirely without private means. 

What School-Board Boys Have Done. 
One of the chief difficulties in the way of the 
poor boy who enters into competition with 
the children of richer parents is the difficulty 
of getting room and quiet to work at home. 
Indeed, the struggle to climb the ladder which 
the last few years have provided requires not 
only pluck and effort on tne part of the climber 
himself, but a great deal of devotion and self- 
sacrifice on the part of his parents. Happily, all 
these qualities are to be found in thousands of 
British homes. Thousands of boys are climbing 
up tke ladder of learning, and every vear they 
touch a higher point. Two board -school boys 
have been Senior Wranglers, and this year, for 
the first time, a board-school boy was elected 
to a Fellowship of Trinity College, the most 
distinguished reward of merit that Cambridge 
University can offer. 
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hktt$sMt. The fanutmawiul dktmctioa is one 
origin. In order to decide whether any given 
character is to be referred to one or the other 
group we must answer the question — Whence 
does this character arise T * Inborn traits or 
characters arc those which take origin in the germ - 
plasm , which arise because the germ-plasm is so 
constituted that it tends, under fit conditions of 
shelter and nutrition, to impel or cause the germ 
cell to proliferate into an inaividuai having those 
characters. Thus a man's head is inborn. It 
arises because the germ -plasm in the fertilised 
ovuin whence he sprang was so constituted that 
it impelled that germ cell to proliferate into an 
individual having a man's head.’* 

Acquired Characters. “ Acquired 
characters , on the other hand, do not take origin 
in the germ-plasm ; they are modifications of 
inborn characters caused by the play of forces 
from the environment on those characters after 
(as a rule) they have developed from the germ 
cell. Thus a man's hand is inborn. But if it 
be modified by use, disuse, accident, or the play 
of other forces from the environment the 
modification is an acquired character. All the 
effects of exercise are acquirements — for example, 
the enlargement which exercise causes in muscles. 
The effects of lack of exercise are also acquire- 
ments — for example, the changes in a diseased 
lung or an injured arm. Every modification of 
the m nd is also an acquirement — for example, 
everything stored within the memory. If a man 
be blinded by accident or disease, his blindness 
is acquired. But if he came into the world blind 
— if he be blind by 4 nature ’ — his blindness is 
inborn. If a son be naturally smaller than his 
father, his inferiority of size is inborn ; but if his 
growth be stunted by ill-health or lack of 
nourishment or exercise, his inferiority is acquired. 
Inborn characters take origin in the germ. They 
express the hereditary tendencies of the indivi- 
dual, and, with variations, those of the race. 
Acquired characters take origin (as a rule) in the 
cell-descendants of the germ cell. They express 
the modifications of the hereditary characters of 
the race which are caused in the individual by 
the play of forces from the environment." (Dr. 
Archdall Reid.) 

The Trait* of Individual*. If we 

review the whole of the traits of any given 
individual, it is quite easy, by means of the 
above definitions, to say that certain of these 
traits are inborn while others are as certainly 
acquired. Thus, a head with two eyes, a hand 
with five fingers, the possession of organs for 
see’ng and hearing, and so forth, are all obviously 
inborn characters. They are common to the 
race, and to many animals besides man. They 
take their origin in the germ-plasm from which 
these anrnals are developed. But there are 
other traits which cannot be so easily referred 
to one or other of these categories. Here is an 
individual who is an extraordinary mathema- 
tician. Is his mathematical faculty inborn or 
acquired ? It depends on its origin. Some 
individuals have the mathematical faculty inborn; 
they are “ bom mathematicians." Others become 
very proficient in mathematics only by great and 


prolonged effort of study, by long subjeotion to 
a mathematical environment. Their proficiency 
it obviously acquired entirely ; it is an acquired 
character. 

The Fundamental Distinction. When 
we come to oonsider the problem of heredity, we 
shall see that it makes all the difference in the 
world. Meantime it is to be noted that while 
certain individual traits are obviously inborn, 
there are others which may be either inborn or 
acquired. In the same way there are certain 
traits whioh are obviously acquired. Thus 
the thickening of the skin on a coachman's hand 
in certain positions is plainly due to the con- 
stant irritation of the pressure of the reins. It 
is an acquired modification. The hand and 
skin are inborn, the thickening from the environ- 
ment is aquired. So the power of expressing 
our thoughts in language is acquired. Nd 
infant was ever bom able to speak. The 
organs of speech are inborn in the human race as 
is the power of acquisition of speech, but not 
speech itself. Speech comes only from the v 
individual being placed in an environment of 
speech — it has to be acquired by gradual practice. 

The fundamental distinction, then, between 
individual traitB is one of origin, and a clear 
apprehension of this simple fact will prevent us 
falling into many an error. Wo saw previously 
that the two kinds of cells possessed by the 
higher animals are the germ cells and the colls 
composing the organs and tissues of the body. 
The terms 44 inborn," 44 innate,” 44 congenital," 
and 44 germinal," all refer to characters which 
take their origin in the germ cells, and are 
synonymous terms in biology. They should 
never be used in any other Bense in biology, or 
endless confusion follows. Similarly, all the 
characters which take their origin from the cells 
of the body are termed 44 acquired,” or 44 somatic” 
(pertaining to the body). 

Abnormal Character*. But now comes 
a most important consideration. It is a 
commonplace of observation that every indivi- 
dual differs, however slightly, from his parents 
even in inborn characters. No two are exactly 
alike, however close the resemblance. That is 
to say, every individual exhibits some new inborn 
characters, in addition to any differences which 
may be afterwards acquired. He differs con- 
genitally. It generally happens that these new 
inborn characters are more or less slight modifi- 
cations or alterations of characters which existed 
before. The skin may be thicker or more hairy, 
the nose larger, the mouth smaller, the foot 
broader, the sight keener, the hearing duller, and 
so forth, all alterations in traits which existed in 
preceding generations. All these new characters 
which are inborn, innate, germinal, or congenital, 
whether the new trait be a very pronounced one 
or merely a slight difference in degree of some 
former trait — all these are termed technically 
variations. If the new character is something 
quite unlooked for, and not in keeping with the 
usual characters of the species, it is termed an 
alnormality. Thus the possession of six fingers 
on the hand instead of the normal five is an 
abnormality. 
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Variation and Evolution. Variation 
then, may be said to be the appearanoe of 
new characters which take origin in the germ- 
plasm, with the result that no two individuals 
even of the same species are exactly alike. 
It is the existence of variation in animals and 
plants which lies at the root of the problems of 
evolution, for without variation there could be 
no evolution. The fundamental importance of 
variation was fully recognised by Darwin, and 
he was the first to collect any large mass of facts 
bearing upon the matter, these being published 
in his work, ** Variation of Animals ana Plants. ,r 
Darwin early realised that without variation there 
could Iks no such thing as organic evolution — 
evolution of living creatures, that is — and insisted 
upon this in his •* Origin of Species.’* But the 
student of the problem nowadays must recognise 
that most of Darwin’s facts relate to animals 
and plants in the domesticated state and not 

rowing wild, and it seems probable that he 

imself hardly realised the magnitude and 
universality of variation in natural conditions. 

44 As to the causes of variation, Darwin did not 
hazard many conjectures. To do so would have 
Ikkui premature, and from actual lack of know- 
ledge almost impossible. For many years after 
the publication of Darwin’s work, the additions 
to our knowledge of the subject of variation were 
exceedingly small. Scientists seemed to rest 
content with the material he had collected, and 
to theorise on this alone, rather than to test their 
theories by a search after fresh facts and data. 
Within the lost decade, however, the importance 
of the scientific study of variation has begun to 
be more thoroughly recognised, and has resulted 
in its being attacked with considerable vigour 
from several entirely different points of view. 
Investigations from the mathematical side have 
shown that many of the apparently disconnected 
facts of variation can be expressed with ease and 
lucidity by exact mathematical expressions, and 
that mucli material which has hitherto been 
regarded as quite outside all law was in reality 
amenable to treatment, according to the well- 
known laws of chance. Again, investigations 
from the experimental side have suggested much 
concerning the causes of variations, both genetic 
and somatic. Still, again, a fresh burst of 
activity in the collection of data regarding the 
actual facts of variation, more especially in 
respect of organ isms found in a state of nature, has 
shown us how much in this branch of the subject 
there remains for us yet to learn.” (Vernon.) 

Variation is Universal. It cannot be 
too strongly insisted upon that not only does 
every animal show some variation, but that it 
varies in respect of all its characters, of whatever 
kind these may be. The variation may be 
greater or it may be leas, but it always exists 
to some extent. Moreover, variation in one 
direotion may be, and often is, quite independent 
of variation in another. Because one person 
has a longer arm than another, it does not 
necessarily follow that his neck will also be 
longer. On an average this may be so. Indeed, 
there iB doubtless some degree of ^correlation 
between most parts of the body. 
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So much by way of consideration of the 
meaning of 14 variation,*’ a phenomenon which 
we recognise os inherent in living matter and as 
being of universal occurrence. It remains to 
add that while most variations, as we have said, 
are somewhat small differences in characters 
already seen, other variations are of much 
greater magnitude. They are sudden appearances 
which do not seem to be mere continuations 
of former characters. Such sudden and striking 
differences are termed discontinuous variations. 
As we shall see later, it is very probable that 
these discontinuous variations have been the 
means of the evolution of species at a much more 
rapid rate than was formerly supposed. Next 
we must turn our attention to the meaning of 
the term “ Evolution,” after which we Bhail b3 
in a position to discuss the causes of variation and 
their bearing upon the problem of evolution. 

The Misuse of “ Evolution.** At first 
sight it might be supposed that it is quite un- 
necessary to explain a word which is in such 
common use at the present day, but as a matter 
of fact hardly any term is so commonly misused. 
All sorts of people use it to mean all sorts of 
things, and for that reason we must here consider 
very carefully in what sense we ourselves use it. 
It is also necessary to point out Borne of the more 
popular misconceptions of the term. The word 
itself etymologically means an act of unfolding 
or unrolling. In the science of obiology the word 
came into use in the early part of the eighteenth 
century to Bignifv the theory which asserted 1 hat- 
all the parts ana organs were pre-formed in the 
germ, and that these gradually unfolded them- 
selves, so to speak ; in fact, it was thought that 
a sufficiently powerful microscope would enable 
the observer to see all the structures of the animal 
pre-formed in the egg. 44 We now know that 
the original theory of evolution or unfolding 
of pre-formed organs and tissues was nonsense.” 
(Saleeby.) 

“ The word owes all its meaning and value 
to Herbert Spencer, who had begun by 
attempting to show that there is in nature a 
law of progress. [See his great essay, 44 Progress, 
its Law and Cause.”] The title of another essay, 
now historic, 4 The Development Hypothesis ’ 
(1852), indicates the word then used to indicate 
the process which he later came to call organic 
evolution. It was in the year 1857 that, having 
found that the law of universal and ordered 
change is anethical, and is by no means neces- 
sarily synonymous with progress, Spencer intro- 
duced the word evolution to indicate that 
4 universal redistribution of matter and motion ’ 
which his genius discerned even in the days when 
all astronomical authority opposed the nebular 
theory.” (Saleeby.) 

The word, then, has a much wider and more 
far-reaching significance than popular usage is 
apt to associate with it. It refers not merely to 
a n i m als and plants, but to every element in the 
universe, whether living or non-living. Applied 
to living organisms, whether plant or animal, we 
must speak of 44 organic evolution,” not merely 
of 44 evolution.” The necessity for this precise 
and accurate use of the term is to be found in 
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the great advancement of thought upon the 
whole subject of the origin of the present con- 
dition of the universe. The organic evolution of 
plants and animals is only one phase of a universal 
principle “ proceeding in earth and sea and 
furthest sky, before time was and when time shall 
cease to be — for time is merely a human symbol, 
and the whole of human history is but as a 
watch in the night, a scarce considered stride in 
the path of the Eternal.” (Saleeby.) 

A Fascinating Theory. Professor G. H. 
Darwin, son of the immortal champion of the 
theory of organic evolution, has in his reoent 
address to the British Association laid stress on 
the fact of this wider evolution. He reminds us 
that “ the fascinating idea that matter of all 
kinds had a common substratum was of remote 
antiquity. In the middle ages the alchemists, 
inspired by that idea, conceived the possibility of 
transforming the baser metals into gold. . . . 
The object of alchemy, as stated in modem 
language, was to break up or dissociate the atoms 
of one chemical element into its component parts, 
and afterwards to reunite them into atoms of 
gold. Natural selection might seem, at first 
sight, as remote as the Poles asunder from the 
ideas of the alchemist, yet dissociation and 
transmutation depended on the instability and 
regained stability of the atom, and the survival 
of the stable atom depended on the principle of 
natural selection. Until some ten years ago the 
essential diversity of the chemical elements was 
accepted by the chemist as an ultimate fact, 
and, indeed, the very name of atom, or that 
which could not be cut, was given to what was 
supposed to be the final indivisible portion of 
matter. The chemist thus proceeded in much 
the same way as the biologist, who, in discussing 
evolution, accepts the species as his working unit. 
Accordingly, until recently the chemist discussed 
working models of matter of atomic structure, 
and the vast edifice of modem chemiBtry had 
been built with atomic bricks. 

“ Within the last few years, however . . . 
electrical researches . . . had shown that the 
atom, previously supposed to be indivisible, 
really consisted of a large number of component 
parts .... They were surely justified in 
believing that they had the clue which the 
alchemists sought in vain. ... If the elements 
were not eternal in the past, they must ask 
whether there was reason to believe that they 
would be eternal in the future. Although the 
conception of the decay of an element and its 
spontaneous transmutation into another element 
would have seemed absolutely repugnant to the 
chemist until recently, analogy with other moving 
systems seemed to suggest that the elements 
were not eternal.” 

Atoms not Eternal. “ At any rate it 
was of interest to pursue to its end the history of 
the model atom which had proved so successful 
in imitating the properties of matter. The laws 
which governed electricity in motion indicated 
that such an atom must be radiating or losing 
energy, and therefore a time must come when it 
would run down, as a clock did. When this time 
came it would spontaneously transmute itself 


into an element which needed less energy than 
was required in the former state. Thomson con- 
ceived that an atom might be constructed after 
his model so that its decay should be very Blow. 
It might, he thought, be made to run for a 
million years, but it would not be eternal. Such 
a conclusion was an absolute contradiction to all 
that was known of the elements until recently, 
for no symptoms of decay were perceived, and 
the elements existing in the solar system must 
already have lasted for millions of years. Never- 
theless, there was good reason to believe that in 
radium, and in other elements possessing complex 
atoms, they did actually observe that break-up 
and spontaneous rearrangement which consti- 
tuted a transmutation of elements. It was im- 
possible to say as yet how science would solve 
this difficulty, but future discovery in this field 
must surely prove deeply interesting. It might 
well be that the train of thought he had sketched 
would ultimately profoundly affect the material 
side of human life, however remote it might 
seem now from our experiences of daily life.” 
(Presidential Address to the British Association.) 

A New Realm of Ideas. It is im- 
possible to read the abovo extract from 
Professor Darwin’s address without being struck 
with the immensity of the thought which the 
modem use of the term evolution suggests. It 
seems to lift us into a new realm of ideas alto- 
gether, to bring before us conceptions of the 
universe undreamed of even a few years ago — 
conceptions which, though doubtless they have 
floated vaguely through the scientific imagina- 
tions of physicists and biologists, now for the first 
time are seen to be gradually assuming a definite 
shape. We realise that evolution really means 
that all things, living and non-living, are on an 
ordered journey, a journey which is immensely 
greater than what we usually associate with the 
term progress, and a journey which by no means 
necessarily coincides with our limited conception 
of what progress is. We realise that there is an 
inorganic evolution as well as an organic, and 
that both are included in any accurate usage of 
the word by itself. Evolution is adaptive change, 
and every theory of evolution is an attempt to 
supply the human mind with a reasonable 
explanation of such changes as are observed. 

Misconceptions of the Term. If 
we have carefully followed the above expla- 
nation, a very few words will suffice to 
dismiss the popular misconceptions of the word 
evolution. Nothing can better exemplify the 
popular abuse of the word than the common 
query, “ Do you believe in evolution ? ” In most 
cases what is meant is, “ Do you believe that man 
has descended from some sort of monkey ? ” 

This is no exaggeration ; every teacher of 
biology has had the question put to him in 
this sense. In the light of what we know to be 
the meaning of the word, the question is 
absurd upon the face of it. Evolution does not 
mean, ana never did mean, that man is a modified 
chimpanzee. That may be a true belief, or it 
may not — it does not affect the point ; but it is 
not the meaning of evolution. 

To be continued 
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DOOKKEEPING is the art of recording in a 
u methodical manner those transactions to 
which money values can he assigned. For 
instance, a certain banker gave his daughter upon 
her marriage a cheque for £10,000. Obviously, 
this is a transaction which falls within the scope 
of our definition, and as such we should expect to 
find it duly recorded in the banker’s books of 
account. But the banker was also concerned 
in a far more important transaction. In the 
cathedral at the marriage sorvice he gave away 
his daughter to the bridegroom. This trans- 
action was one to which no money value could 
In* Attached, and consequently no written or 
printed account of it could be regarded as 
bookkeeping. 

Definition of a Transaction. For pre- 
sent purposes, therefore, we shall limit the 
meaning of the word transaction by defining it 
as any act involving the transfer of money or 
money’s worth. Here, again, we must dis- 
tinguish between a transaction and a business 
transaction. The banker’s gift of £10,000 was 
an illustration of the former ; a sale of bricks 
to a builder would be an example of the latter. 

If we insert the words “ for value ” in our 
former definition we shall then have the true 
meaning of the term “ business transaction ” — 
namely, any act involving the transfer for value 
of money or money’s worth. The measure of 
the selling value of an article is called the price, 
and in some form or other every business 
transaction is done for a price. Even pro- 
fessional men place their knowledge and skill 
at the service of clients in return for a price, 
which may be variously designated as honor- 
arium by a barrister, bill of coats by a solicitor, 
charges by an accountant, fees by a doctor, 
commission by a stockbroker, and so on. 

The next point to consider is that every 
transaction wears a twofold aspect to each of 
the persons engaged therein. Thus the brick- 
maker sold bricks on credit to the builder, and 
thereby (1) his stock of bricks was diminished, 
but (2) he became a creditor of the builder for 
the price of the bricks. On the other hand, (1) 
the builder received £100 worth of bricks, but 
(2) he became a debtor for their value to the 
brickmaker who supplied them. 

Double Entry. Now, it is the proper 
function of bookkeeping to record transactions 
in suoh a way that their twofold or double effect 
is clearly seen. It is not enough for the brick- 
maker’s ledger to show that tae builder owes 
£100 for bricks delivered — that would be mere 
single-entry bookkeeping — it must also show 
that the stock of bricks has been diminished. 
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This would appear from the Sales account, 
which would be credited with £100, the amount 
already debited or charged to the builder. For 
every debit there must be a corresponding 
credit. . . 

Again, in the builder's books of account it is 
not enough for the ledger to show that the 
brickmaker is credited with £100 — that, again, 
would be mere single -entry bookkeeping — it 
must also show that the builder received the 
bricks. This would appear from the Purchases 
account, which would stand debited with £100, 
the amount already credited to the brickmaker. 
For every credit there must be a corresponding 
debit. 

Originally it was thought that the obser- 
vance of this cardinal principle made it neces- 
sary to enter the separate amount of every 
transaction under two different headings in the 
ledger, and hence arose the term double entry. 

Double Entry Abridged. But in 
the United Kingdom it has long been recog- 
nised that it makes no difference to the 
final result whether, for example, sales for £50 
to A, £75 to B, and £100 to C — after being duly 
debited to the personal accounts of A, B, and 
C respectively — are credited one by one to the 
Sales account as £50, £75, £100, or are posted to 
that account in one total of £225. The saving 
in time and labour by the second method is 
considerable, and we cannot fail to notice that 
whereas the term “ double entry ” implies six 
postings to the ledger — twice three entries, as 
above — we accomplished our object by the 
second method with four only — three debits 
and one credit. As a matter of fact, the 
accounts in a set of books kept by double entry 
arrange themselves in the form of a mathe- 
matical equation. The debit of any particular 
aocount is not necessarily equivalent to the 
credit of the same account, but if we have done 
our work properly, if we have carefully followed 
out the rule that there must be no debit without 
its corresponding credit, then the following 
equation holds good : 

Sum total of all debits = sum total of all 
credits. 

We may demonstrate this by taking the 
foregoing example and slightly elaborating it 
Assume that A and B settled their aocounts in 
full on April 28th, 1905, and that C paid his 
aocount on April 8th, less 2J% discount 
Suppose, moreover, that X, from whom A, B, 
ana C bought their goods, contemplated going 
out of business, and that in executing the 
several orders received from A, B, and C in 
March, 1905, he had cleaned out the remainder 
of his stock-in-trade at cost price. On the 



1st April, 1905, the position was this : X had 
already disposed of his fixtures, fittings, and 
office furniture and the lease of his business 
premises, and had realised all the business 
debts owing to him — sometimes termed Book 
Debts — except those of A, B, and C. There was 
standing to his credit in the books of his bankers 

EXTRACT FROM 
Dr . Cash 
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on April 1st the sum of £922 IDs. — reduced later 
in the day by cheque £20 drawn for Petty 
Cash— -but X owed £125 to D for money lent, 
and, as we have seen. A, B, andC together owed 
X £225. On the 29th April, just before the 
books of X were finally closed, the various 
ledger accounts appeared as under : 

THE BOOKS OF X. 

Account. - * Cr . 
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Dr . Stock- in -Trade. Cr . 


1905 
Mch. 1 

To Balance .. 

— 

225 

0 

0 



~1 

i 

i 



r— 

Dr. 



Sales Account. 





Cr. 

\ 

\ 

1 

1 

i 





1905 
Mch. 81 

By Sundries 

j 

225 

! 

i 

0 

0 


Dr. Trade Expenses. Cr. 




A Trial Balance. We may now con- 
struct a table of debits and credits, or, to use 
the technical language of Bookkeeping, we shall 
proceed to draw out a Trial Balance. 


other result is possible. Once let it be granted 
that the posting — or entry — of a debit to any 
account in the ledger pledges us to the entry of 
a credit for a like amount somewhere in the 


Debits. Credits. 


Cash 

1145 

0 

0 

Cash 

20 

0 

0 

A 

50 

0 

0 

A 

50 

0 

0 

B 

75 

0 

0 

B 

75 

0 

0 

C 

100 

0 

0 

1 c 

100 

0 

0 

D 

— 

— 

— 

D 

125 

0 

0 

Stock 

225 

0 

0 

Stock 


— 

— 

Sales 

— 

— 

— 

Sales 

225 

0 

0 

Trade Expenses 

22 

10 

0 

Trade Expenses 

— 

— 

— 

X Capital ! 

i _ 

— 

— 

X Capital 

|j 

1022 

10 

0 

Total Debits . . £ 

1617 

10 

0 

= Total Credits . . £ 

! 

1617 , 

10 1 

! ° 


Thus we find that, although the debits to a 
particular aocount are not always equivalent to 
the credits on the same account — D, for example, 
has a credit of £125, but no debit — yet the sum 
total of all the debits equals the sum total of all 
the credits. Indeed, to the reflecting mind, no 
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ledger, then, no matter how numerous the 
postings are, if we have done our work correctly, 
the sum total of all the debits will invariably 
equal the sum total of all the credits. Therefore, 
by double entry we are always in possession of 
a most valuable check upon the mathematical 












accuracy of the books of account. Going a step 
farther, we agree that it is immaterial to the 
final result whether we post items one by one 
or in total, so long as we observe the rule that 
the whole is equal to the sum of its parts. 

For instance, we notice in the Sales account 
a credit of £225, which corresponds to the 
separate debits of £50 to A, £75 to B, and £100 
to C, so that we are as truly carrying out the 
fundamental law of double entry in this case as 
if we had posted three credits to Sales account 
of £50, £75, and £100 respectively, instead of a 
total credit of £225. 

But a new question now confronts us. We 
are informed, for example, that C has taken a 
discount of 2£% off the statement of account 
for £100 sent to him by X, leaving a balance of 
£97 10s., which C has remitted by cheque. We 
are asked to show how these transactions would 
appear in C’s own ledger. We cannot do this, 
however, until we know whether to debit or 
credit X for the cheque remitted and for the 
discount deducted. At this point, therefore, 
it would be well for us to commit to memory the 
six secondary rules derived from the primary 
law of a debit for every credit and a credit for 
every debit. 

Rules Relating to Debit and Credit. 

Of these six rules, three relate to debits and 
three to credits. Incidentally, it may be men- 
tioned that the debit side of an account is 
always to the left and the credit side always to 
the right of a page or folio in the ledger. 

(a) Those persons who receive 
anything, the value of what 
they receive. 

(b) Those things which come in 
(as Cash, Goods, Office Fur- 
niture), the value thereof. 

(c) Losses, Expenses, and Allow- 
ances, items relating thereto. 

(d) Those persons who give any- 
thing, by the value of what 
they give. 

(e) Those things which go out 
(as Cash, Goods, Bills Pay- 
able), by the value thereof. 

(/) Profits, or sundry gains, by 
the items relating thereto. 
Remember that three G’s are credited : 

1. Persons who give. 

2. Things which go out. 

3. Sundry gains. 

We are now able to answer the question pro- 
posed above as to C. It was stated that he 
sent a cheque for £100, less 24% discount, or 
£97 10s. net , to X in full discharge of his in- 
debtedness. Here are two transactions, or, 
rather, it is one transaction in two parts — first, 
the deduction of discount £2 10s. ; second, 
the giving of a cheque for £97 10s. Take the 
second first. Cash goes out, therefore, by 
rule (e), cash is credited £97 10s. ; and X 
receives cash, therefore, by rule (a), X is debited 
£97 10s. 
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Now for the other part of our transaction. 
X, by means of a printed notice on the state- 
ment of account sent to C — such as “ subject 
to 2J% cash discount if paid within ten days ” — 
promises C that he will make him a present of 
sixpence in the pound if the whole amount of 
the debt is paid promptly. C avails himself of 
this offer, and thus makes a gain of £2 10s. 
By rule (/), some account representing profit 
must be credited by the amount of the item, 
and accordingly we post £2 10s. to credit of 
“ Discounts Received account. But if £2 10s 
is credited, a similar amount must be debited. 

A Problem in Posting. It is a little 
puzzling at first to know where to post this 
debit, and the ruleR do not seem to throw much 
light on the matter. No doubt we shall speedily 
arrive at the conclusion that because X was a 
creditor for £100 for goods supplied, but has 
since received £97 10s. in settlement , there ought 
to be no balance at all on his account, and that 
by debiting £2 10s. thereto we should kill two 
birds with one stone, for we should get rid of 
an inconvenient debit, and in doing so close the 
account of X in C's ledger. In fact, this pro- 
cedure would be perfectly correct, but it is 
important that we should be able to justify it 
by a reference to one or other of the six secondary 
rules above mentioned. These, when thoroughly 
understood, will give us every information 
required to enable us to record in proper debit 
and credit form all the multifarious transactions 
with which modem bookkeeping is concerned. 

Let us, therefore, attack the problem from 
another direction. 

X tells C that, on one condition, he will accept 
£97 10s. in settlement of the debt of £100. 
Why does he do this ? Are we to assume that 
X is giving money away to C, whom perhaps 
he has never seen ? Not at all ! X is one 
of those men who believe that “ business is 
business ” and not a mere parlour game, and 
we may rest assured that he did not forgo any 
portion of his full “ pound of flesh ” or any 
fraction of the whole debt of £100 without 
receiving some advantage therefrom. What 
was the advantage ? Surely it was the benefit 
derived from prompt payment. 

On referring to C’s account in the books of 
X, we find that the goods were sold on March 
31st, and that C paid for them on April 8th, or 
less than ten days thereafter. If he nad chosen 
to keep X waiting for his money for a month or 
two, paying the full amount of £100 at the end 
of that time, X could not have objected. But 
X remembers the proverb that “ He gives 
twice who gives quickly,” and it is well worth 
his while to offer C an inducement to pay 
before the actual due date. The reasons which 
influence business men to offer discounts and 
other concessions will be discussed more fully 
hereafter ; but as to X, his impending retirement 
and intention to go abroad as soon as possible 
are sufficient grounds for his anxiety to collect 
with all speed the debts due to him. 


To be continued 













DRAWING 


the angle containing that number of degrees. 
The divisions become smaller as they approach 
90°. The distance 0 to 60 is always the 
radius of the arc to be used in making any 
angle. 

Thus, to make an angle of 30°, draw any 
straight line 45 as in 110a. With either end, 
as A, as centre, and radius .460 in 110, describe 
an arc CD. With C as centre and 430 in 110 
as radius out CD in D. Join 4 A then DAC i* an 
angle of 30°. 

Til. The Sector. This instrument is formed 
of two flat legs hinged at O. Lines OL are drawn 
radiating from O , one on each leg, and are called 
the line of lines , by the use of which problems in 
proportion can be readily solved. There is also 
the line of polygons marked POL. Care must 
be taken to measure always from points on the 
lines (thick in illustration) drawn from the 
centre 0. The following five problems show 
some of its uses. 

To Bisect a Link. Open the sector until the 
transverse distance from, say, 8 to 8 on OL 
equals the given line. Then the distance from 

4 to 4 iB half the line. 

To Divide a Straight Line into Five Equal 
Parts. Open the sector until the transverse 
distance from 6 to 6 on OL equals the straight 
line, then the distance from 1 to 1 will be J of 
the given line. 

Find x in the Proportion 2 : x : : 6 : 2£. 
With the dividers measure 2J in. Open the 
legs of the sector until the distance between 

5 on OL of one leg and 6 on OL of the other is 
2J in. Then the transverse distance between 
2 and 2 on OL is the required distance x. 

112. To Inscribe a Regular Heptagon in 
a Circle. Open the sector until the distance 
from 6 to 6 on POL equals the radius CD of the 
circle. Then the transverse distance from 
7 to 7 on POL is the side of the heptagon. 

118. To Construct a Regular Pentagon 
on a Given Line AB. Open the sector until 
the transverse distance from 5 to 5 on POL equals 
AB. With 4 and B as centres, and the trans- 
verse distance from 6 to 0 as radius, make 
arcs intersecting at C. With centre C and 
same radius describe a circle. Set off AB 
round it. 

Ur© of Scales. 114. To Construct an 
Irregular Polygon from a rough Diagram, 
the Dimensions on a Diagonal AE , and 
the Ordinates 65, cC t dD , etc., being Given. 
45= » ch., Ah = 1 ch. 30 1., 46= 2 ch., Ag = 
4 ch. 40 1., Ac =6 ch. 30 1., 4/ = 6ch. 801., Ad 
= 7 ch. 15 1. The ordinates 65=2 ch. 60 1., gQ 
= 1 ch. 25 1., fF = 2 ch. 20 1., r*D = 1 eh. 60 1., 
cC = 1 ch. 10 1., and 65 = 2 eh. 80 1. Scale, £ in. 
to 1 ch. 

First construct the scale as Bhown. The 
diagonal scale is for obtaining measurements 
of 5, 10, or 15 1. Draw 45, 9 ch. long, according 
to scale, then set off 46, 46, Ag , ic., on it. 
At the points 6, 6, g, e, &c., erect the ordinates 
aooording to scale. Join 4, 5, (7, D y 5, F. 0 
and H. 

115. To Enlarge or Reduce a Drawing by 
a Proportional Scale. Say, to enlarge the 
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given drawing of a gate, so that 415 shall be 
2J in. First construct the proportional scale 
by drawing the two line* AB and 46 at any 
angle with each other, making 45 = 45 ana 
Ah sb 24 in. Mark the several distances on 
small drawing on 45. Join 5 and 6, and 
through 5, D, 5, 5, C and O draw parallels to 
56 as shown. Then the respective measure- 
ments along 46 are the required ones for the 
various parts for larger drawing. 

1 18. To Enlarge a Map. Make a proportional 
scale as before, and as shown in 116. Set out 
the squares for the larger map according to 
enlarged scale, and then draw tne map so that 
all parts come in corresponding positions in 
the larger squares to those of smaller squares. 

Triangles. 117. To Construct an Equi- 
lateral Triangle on a Given Straight Line 
45. With centres A and 5 and 45 as radius, 
describe arcs intersectin t at C. Join AC and 
BC. Then ABC is the triangle required. 
(Euc. 1.1.) 

118. To Construct a Triangle with Sides 
2.5 in., 1,8 in., and 3 in. First draw one side, 
say, 45 = 3 in. as base ; with 4 as centre and 
a radius of 2.5 in. describe an arc, and with 5 
as centre and 1 . 8 in. as radius, describe another 
arc cutting the other in C. Join AC and BC. 
which complete the triangle required. 

119. To Construct an Isosceles Triangle, 
the Base 45 and the Altitude CD being 
Given. Bisect 45 in 5 and at 5 erect a 
perpendicular, EF , equal to CD. Join 54 
and 55. 

120. To Construct an Isosceles Triangle 
having Given the Vertical Angle CDE and 
the Base 45. With D as centre and any 
convenient radius cut off DC equal to DE. Join 
CE. At A and 5 make angles each equal to 
ECD or CED. Then 455 is the triangle 
required. 

121. To Construct an Isosceles Triangle, 
ihe Vertical Angle C and the Altitude 45 
being Given. Draw DE perpendicular to 45. 
Bisect the angle C. At 5 construct an angle, 
on each side of 45 each equal to half the angle 
C. DEB is the required triangle. 

122. To Construct a Triangle, the Base 
45 and the Ratio 2 : 4 : 3 of the Angles 
being Given. Produce 45 any length. With 
4 or 5 as centre, describe a semicircle and 
divide it into nine equal parts (2 4- 4 4- 3). 
Draw AC through 2. Join 44. Through 5 
draw BC parallel to 44, meeting AC in C. ABC 
is the triangle required. 

128. To Construct a Right-angled Triangle 
the Base OH and Hypotenuse CD being 
Given. Take a line 4 5 equal to CD as diameter, 
and bisect it in 5. With 5 as centre, describe 
a semicircle 554. With 4 as centre and OH 
as radius, cut the semicircle in 5. Join 55 and 
A 5. 455 is the triangle required, with the right 
angle at 5. (Euc. III. 31.) 

124. To Construct a Right-Angled Tri- 
angle, the Hypotenuse 45 and an Acute 
Angle C being Given. Bisect 45 in D. With 
D as centre describe a semicircle on 45. At 
4 construct an angle BAE equal to C. Join 
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BE. ABE is the triangle required. (Euc. 
III. 31.) 

125. On a Given Base AB, to Construct 
a Triangle similar to a Given Triangle 
CDE. Make the angles at A and B respectively 
equal to those at C and D. Then ABF is the 
triangle required. 

126. To Construct a Triangle, the Alti- 
tude CD and the Base Angle * A and B 
being Given. Through C and D draw lines 
EF and OH perpendicular to CD. At C make 
the angle ECO equal to A and FCH equal 
to B. COH is the triangle required. 

127. To Construct a Triangle, the Base 
AH 1.75 in. Long, the Vertical Angle C 30°, 
and > he Altitude 1 .5 in. being Given. Bisect 
AB in D, and erect a perpendicular at D. At 
either end of AB make an angle of 60° (90° — 
angle C . 30°), intersecting the perpendicular at 
E. With centre E and adius EA draw the arc 
ABFO. Draw FO parallel to AB and 1.5 in. 
from it. Join FA and FB. ABF is the tri- 
angle required. The angle at the centre is 
always twice the angle at the circumferenoc ; 
ihus f the angle AEB is twice the angle AFB. 
(Euc. II. 20.) 

128. To Construct a Triangle whose 
Perimeter shall be equal io a Given Line 
A B n and the Sides in the Proportion 2:3: 4. 
Divide AB in the proportion 2 : 3 : 4 as shown. 
With D and C as centres, and DA and CB as 
radii respectively, describe arc* intersecting 
at E. Join DE and CE. Then EDO is triangle 
required. 

129. To Construct a Triangle, the Base 
AB. the Sum CD or the other Two Sides, 
and One of the Base Angles E being Given. 
A B make an nngl ABF equal to E. Make 
BF equal to CD. Join FA and bisect it by 
the perpendicular OH cutting FB in H. ABH is 
the triangle required. 

Quadrilaterals. 180. To Construct a 
Square, the Side AB being Given. At A 
and B erect the perpendiculars AD and BC 
respectively, each equal to AB. Join CD. 

181. To Construct a Square, the Diagonal 
AB being Given. Bisct AB by the perpen- 
dicular CD. With centre E and radius EAn 
describe a circle cutting CD in C and D. Draw 
AD.DBn BCbxi&CA. 

182. To Construct an Oblong or Rect- 
angle, the Two Sides AB and CD being Given. 
At A and B erect the perpendiculars AF and 
BE respectively, each equal to CD. Join EF. 

188. To Construct an Oblong, i he Diagonal 
AB and One Side CD being Given. Bisect 
AB in E. With centre E and radium EA 
describe a circle. With centres .4 and B and 
radius CD cut the .circle in 0 and H on opposite 
sides of AB. Join AOn OB, BH, and HA. 

184. To Construct a Rhombus, the Side 
AB and One of the Angles C peing Given. 
At A make an angb equal to C. and make AE 
equal to AB. With centres B and E and radius 
AB describe arcs intersecting at D. Join BD 
and ED. 

185. To Construct a Rhombus, the Diagonal 
AB and One Side CD beino Given. With 
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centres A and B and radius CD describe are* 
intersecting at E and F. Join AE, EB, BF, 
and FA. 

186. To Construct a Rhomboid, the Two 
Sides AB, CD, and an Angle E being Given. 
Draw FO equal to CD. At F make an angle 
equal to E. Make FJ equal to AB. Through 
J draw JH parallel to FO, and through O draw 
OH parallel to FJ, cutting JH in H. 

187. To Construct a Rhomboid, the Dia- 
gonal EF and the Two Sides AB and CD 
being Given. With centres E and F and 
radius AB describe arcs on opposite sides of 
EF. With the same centres and radius CD, 
describe arcs on opposite sides of EF intersecting 
the first arcs in G and H respectively. Join 
EO , OF, FH , and HE. 

188. To Construct a Trapezium, the 
Diagonal AB and Two Pairs of Equal Sides 
CF ahd EF being Given. With centre A and 
radius CD describe an arc. With centre B 
and radius EF describe another arc inter- 
secting the first in O and H. Join AO, OB, 
BH , and HA. 

MODEL OR OBJECT DRAWING 

In this part we shall explain how to draw 
conical and cylindrical-shaped objects. It is 
necessary that great attention should be given 
to the very important principles underlying 
the representation of the many thousands of 
Buch curved objects. More errors are made by 
beginners in drawing them than perhaps any 
other shapes. 

The different appearances of a circle have 
already been explained [See 17], so now let us 
take a simple one as our model. This object, 
like all others, may have an infinite number 
of apparent shapes, some of which are shown 
in 189-144. To understand the fundamental 
principles of drawing such an object, let us 
imagine there is a line, called the axis of the 
object , passing through the middle of the cone 
from the apex to the centre of the base {AB in 
189), and another line, CD. called the maior axis 
of the ellipse , along the surface of the base. It 
will be noticed that these two lines are at right 
angles to each other, and they always appear so, 
no matter in what position the cone may be 
placed. [See 139-144.] Prom this we deduce 
the following very important rule: The major 
axis of the ellipse always appears to be at right 
angles to the axis of the object. This rule holds 
good, not only for the cone, but for the cylinder 
and all other similar shaped objects, such as 
tumblers, flower-pots, pails, jars, bottles, vases, 
barrels, etc. [See 145-160.] 

The Cone. It is sometimes difficult to see 
that this is so, but the student must endeavour 
to train his eye to see this fact by careful 
observation and comparison. It is as essentia] 
to remember it as carefully as the rule that 
receding parallel lines appear to converge. A 
great help at this stage would be to get a cone 
(or, if this be unavailable, a large funnel would 
do), place it in such positions as indicated in 
189-144, and endeavour to see that the rule 
holds good always. 
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Fig. 189 is a view of the cone when standing 
upright with its base below the eye level, but 
140 is the appearance when the base AB is level 
with the eye. Here, again, the outline alone 
does not represent the roundness of the cone, but 
if it were shaded, as was done in 80, it would 
appear round. Fig. 141 is a view of the cone 
lying down with its apex turned away from the 
spectator, while 142 is the apparent shape when 
the apex is towards him. 

Fig. 148 shows the appearance when the cone 
is tilted with the edge of the base resting on a 
horizontal plane, and the apex raised and turned 
away from the observer. Notice how very 
muon the length is foreshortened. Fig. 144 
shows the cone lying down on a horizontal plane 
with its apex pointing directly towards the 
student. In 142 and 144, although the base is 
turned away from view, yet we see more than 
half the ellipse. 

It is generally best to commence drawing the 
cone by sketching the straight lines CA , CB in 141 
and 148, noting carefully the slant of each ; 
then draw the axis CD of the object, which 
biseots the angle BCA, next determine the posi- 
tion of the point D, by observing what the 
apparent length of CD is, and afterwards draw 
through D the major axis EF of the ellipse 
perpendicular to CD, comparing its length with 
CD. Then obtain the apparent length of the 
minor axis OH , thus obtaining the four points 
F, H, E, G, through which the ellipse should be 
drawn. It must be noticed that CA. CB do not 
necessarily intersect the ends of the major 
axis at E and F , but they are always tangents 
to the curve of the ellipse . 

The Cylinder. After all this explanation 
concerning the cone, the drawing of the cylinder 
should not give a great deal of trouble. It will be 
seen in 145-160 that in every case the major 
axes of the ellipses are perpendicular to the axis of 
the object. But there is another very important 
observation to be made, and that is, the ellipses 
at each end are not exactly of the same shape. 
With an opaque object this difference is difficult 
to realise ; but if the student makes a study of 
an object like that represented in 152 (which is 
constructed of two circular and equal pieces of 
stiff cardboard, with their centres joined by a 
piece of wood or stiff wire, so that the circles are 
Kept rigidly parallel to each other, and perpen- 
dicular to the wood or wire), he will easily be 
convinced, by measuring with the eye and a 
pencil, that the further ellipse is apparently 
rounder , or more like a circle, than the nearer one 
is ; the major axis of the further ellipse is a 
little shorter than that of the nearer one, while 
the minor axis of the further ellipse is (within 


certain limits) longer than that of the nearer 
one. 

Commence to draw the cylinder by sketching 
the straight lines AB and CD [See 148], and 
before doing so, three facts must be observed : 
First, what slant AB and CD make with the 
surrounding objects ; secondly, what distance 
apart they must be in order to obtain the correct 
relative thickness of the cylinder ; and, thirdly, 
the right amount of convergence, since they 
recede. Next draw the axis EF, and afterwards 
proceed as with the cone, but bearing in mind 
the apparent different shapes of the ellipses. 
The straight lines which are part of the drawing 
of the cone or cylinder do not represent edges, 
but the boundary between the visible and the 
invisible portion of the curved surface of each 
object. This well illustrates how conventional 
outline drawing is. 

Fig. 145 is the appearance of the cylinder in a 
vertical position below the eye level. Notice 
the different distances from front to back of the 
top and bottom ellipses. Fig. 146 shows the view 
when upright, but the eye directly opposite point 
A. Fig. 147 is the representation when the 
cylinder is lying on a horizontal plane, and the 
eye is directly opposite the left-hand edge. Fig. 
148 gives the appearance when the object is 
lying in a horizontal plane but slanting away 
from the observer. Fig. 149 is an end view 
with the length very much foreshortened. 
Fig. 159, when resting on one edge, and the 
further end tilted up away from the student. 
In 151 is shown a very common error in drawing 
the cone when in the position shown in 141. 
It should be noticed that in 151 the major 
axis of the ellipse is not at right angles to the 
axis of the object, as it ought to be. Fig. 158 
is an incorrect drawing of the cylinder, and shows 
two common mistakes, viz., the major axes of 
the ellipses are not perpendicular to the axis 
of the object, and the further ellipse is not wide 
enough. Fig. 158 ought to be drawn as in 148. 
In the wrong drawing [158] the major axes are 
vertical, and students may at first think that they 
ought to be so because the ends of the cylinder 
are really vertical planes ; but it does not follow 
that , because the ends are vertical , the apparent 
longest axis of the ellipse is vertical. If the 
student will make searching observation of the 
object, he will see that the apparent longest 
direction of the ellipse is slanting , as shown in 148. 

Useful Exercises. Good exercises at this 
stage would be to make studies of groups as 
shown in 154, and give most careful and search- 
ing observation to the proportion and perspective 
of the objects, in order to still further improve the 
power of seeing correctly. Do not forget the spaces. 


To be continued 
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EMPIRES OF THE EAST 

History of Assyria— continued. Seminums, Sardanapalus, and Nebu- 
chadnezzar. Phoenicia and its Fleets. The Medes and Persians 


By JUSTIN 

A Famous Queen. One of the later 
Assyrian rulers was the consort of the famous 
Queen Semiram is, and Semiramis at his death 
became Sovereign of Assyria. To her was due 
the enlargement of Babylon, the construction of 
quays and neat* hanging gardens, and the pro- 
tection of tne city by a broad surrounding wall 
more than 40 miles in circuit. The last ruder of 
this Assyrian Empire was Sardanapalus, who 
has been made a frequent figure in the romance 
and poetry of many a modem nation down to 
the days of Lord Byron, whose famous tragedy 
is still sometimes presented on the English stage. 
He led, according to some traditional and possibly 
romantic accounts, a life at once effeminate ana 
tyrannical, and provoked a rebellion among his 
Median subjects. The rebels at last conquered 
and imprisoned 8ardanapalus in the capital. 
Sardanapalus refused to surrender, and rallying 
his remaining energies for one last and desperate 
resolve, he made elaborate preparations for a 
dramatic death. He had a funeral pyre prepared 
for him— -the funeral pyre devoted in those days 
to receive the dead body of some great per- 
sonage — and into its flames he flung himself 
alive, and there finished an inglorious career by 
a spectacular suicide. 

Nearly two centuries after this event, some 
narratives tell us that another Assyrian king, 
who found himself unable to hold his throne 
against a coalition of the Babylonians and the 
Medes, sacrificed himself, after the example of 
Sardanapalus, on a funeral pyre, and the con- 
querors, becoming masters of Nineveh, destroyed 
the city altogether. Nineveh and all its monu- 
mental memorials were lost to the world for many 
centuries, and there was no actual certainty as 
to whore its site had been. Even its ruins 
seemed to have passed away. Modem dis- 
covery, however, penetrating beneath the surface 
of the earth, found monuments, sculptures, and 
inscriptions enough to secure for the lost capital 
its plaoe in the history of the world. 

Modern Discoveries. Paul Emile Botta, 
a Frenchman by birth and bringing-up, the 
son of an Italian poet and historian, was 
endowed with a genius for archaeological research 
and discovery. In 1843, within the memory of 
living men, he set himself to explore the site of 
Nineveh, and he discovered evidences enough 
beneath the earth, in monuments, figures, and 
inscriptions, to justify all that had been said 
about the arts, the civilisation, and the history 
of the long-lost city. 

A little later Sir Austen Henry Layard made 
larger and more complete excavations through 
the region which had once known the great city, 
and there found the remains of four palaces. 
In one of these palaoes, that supposed to have 
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been erected by Sardanapalus, he discovered 
monuments adorned with bas-reliefs and cunei- 
form inscriptions, and some enormous images of 
human-headed and sometimes winged bulls and 
lions. He published “ Nineveh and its Remains*' 
in 1 S43, ana “ Monuments of Nineveh " in 1850. 
Botta sent his discoveries to the Louvre in Paris, 
and Layard sent his to the British Museum. 
Layard, who died in 1894, played an important 
art in English political life and in diplomacy, but 
is place in the world’s history and the enduring 
celebrity of his name will be made for him bv 
the triumphs he accomplished in helping, witn 
such marvellous success, to restore the lost city 
of Nineveh to its secure place in human recollec- 
tion. Other and more recent explorers have 
added, and we may be sure will still add, to his 
work ; but we of these days may remember with 
oomplaoencv that the long- buried Nineveh was 
re-created by the genius, the energy, and the 
good fortune of men who belonged to our own 
time. 

Nebuchadnezzar’* Achievements. We 

must now return to the closing days of the Assyrian 
Empire. Babylon became the capital of Assyria 
after the destruction of Nineveh. Nebuchad- 
nezzar recovered many of the lost provinces of 
Assyria, restored the ruined parts of Babylon, 
and restored also many of the temples through- 
out the whole land. Modern explorers have 
found many monuments which are themselves 
records of his successes, and records also of the 
destruction he inflicted on conquered enemies. 
He destroyed Jerusalem nearly 600 years before 
the Christian era, and he endowed Babylon with 
many magnificent trophies of bis conquests and 
his captures. 

But the great days of Assyria were coming to 
an end. The fame of the country and the con- 
quering expeditions made by some of its king* 
had naturally begun to create powerful enemies 
outside its frontier lines and to tempt invasion. 
The Persian invaders under Cyrus, then king, 
besieged Babylon and captured it Cyras 
did not destroy the city he had taken, but 
made it his capital. The life and the exploits of 
Cyrus have been described by many Greek his- 
torians, but these histories axe for the most part 
fanciful and even mythological relics of old- 
time hearsay supplemented by a good deal of 
guesswork, and have suffered much disparage- 
ment from the practical discoveries of modern 
days. It is certain that Cyras became the most 
powerful of Asiatic sovereigns in his time, and 
that he adopted a policy, rare in those far-off 
days, and rare, indeed, in modem days, a 
policy of conciliation towards the differing 
religious faiths and practices of the races who 
baa come under his rale. 



The ere of the Assyrian Empire thus eame to 
an end. Daring her ages of independence 
Assyria made a deep mark on the history of 
Asia. Her system of government was some- 
what advanced for an Asiatic despotism at 
that early stage of the world's progress. The 
sovereign of Assyria, like other Oriental sover- 
eigns, was regarded as the absolute master over 
the lives and properties of all his subjects, but 
the king was not worshipped as a divinity, nor 
were there any castes in recognised existence — 
there was not even any system of sanctified or 
specially recognised classes among the subjects 
of the monarchy. 

Many Gods. The religion of the Assyrians 
appears to have recognised the idea of one 
supreme divinity, Assur, but there were also 
many other divinities, including the nature triad, 
Anu, Bel, and Hea, and the celestial triad, Sin, 
Shamas, and Istar, and to these, too, worship 
was always offered. The sun -god was one of 
the highest of the deities, and to him high 
homage was paid and the adoration of the stars 
made a part of the national religion. There were 
also some minor divinities. The Assyrian priests 
were closely engaged in the study of astronomy, 
as it was known to their observation, and it is 
even said that the first regularly arranged and 
ordered system of astronomy and the measure- 
ment of time by the movement of the planets is 
due to their observation of the changes taking 
place in the position of the heavenly bodies. 
The Assyrians, or at least the less educated 
classes among them, had bird-gods and fish-gods 
and other divinities representing the various 
forces of nature. The inhabitants were very 
industrious, and were especially skilful in agri- 
culture and commerce, in the making of carpets, 
textile fabrics, and ornaments of gold. We 
have already spoken of their remarkable skill in 
the sculptor's art, and the Greeks themselves 
derived some inspiration from Assyrian monu- 
ments and carved figures. Assyria may be 
described as one of the brightest constellations 
which our world could show in this dawn of its 
history. 

Early Traders. The Phoenicians come 
next in the order of our narrative. Phoenicia 
was a country on the sea-coast of Selia in Western 
Asia, and its people were among the first, the most 
venturous, and the most successful navigators 
known to antiquity. As far back as twenty 
centuries before the Christian era the Phoenicians 
had been establishing colonies along the shores 
of the Mediterranean and in its islands. They 
are believed to have poshed their oxplorings even 
farther, and there is some substantial evidence 
to show that they visited Great Britain and 
Ireland. Among their principal cities were 
Sidon, Tyre, ana Acre. The Phoenicians had, 
in the earliest days of which we can trace any 
evidence, been wanderers in search of a suitable 
settlement, and had established themselves in 
the region afterwards made famous by their 
name. The physical conditions of their settle- 
ment were in themselves an incitement and an 
assistance, for they had the sea in front of them 
and great mountain ranges behind them, in which 


mountain ranges were ancient forests offering 
ready material for the building of ships. The 
inhabited country thus became very prosperous, 
cities were founded and soon multiplied, and the 
populations greatly increased. 

After a while the Phoenicians found it necessary 
to plant colonies elsewhere, partly to relieve 
the overcrowding of the home region, and partly 
with the object of spreading their commerce 
and adding to their revenues. They estab- 
lished themselves in the iEgean Islands long 
before the time of the Greeks, they Bent their 
emigrants to establish commercial enterprises in 
Africa, Spain, Italy, and France, and at one 
time they had founded three cities in Sicily alone. 
Carthage, which played so important and 
powerful a part in history, was founded by 
Phoenician enterprise on the African coast. 

The Wealth of Phoenicia. The 

Phoenicians compelled the Hebrews to yield to 
them two ports on the Red Sea, from which theii 
fleets incessantly went forth on the quest for ivory 
and gold dust in the famous land of Ophir, spices 
in Arabia, pearls in the Persian Gulf, and all 
manner of valuable products in the Indian 
region. The Phoenician caravans went through 
Persia, Arabia, and Thibet, and brought back 
the silks of China, the furs of Tartary, and the 
jewels of India. The flourishing commerce of 
Phoenicia soon hod the effect to be expected in 
those days, and in much later days, and it 
tempted the cupidity of invaders. The Pharaoh 
sovereigns were among the conquering invaders. 
Tyre was captured by many successive con- 
querors, and was reduced almost to absolute 
ruin by Alexander the Great. 

Phoenicia had by this time lost her place 
among the ruling empires of the East, but 
she had the happy faculty of taking from 
her conquerors much that they had to give 
of art, industry, and science. Thus she obtained 
from Babylon a metric system, and got from 
Memphis the principle of "alphabetical writing, 
which came to be adopted in one form or another 
by all the civilised peoples of the world. The 
story of the Phoenicians is in many of its 
characteristics a narrative of the earliest develop- 
ment of scientific education and of organised 
commerce. The Phoenician religion appears, 
like that of many other nations, to have begun 
as monotheism and to have degenerated into 
polytheism. Some of the best known names of 
their deities are Baal, Astoreth, Rimmon, and 
Moleoh. The Phoenicians were very religious, 
and carried their faith with them everywhere. 

Made# and Persians. The Modes and 
Persians played a very important part in early 
history. They belonged to the race known 
as Aryan, and were made up of fair-skinned 
tribes which had found a settlement in the region 
of the Indus, and of the Iranians, who made their 
home in Media and in Persia. The separation 
of this race into two divisions is generally 
believed to have been caused by a difference as 
to religious belief. Both alike regarded Zoroaster 
as their great legislator, whose teachin g s are 
enshrined in the A vesta, the Persian sacred book. 
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* Lofty Teachings. The principle of those 
teachings appears to have been considerably in 
advance of that of other polytheistic creeds. The 
central idea was that of a strife continually going 
on between the spirit of good and the spirit of evil. 
The spirit of good typifies the highest principle 
of life, and has for its emblem the sun, which 
was regarded as the type of all light and all pro- 
gress towards happiness ; while the spirit of evil 
represented the whole combined forces which tend 
to the moral and physical degradation of man. 

These two rival spirits had around each 
of them a vast and even infinite number of 
spiritual followers, a complete hierarchy, each 
struggling unceasingly to make its chief the ruling 
wer over all. The divinities of good were 
lieved to labour incessantly to teach man how 
to make his life all light, virtue, and progress 
towards happiness here and hereafter, while the 
evil spirits were occupying themselves in endea- 
vouring to thwart man’s progress towards good 
and to bring upon the earth all manner of 
demoralising influences and even all manner 
of destructive animal creatures. But this creed 
always accepted as an immutable end the ulti- 
mate triumph of good over evil, and it even 
went so far as to make it the consecrated belief 
that in the end the deity, who typified the spirit 
which the modem world regards as that of 
the Supreme Creator, was not only to conquer 
but even to pardon the enemies who had so long 
set themselves against his divine will. The 
goodness of the Creator was declared to be eternal 
as to time and limitless in its application, and 
even those worst of beings who incessantly and 
deliberately endeavoured to defeat his benign 
purposes were after a time to be called to re- 
demption and enabled to enjoy the pure delights 
of heavon, and all the misled wicked ones of 
earth whom the influence of the demons had 
corrupted were also to attain redemption. 

Zoroastrianism. The Persian heaven was 
a very exalted creation of mortal thought and 
feeling at such an early stage of the world’s 
growth, and the Eastern races in general have 
not developed a higher ideal down to the present 
day. Zoroaster may be regarded as the founder 
of this reformed Persian faith which succeeded 
the creed adopted up to his time. The name 
of Zoroaster is but an ancient Greek modifica- 
tion of its Persian form, which has long since 
dropped out of European use. There is but 
little definitely known as to the period when he 
lived and taught, but it would appear that it 
cannot be assigned to any date later than BOO 
years B.c„ and that it may even have belonged 
to a considerably earlier time. The teachings of 
Zoroaster insisted on faith as necessary to 
salvation, but also demanded good works. These 
teachings did not glorify or even recommend 
mere asceticism where the asceticism had no 
purpose for the general good of humanity, but 
taught that man’s earthly career was in itself a 
sacred thing, and that work with a high purpose 
might be made as holy as prayer. Every reli- 
gious service required prayers and an offering, 
and the prayer often was a confession of sin and 
a plea for mercy. 
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Hie exalted character and the pure form of 
worship which belonged to this people did not 
prevent their rulers and them from causing many 
troubles and disturbances in those parts of the 
world which were accessible for invasion and 
conquest, and we shall have to refer many 
times in the course of this history to some of the 
calamities which Persian sovereigns brought 
on the lands which they were eager to 
subjugate. 

The Medea. We only begin to have any- 
thing like an authentic account of the Medes 
from the records and monuments of the seventh 
century before the Christian era. The Medes 
were an Aryan people, and followers of the faith 
of Zoroaster. Somewhere about that period 
Arbaces governed Media as an Assyrian province. 
Although a representative of the Assyrian king, 
he was Ted to revolt against Sardanapalus, and his 
rebellion proved unexpectedly successful. The 
Modes were now free from foreign rule, but their 
first enjoyment of freedom displayed itself for a 
considerable time in something like anarchy. 

The right man appears to have come at the 
right time. This man was Dejoces, who obtained 
great influence over the people, and reigned for 
more than half a century, during which his 
people had a period of absolute peace and of 
growing prosperity. This era of peace did not 
last long. The son and successor of the Median 
sovereign made war against the Persians, and 
was himself killed by a king of Nineveh. The 
son of the slain sovereign sought to take venge- 
ance by attacking the city of Nineveh, and the 
city was rescued only by an invasion of the 
Scythian race. The Scythians were at that 
time a barbaric people, and for more than half 
a century they made themselves known through- 
out Western Asia by their invasions and 
rapine. 

The Banquet of Death. The story is 
told that the Median sovereign Cyaxares disposed 
of the Scythian chiefs by inviting them to a great 
banquet, during which the chief of the foreign 
guests were put to death and their followers 
expelled. That same Median sovereign after- 
wards captured Nineveh and reduced to subjec- 
tion a large extent of Asia Minor. Lord Byron, 
in one of his Hebrew Melodies, has vividly 
commemorated the destructive powers of the 
Medes and Persians. The poet describes to us 
a great festival held at the court of Belshazzar, 
and tells how, at the high moment of the 
feast, the fingers of a hand were seen to write 
some letters on the wall. The King insisted on 
the meaning of the written words being revealed 
to him, but the wisest of his advisers were unable 
to decipher the inscription. One interpreter, 
however, presented himself — Daniel the Prophet. 
He was able to read the lines and expound their 
meaning, and they predicted the ruin and the 
death of the monarch. The closing lines of the 
poem foretell the fate and the ruin of Belshazzar, 
and predict his immediate death. 

The Medes may be said to pass out of history 
when their separate dominion passed away, and 
they became absorbed into the domain of Persia. 

To bt continued 
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THE WARFARE OF PLANT LIFE 

The Struggle for Existence. How Plants Compete for Food 
and Light Parasites. Plant£ that Feed upon Insects 


By Professor J. R. AINSWORTH DAVIS 


Naked-seeded Plants. We shall have 
occasion to mention some of these plants 
( Gymnosperms ) in various connections ; a few 
general remarks about them here will, there- 
fore, be appropriate. As already mentioned, the 
ovules are not enclosed in an ovary, so that the 
pollen grains fall directly upon them, and there 
is no need for long pollen-tubes, as in pod-plants 
( Angiosperms ), where the pollen grains fall upon 
a stigma. 

The groups of Gymnosperms are three in 
number: (1) Switch -plants, etc. (Gnetacece) ; (2) 
Cone-bearers (Coniferce) : and (3) Cycacls 
( Cycadacece ). 

Switch-plant Family ( Gnetacece ). The 
switch-plants ( Ephedra ), together with two other 
genera, make up a small family of somewhat- 
peculiar forms, limited to the hotter parts of 
the globe. They present an approach to the 
pod-plants in the fact that their small flowers 
possess a perianth, and in this respect are more 
specialised than those of other gymnosperms. 

Cone-bearers (Conifers). The great ma- 
jority of gymnosperms belong here, familiar 
examples being monkey-puzzle (Aravraria), pine- 
trees ( Pinus ), firs (Abie# and Picea), cedar 
( Cedrus ), larch ( Larix ), cypress (Cupreous), 
juniper ( Juniperus ), yew ( Taxu. s), and others. 
Many are forest-trees of considerable or great 
size, and in some parts of the world may cover 
large areas, as, e.g., in the cooler parts of the 
Northern hemisphere. Among them arc the 
gigantic Wellingtonia (Sequoia gigantea) and red- 
wood ( S . sempervirens) of North America. The 
former may attain a height of over 460 feet, 
exceeding every other known tree in this respect, 
though a species of eucalyptus is a good second 
(over 422 feet). The circumference of a 
Wellingtonia trunk may be as much as 112 feet, 
but this is exceeded by several other forms, 
sweet chestnut heading the list with 204 feet. 

The resinous timber of various cone -bearers, 
the “ soft woods ” of forestry, is of immense 
economic importance. 

Most members of the group are evergreen, with 
tough, leathery leaves, which, as a general rule, 
are either needle-shaped or resemble scales. 
The simple flowers are of two kinds, male and 
female, which in nearly all cases are in the form 
of cones, and possess no perianth [66]. 

Cycads. These are a small group (Cycadacece) 
of comparatively lowly forms, which in past 
geological times were very numerous and widely 
distributed, but have since been supplanted by 
higher types. They are limited to the hotter 
parts of the globe, especially Central America 
and Australia. A cycad is not unlike a palm in 


appearance, but usually with a much shorter 
trunk [67]. There are male and female cones, as 
in the last group. 

THE STRUGGLE FOR EXISTENCE 

We now come to the most fascinating part of 
botany, which deals with the relation between 
form and structure on the one hand, and the 
mode of life on the other. The constant struggle 
for existence which has taken place for countless 
ages, has led to the evolution of innumerable 
devices for the maintenance of the life of the 
individual and the perpetuation of the species. 

Competition for Food and Light. We 

have already seen that food is largely taken up 
by roots from the soil, but, as the supply is 
limited, a plant is obliged to struggle vigorously 
to obtain its due share, and failure spells death. 
Shalhru'-rooted forms do their best to extract 
nutriment from the surface layers, and we may 
convince ourselves of the keenness of the competi- 
tion in these layers by examining the under-Bide 
of a piece of turf, when we shall find innumerable 
pale rootlets tangled together in inextricable 
confusion. By sowing an assortment of grass 
seeds in a prepared patch of ground, we shall 
ultimately find that certain forms soon get the 
better of others, very largely owing to the 
possession of more numerous and more vigorous 
roots. 

Deep-rooted plants mainly rely upon the water 
with dissolved salts to be found at some distance 
from the surface. The roots of many desert and 
shore plants are obliged to penetrate for an 
astonishing depth before they get what they 
require. In sand-sedge (Carex arenaria) and sea- 
holly ( Eryngium ). for example, a vertical length 
of some 48 ft. may lie attained ; while in some 
of the plants which live in the African deserts 
the roots may be twenty times as long as the 
parts above ground. 

Fungi which Help Roots. The roots of 
most forest-trees and some other plants are 
invested in a close sheath of delicate threads 
( mycorhiza ), which belong to the group (fungi) in 
which toadstools and moulds are included. 
These threads are closely connected with the 
roots, and may penetrate more or less into 
them [68]. We have here what is probably a 
mutual benefit association between tree and 
fungus. At any rate, the latter provides the 
former with some of the nitrogen-containing 
food which it requires, though it is doubtful 
how far a return is made for this. 

A much clearer case of mutual benefit is 
afforded by leguminous plants, such as peas, 
beans, and the like. If the roots of one of these 
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are examined* a number of iitttt swellings, or 
nodules, will be found here and there [69], which 
contain a large number of minute fungi, probably 
to be regarded as bacteria* These are provided 
with a sheltered . home, and no doubt absorb 
some of their fcjbd from the root in which they 
live, but not to to injurious extent, though th 
nodules in which they live are the result of 
abnormal growth set up as a result of the 
irritation caused by their presence. 

How a Plant Enriches the Soil. The 
benefit conferred by these microscopic plants 
on their large associates is very considerable. 
As we have already seen, nitrogen is an abso- 
lutely essential element in plant- food, and this, 
in the uncombined gaseous form, constitutes the 
greater part of the air, including, of course, that 
which is present in the soil. A green plant, 
however, is incapable of using this free nitrogen 
os food, for which purpose; it must be combined 
with other elements to form nitrates. But the 
microscopic fungi in the nodules are able to 
cause the free nitrogen of the air in the soil to 
enter into combination, so as to form these very 
nitrates which are of such importance for the 
life of the leguminous plant. 

Hence we see the desirability of including 
clover, or some other leguminous form, in a 
rotation of crops, for the arrangement described 
renders it unnecessary to apply expensive 
manures for the sake of the nitrogen they 
contain. Not only does such a plant cater for 
itself in this matter — or rather, is catered for by 
itsfungUH friend— but it actually loaves the soil 
enriched with nitrates for the benefit of the 
succeeding crop. 

Competition Between Leaves. As 

leaves alisorb from air the oarlion dioxide which 
constitutes an essential part of plant-food, it is 
clear that the competition above ground for 
this must be as keen as the competition below 
ground for food of other kind. But here the 
matter is complicated by the fact that the 
leaves build up the simple nutriment of the 
plant into complex organic substances, and this 
can only be done by aid of the characteristic 
green colouring matter chlorophyll , which can 
only work in the light. Hence loaves have to 
oompete for light as well as food. 

Many plants adopt the bold policy of grow- 
ing vertically upwards in the search for food 
and light. This is naturally carried to an 
extreme in forms which live for a num- 
ber of years — i.e., perennials. As we have 
seen, certain trees attain an enormous height, 
and in those which are either Dicotyledons or 
Gymnosperms the trunk thickens by annual 
additions of wood to the exterior, thus pro- 
viding support to the increasing mass of foliage, 
while, at the same time, the root-system is 
correspondingly enlarged. The age attained by 
some of these trees is prodigious, a few of the 
best authenticated cases being as follows : 
cypress and yew, 3,000 years ; sweet chestnut, 
oak, and cedar of Lebanon, 2,000 ; spruce, 
1,200 ; lime. 1,000. 

When trees are associated together into 
forests, their branches and foliage form a huge 
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s cree n , by which light is more or lees excluded 
fr o m the ground beneath. In the case of pines, 
firs, and other evergreen forms, the obscurity 
thus brought about is permanent, and plants 
which require much light are unable to grow 
in the soil so overshadowed. Toadstools and 
other fungi, however, which are independent of 
light, flourish in woods and forests. Where the 
associated trees are deciduous — i.e.. shed their 
leaves in autumn — it naturally enough follows 
that the ground is sufficiently illuminated in 
spring to enable the growth of herbs which 
require plenty of light. And at this time of the 
year we shall find a number of plants carpeting 
such a “hard-wood ” forest, and hastening to 
unfold their leaves and flowers before they are 
plunged into gloom by the growth of a dense 
green canopy above them. Conspicuous among 
such herbs are wild hyacinth, or English blue- 
bell (S cilia), snowdrop ( Oalanthus ), wood sorrel 
( Oxalis ), and wood anemone. At the edge of 
such a wood, or in its open glades, herbs and 
shrubs are naturally more abundant. 

Climbing Plants. By adopting a climb- 
ing habit, many plants are able to secure their 
due share of light without having to waste 
their substance in the manufacture of a strong 
vertical stem. A number of forms, without 
actually climbing, secure the display of their 
leaves by trailing or sprawling along the ground, 
as may be seen in periwinkle ( VincaX From 
this we pass to cases where the stem is studded 
with hooks, which render climbing possible, as 
in blackberry or bramble {Rubus fruticosus ), 
that scrambles over hedges. An example on 
a large scale is afforded by the climbing palms, 
which stretch from tree to tree — holding on by 
their spiny leaves — and may attain the length 
of 650 feet. 

The root -climbers , such as ivy ( Hedera helix), 
adopt another method of ascent, for they hold 
on to tree-trunks, walls, or other objects by 
moans of tufted roots which grow out from the 
nodes of the stem [70]. 

Another interesting method of struggling up 
to obtain light is afforded by the twiners, in 
which the stem winds itself round and round 
some support. This may be effected either in 
a right-handed or left-handed way. where the 
tip of the plant moves round in the direction of 
the hands of a clock or the contrary respect- 
ively [71]. To the former belong honeysuckle 
{Lonicera) and hop (Humulus lupulvs ) ; to the 
latter, bindweed {Convohnilus) and scarlet- 
runner (Phaseoliis multiflorus). Indian cress 
(Tropceolum), clematis, and some other forms 
ascend by means of their leaf -stalks, which 
twist themselves round any firm objects of 
suitable shape [72]. 

Methods of Tendrils. All are familiar 
with the slender climbing organs known as 
tendrils, which are extremely sensitive to con- 
tact, and move about until they touch some 
stem around which they can firmly twine 
themselves. These peculiar structures may 
be specialised branches, as in the vine {Vitis) 
[73] and Virginia creeper {Ampehpsis). In 
most cases a tendril holds on to a cylindrical 
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support, but in one kind of Virginia creeper 
(A. Veilchii) there is an arrangement 'hj 
which even smooth wails can be climbed, 
for the tips of the tendril-branches swell into 
sticky pads, which adhere firmly to brick or 


stone I 


Len pea {Pimm) and many 
ave converted some of the 


[74]. The 
of its relatives 
leaflets of their compound leaves into tendrils 
[75]. In the white bryony (Bryonia dioica ), 
our only native representative of 
the cucumber order, there arc 
simple tendrils, which, after twist- 
ing round a support, coil into a 
tight spiral about the middle of 
their length [76]. This not only 
pulls the bryony firmly against the 
hedge up which it is climbing, 
but every spiral acts as a spring, 
which yields to the wind, pre- 
venting the plant from being 
forcibly tom from its anchorage. 

Manv tropical orchids and certain 
other forms are to bo found grow- 
ing on trees far from the ground, 
using these merely as a support, 
and not preying upon their sap. 

Such plants are epiphytes. Their 
roots, which are necessarily in the air, are of 
peculiar structure, absorbing moisture from the 
humid atmosphere of the forest in which they 
live. 

Parasites. A number of the higher plants 
have, more or less, 
given up the struggle 
for obtaining food in a 
legitimate fashion, and 
have adopted the para- 
sitic habit, developing 
suckers, by which they 
extract food from other 
forms which are getting 
an honest living. A num- 
ber of such forms are to 
be found in forests, 
where they attach them- 
selves to the roots of 
various “hosts,” as 
organisms are called, 
w’hich must perforce 
give up some of their 
juices to unscrupulous 
associates. The pheno- 
menon is by no means 
limited to forests, but 
may be seen here and 
there wherever vege- 
tation is dense and rank, 
and where the device of 
parasitism has saved cer- 
tain plants from succumbing altogether in the 
struggle for existence. 

Half Parasite*. Some members of the 
foxglove order (ScrophuUtriacem) are green in 
colour, and partly get their food in a legitimate, 
partly in a parasitic, fashion. Suoh half 
parasites are eyebright (Euphrasia), louse-wort 
(Pedicularis), and cow- wheat (Mdampyrum). 
Upon their roots are little swollen suckers, 
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which fix themselves to the roots of their 
neighbours [77]. The mistletoe (Viscum album) 
fixes itself to the branch of a tree [78]. 

Full Parasites. Not distantly related 
to the plants last mentioned are the brownish 
broom-rapes ( Orobanche ), which have given up 
the green colouring matter for which they have 
no need, and of which different species attack 
the roots of broom and other shrubby leguminous 
forms, ivy, hemp, milfoil, scabious, 
etc. [78]. 

The members of one small order 
of parasites ( Bafflesiacece ) are found 
in the tropical forests of both old 
and new worlds, and some of them 
are remarkable for the enormous 
size of their blossoms. The most 
extraordinary species in this re- 
spect (Rafflesia Arnoldi) is native 
to Sumatra, where it grows upon 
the roots of wild vines, and bears 
gigantio flowers over a yard in 
diameter, the largest known [80]. 
They smell like putrid meat, and 
attract carrion-flies. 

Another very notable parasite 
is dodder ( CusctUa ), a degenerate 
meml>er of the bindweed order ( Convolvulacece ), 
which twines round the stems of its victims 
and extracts their sap by means of sucker- 
like organs [81]. Hemp, clover, and flax are 
among the cultivated plants attacked. 

Leaf Mosaics. We 
have seen that the shape 
of leaves and the method 
of their arrangement 
have reference to the 
utilisation of light. In 
a climate like our own, 
where sunlight is not 
too abundant, the neces- 
sity for making the most 
of it has caused the 
evolution of a great 
variety of leaf mosaics , 
in which a number of 
adjacent leaves or parts 
of leaves fit together to 
make up an almost con- 
tinuous sheet of green, 
without blank spaces, 
in iifct and suggesting the rela- 
air tion of parts in a piece 
of mosaic work. The 
leaf rosettes of daisy, 
dandelion, etc., and the 
foliage of many trees 
furnish excellent ex- 
amples. 

An instructive and easily studied case is that 
of ivy (tTcdera helix). When this plant applies 
itself closely to the ground, a tree trunk, or a 
wall, its leaves are illuminated from one side 
only, and each of them is provided with five 
sharp lobes, which fit neatly into the correspond- 
ing indentations of their neighbours [70]. But 
in such a place as the top of a wall we shall find 
shoots growing straight up into the air, and 
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receiving light from all directions. Under such 
circumstances the leaves are of a continuous egg- 
shaped outline, retaining only the angle at the tip. 

The blades of many leaves are deeply divided, 
sometimes in a very complicated fashion, and 
in a “ compound ” leaf there is a splitting into 
a number of distinct leaflets. Such an arrange- 
ment is often found in plants which are crowded 
together — e.g ., in a hedgerow, and it is clearly of 
advantage in enabling a plant to take advantage 
of narrow spaces through which light penetrates. 
A good example is the common herb Robert, or 
wild geranium ( Geranium Robertianum) [82]. 
Such a division, however, may have come about 
as an adaptation to conditions of other kind. 
Sometimes, for instance, it may be explained 
as an arrangement for preventing wind from 
tearing the delicate tissues of the leaf. 

Carnivorous Plants. 

While parasitic plants live 
partly or entirely at the 
expense of other forms of 
vegetation, the flesh- 
eating, or carnivorous 
plants, have evolved 
arrangements by which 
they are enabled to feed 
more or less upon small 
animals, especially insects. 

One of the most familiar 
carnivorous plants is the 
bu t ter wort ( Pingv icula ) , 
common in the damp 
patches near moorland 
streams and springs [83]. 

The flowers are something 
like those of violets, and 
rise from the centre of 
a rosette of pale-green 
leaves, which, being slip- 
pery to the touch, have 
given rise to the popular 
name. On the upper sides 
of these leaves, near their 
margin, are a large number 
of peculiar hairs, which 
pour out a sticky fluid. Should a small insect be 
ro unfortunate as to settle on some of these it is 
held fast, and the sensitive margin of the leaf 
curls over it. The fluid possesses digestive pro- 
perties, and reduces parts of the body of the victim 
to a solution, which is absorbed by the leaf as food. 

Associated with the butterwort we often find 
the sundew ( Drosera ), which is a still more deadly 
foe to insects, even large ones. Here, again, we 
find a leaf -rosette, the members of which have 
a remarkable appearance [84], for the rounded 
or, it may be, oval leaf-blade is studded with 
reddish tentacles, shaped like pins, upon the 
tigs of which glisten drops of fluid — hence 
the name “ sundew.” This fluid, however, is 
not dew, but a sticky digestive fluid which 
exudes from the ends of the tentacles and serves 
the same purpose as the fluid in butterwort. 

Venus's Flytrap. Venus’s Fly-trap 
( Dioncea ), is a North American relative of* the 


sundews, possessing leaves which are specialised 
into a peculiar kind of capture apparatus [85], 
Each half of the leaf -blade is fringed with long 
spines, and upon its upper surface are three 
sensitive hairs. If an insect is unfortunate 
enough to touch one of these, the leaf rapidly 
folds up, and two sets of spines interlocking 
so as to render escape impossible, a digestive 
fluid is now poured out from minute hairs 
which stud the surface of the leaf, and the last 
act of the drama is as usual. 

In the pitcher-plants, of which numerous 
species inhabit the warmer parts of the globe, 
we find that the leaves are modified into 
variously shaped receptacles which prove fatal 
to many insects [86]. These are attracted by the 
colour of the pitchers, which are commonly 
blotched with purple, and also by a sweet fluid 
secreted in the neighbour- 
hood of their mouths. 

The small organisms 
which swarm in fresh 
water are not altogether 
spared by carnivorous 
plants. In bladder-worts 
(Utricularia), for example, 
parts of the leaves are 
swollen into little rounded 
traps [87], each of which 
has an inwardly opening 
door. 

Influence of Water 
in Plant Life. A large 
amount of water ovapo- 
rated from the leaves and 
young stems of plants n 
a process which is known 
as transpiration . A plant 
which has a large amount 
of water at its dispo a al 
transpires to a corre- 
sponding extent, and also 
ossesses arrangements 
y which superfluous 
moisture is prevented 
from accumulating upon 
it. Such a plant is termed a hygrophyte. If, on 
the other hand, the water supply is scanty or 
difficult to absorb, transpiration is checked by 
various devices, and there may be arrangements 
for storage of liquid. Conditions of the kind 
have led to the evolution of xerophytes. 

It has been proved experimentally that many 
plants alter completely in appearance if the 
water at disposal is varied in amount. A good 
case is that of the gorse ( Ulex Europceus) [89]. 

Some leaves are able to get rid of water in 
the liquid form, generally at or near their edges. 
This is tin origin of the drops of liquid which 
may often be seen sparkling on Indian cress 
(Tropoeolum) and lady’s mantle (Alchemilla) [88]. 
In tropical forests transpiration goes on more 
rapidly as soon as the sun rises, and the water 
vapour condenses into a sort of fine rain. The 
so-called “weeping tree” ( CcescUpinia pluviosa) 
is a notable example [90]. 
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in making a “ talking ” window display. The 
dresser of a window should go to work like the 
painter of a picture. He should have a clear 
conception of his aim — a central idea, a promi- 
nent feature — all else should be in the nature of 
accessories, subordinate to the main idea, 
emphasising it, if possible, but not robbing it of 
some of its potency. Let us take, for example, a 
bootmaker's window. There is a well-known 
bootmaker in London who works this oentral 
idea even into a boot window, where one might 
think everything bore so close a resemblance to 
everything else that nothing could be well 
emphasised and the importance of nothing 
modified. Yet, in this case, by the expedient of 
putting forward a glass shelf with a special 
attachment to hold one boot at a special angle 
right beneath the eye level of the passers, he 
compels attention to that boot. One may 
examine more closely the other boots shown, 
but he is not forced to do so. But that single 
boot is there, and one cannot get away from it. 
It must be noticed. 

Where the business is mixed, it is not well to 
mix the window contents unduly. There is a 
shop in Dublin where one idea — not a central 
idea only — is carried out in the windows. The 
windows are dressed afresh every morning. 
There is only one class of merchandise, and not 
too many samples of it, on view at one time. 
One morning it may be, say, white wood articles 
of ornament — nothing but white wood orna- 
ments — not crowded. On the following morning 
it may be brown earthenware vases and so on, 
one thing at a time, and that thing well shown. 

Half the shop windows in our streets would 
be more effective bringers of business if half 
their contents were withdrawn, and the remaining 
half arranged to carry their message. 

Show Remunerative Articles. No 

merchant finds everything he sells equally 
remunerative. On many articles the profit is so 
small that time and money would be saved 
if they were not handled at all. Yet many 
shopkeepers make displays of such things for 
the simple reason that there is an attractive 
show card illustrating them or that the con- 
tainers are pretty. This is folly. The first 
business of a window is to earn money for the 
shopowner, and if the window is being made to 
sell the products of a manufacturer whose goods 
do not carry their proper burden of profit, it is 
being sent on a false errand. Preference should 
always be given to the most remunerative 
articles, and if there are certain widely-advertised 
specialties, the sale of which does not pay, a 
good window show of lucrative competing 
articles should be made. 

The temptation always exists to exhibit in 
the window the best goods to be found on the 
shelves. Sometimes this is wise. Often it is 
the reverse. If a draper is in a neighbourhood 
where common articles of apparel are almost 
the only kind bought, it wifi convey a false 
impression of his stock if he exhibits only 
high-class articles. He ought to show what his 
customers are likely to buy. By exhibiting, say, 
silk blouses at 25s. each, he may sell perhaps 
5 in 


one a week, but if he had shown articles more in 
keeping with the class of people by whom he is 
surrounded, he might have done far more busi- 
ness and made more money. 

Assisting the Advertisement. Some 
retailers make a practice of having conformity 
between the window displays and the advertise- 
ments in the local papers. This is good. The 
window is then the stepping-stone between the 
newspaper announcement and a visit to the 
shop. The customer is interested by the 
printed page, impressed by the window, and 
inspired by both with a desire to examine more 
closely and handle the article advertised. The 
window may be made to supplement the story 
of the newspaper column, to intensify any 
interest aroused by reading the weekly sheet, and 
to this end the articles shown in the one should 
be those written about in the other. 

Outside displays have a value, but in this 
country they are confined to shops of the cheaper 
class. In PariH and other continental towns the 
pavement trade, even by large and important 
departmental stores, is enormous. Our climate 
makes it impossible that we should display 
goods in the open as do the Parisians, and it is 
unlikely that it will ever become the fashion to 
vend soilable merchandise in this manner. Local 
regulations governing displays on the side-walk 
are also stricter in this country. 

Colour Harmony. Those who aspire to 
make window-dressing an art and to put into 
that art the best work of which they are capable, 
will not neglect to study colour harmony. There 
are many departments of shopkeeping whore 
outrage upon good taste in the colour schemes 
of window displays is frequently perpetrated. 
In the drapery, outfitting, and house decorating 
shops a knowledge of colour values is highly 
desirable. In these trades the shopkeeper must 
impress with his taste in the selection and 
arrangement of the merchandise, and how can 
he do so if his windows testify to an ignorance 
or a carelessness regarding the canons of art in 
colour blending ? If the window-dresser has the 
artistic sense highly developed he already knows 
and appreciates the importance of colour 
harmony. If, on the other hand, it be a subject 
upon which he is comparatively uninstructed, 
he may be certain that many of the public 
whom he wishes to attract will judge him by 
the selection of colours placed together. The 
drapers’ assistant who has to arrange in his 
window only the cheap muslins, flannels, 
and serges which sell to a poor working-class 
population may, if he choose to develop the 
faculty, make tiis windows expressive of beauty. 
Beauty is a passive rather than an active quality. 
It consists in the absenoe of anything that 
offends the sense of proportion in form or colour. 
It has been expressed as a proposition thus: 
“ True beauty results from that repose which 
the mind feels when the eye, the intellect, and 
the affections are satisfied from the absence of 
any want.” 

But attempts to analyse beauty of either form 
or colour fall a long way short of enabling us to 
express our meaning in exact terms. The 




formulation of definite rules for combining 
colours so as to produce artistic effects is 
impossible. General rules are encrusted with so 
many exceptions that they lose their value as rules. 

Complementary Colours. Generally 
speaking, complementary colours go well together. 
While we shall not here make exhaustive study 
of colour analysis, we may explain the meaning 
of “ complementary colours.” The sum of all 
colours is white. Take any colour away from 
white and that which is left is the com- 
piemen tary 
colour to that 
taken away. 

In the follow- 
ing pairs of 
colours the one 
colour is com- 
plementary to 
the other in 
each case : 

Red and 
green; Orange 
and blue; Yel- 
low and violet; 

Orange-red 
and blue- 
green;Orange- 
yellow and 
vi o let-blue; 

Greenish yel- 
low and red- 
dish violet. 

But although 
in many of 
these con- 
trasts the 
effect is 
pleasing, in 
others it is 
found too hard 
and loud. For 
this reason the 
colours are 
often softened 
to give har- 
mony. One 
authority sub- 
mits the fol- 
lowing table 
as a guide 
in colour 
schemes, and 
the window- 
dresser who 
follows its 
conditions will 
be very un- 
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likely to offend the eye for fine colour effects. 
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Some Rules for Window«dressers. 

There are several other ascertained facts that 
the designer of window displays would do well 
to remember. Colours on white grounds appear 
darker, and on black grounds lighter. When 
two tones of the same colour are placed together, 
the light colour will appear lighter and the dark 
darker. When two different colours are placed 
together each will receive a touch of the com- 
plementary colour of the other. Thus, if orange 
and red be placed side by side the orange will 

seem slightly 
greenish and 
the red tinged 
with blue. 
When orna- 
ments are 
on a gold 
ground they 
should be 
s e par ated 
from the 
ground by a 
darker edging. 
Gold orna- 
ments on any 
coloured 
ground should 
always be out- 
lined with 
black. Edg- 
ings of white, 
gold, or black 
to ornaments 
are usually 
harmonious. 
Ornaments in 
colour or gold 
on white or 
black ground 
go woll with- 
out edging. 

These may 
be held the 
chief rules 
that should 
guide the win- 
dow - dresser. 
But, being an 
art, window- 
dressing can- 
not be taught 
like Euclid. 
Success de- 
mands en- 
thusiasm. If 
it be true 
that art is the 
puts into his 
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expression of pleasure a man 
work, there is no department of shopkeeping into 
whioh art can enter more deeply than into that 
of window-dressing. The mission of a shop win- 
dow is to tempt. A tart in a baker’s window, for 
example, is to him not so much an article of con- 
sumption as an agent of temptation — an allure- 
ment to cause children to disobey their parents, 
and invalids to disregard their medical advisers ! 

To be continued 
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HOW TO TRAVEL ABROAD 

Companionship in Travel : Its Advantages and its Drawbacks. The 
Different Modes of Travel. Language. Food. Money. Clothing. Economies 


By J. A. HAMMERTON and WILLIAM DURBAN, B.A. 


pAR more people are possessed of the travel 
temperament than are conscious of the 
fact. Multitudes are naturally endowed with fine 
perceptive capacities, but have never given their 
faculties a chance of development. Intelligent 
and sympathetic people should, if possible, travel 
somewhat while they are still young. Very 
recently the daily Press reported the discovery 
of, an old lady living in a London court who has 
never been inside an omnibus, and is exceedingly 
proud of the fact that her practical acquaintance 
with geography extends little beyond that 
narrow court. That is, after all, only an 
exaggerated type of a too common order of mind, 
developed by lack of movement about this 
wonderful world. 

Companionship is one of the vital accessory 
conditions of travel. This factor must be largely 
regulated in accordance with idiosyncrasy. A 
person who is by inclination exceedingly sociable 
naturally shrinks from the idea of a solitary tour. 
But even some of the most socially genial spirits 
occasionally long to break loose from every 
conventional tie. Said a very able and busy 
City man not long since in our hearing : “ I 
dearly love my family circle, and there is no 
happiness like that I enjoy in my own home ; 
but when I take my little annual holiday on the 
Continent, I do like to go quite alone ! ” The 
reason was that this gentleman, tied all the rest 
of the year to his office, feels like a schoolboy let 
loose for the most active play when he can simply 
shoulder a knapsack and go climbing up moun- 
tains, or tramping over high and fatiguing passes. 
He would wear out those who are dearest to him 
by the sort of vacation he need*. 

Advantage of Companionship. But 

fellowship in travel has its advantages and 
its drawbacks. It is an advantage to any tourist 
going forth for the first time into the great foreign 
field, without any knowledge of the people or 
the language of a strange country, if a friend can 
be found who is a linguist, who delights in 
touring holidays, and is gifted with both the 
traveller’s instincts and with the spirit of 
comradeship ; then the yoke is delightfully easy, 
and the pleasure is doubled. But it is impera- 
tive that the novice give himself to the leading 
of his friend. A programme — at least, a tentative 
one — should be agreed on beforehand, and there 
should be on each side a disposition to make 
mutual concessions by the way. We have known 
what should have been a most enjoyable expedi- 
tion turned into an itinerating purgatory by the 
determination of one of the two parties to make 
the whole occasion, from first to last, subserve 
some purpose in which the other could feel no 
ff !2 


special interest. Everything had to give way 
to that. Where a number of people join in a 
party, congenial souls will unconsciously and 
inevitably gravitate together. This is one 
reason why organised and conducted parties for 
travel on a large scale are so popular. It is 
not only because facilities are arranged — though 
this for many people is of supreme importance — 
but because suitable companions arc sure to be 
encountered, that this mode of touring is so 
much in vogue. If mutual temperament allows, 
the duet plan is a good one. Where two people 
are friends, who know and understana and 
appreciate each other, their fellowship and recip- 
rocal help are always likelv to enhance pleasure, 
to obviate the feeling of home-sickness, and to 
prevent a sensation of loneliness 


i ne oouiary i ravel ler. iiut so much 
depends on individual temperament that it 
is dangerous to lay down rules or to give 
advice in any dogmatic way. One of the present 
writers more strongly than the other favo ’rs 
the lonely journey. He has experienced all kinds, 
and believes that, given the frame of mind which 
enables one to derive pleasure and profit from 
the common objects of a day’s journey, there 
is no way of travel better than that of going 
alone ; for even two friends are apt to tire each 
other in the course of three or four weeks’ 
continuous companionship, than which no more 
crucial test of friendship can be devised. A 
triangular party is better than two—unless 
the two have been tested and tried by previous 
companionship— for it is well that there should 
be an umpire, as it were, to decide any difficulties 
that may arise. Husband and wife make the best 
couple, since they have learned the lesson of 
“bear and forbear ” as friends seldom learn it. 
But perhaps the lonely journey is best when one 
goes afoot or awheel, the two ideal methods of 
foreign travel. « Now, to be properly enjoyed,” 
says R. L. Stevenson, “ a walking tour should be 
gone upon alone. If you go in company, or 
even in pairs, it is no longer a walking tour in 
anything but name. It is something else, and 
more m the nature of a picnic. Walking tours 
should be gone upon alone, because freedom is of 
the essence ; because you should be ab'e to stop 
and go on, and follow this way or that as the 
freak akes you, and because you must have your 

and nei1 J her f ram P alongside a cham- 
pion walker, nor mince m time with a girl. And 
then you must be open to all impressions, and 
let yourself take colour from what you see. You 

Tt 0 pipe ,, for , aI >y wind to play upon.” 

breeds self-reliance, independence of 
judgment, resource. 



Pleasures of Wayfaring. Then, again, 
the solitary wanderer can economise if he wishes 
to do so ; can stay where he pleases and as long 
as he chooses ; can alter his itinerary at will ; and 
can regulate the occupations in which he wishes 
to engage without fear of inconveniencing a 
companion. Beading and writing can be in- 
dulged in without let or hindrance ; calls can 
be made ; business can be done if there is advan- 
tage in attempting any ; and either rest or extra 
exertion may be enjoyed individually to an 
extent hardly possible under the limitations 
imposed by company. We met a schoolmaster 
in the wildest solitudes of Norway, in the very 
heart of the grand Fille Pjeld, who was walking 
right across the country from Christiania to 
Laerdal Soren, and was carrying nothing but a 
rug and a knapsack. He intended to take throe 
months for the tramp, staying as he pleased at 
any specially inviting spot. He had been sadly 
unwell at home, but the journey was putting 
new life into him. “ I am never lonely,” said 
he. “ I get delightful little episodes of chat 
almost every day with strangers like your- 
selves.” On the other hand, we recollect how, 
in Athens, we had long and unusually enjoyable 
talks with a most accomplished Belgian financier. 
This gentleman told how he had been three 
months in Greece on important business. He 
was entirely alone, and was accustomed to long 
expeditions, but had been laid up ill alone at 
that hotel in Athens. He had simply been left 
in solitude, excepting when the doctor came to 
see him, or the servants did whatever was 
necessary. The people of the place took no 
sympathetic interest in him whatever, and the 
sense of solitude had been fearful. 

Husband and Wife. Of course, the ideal 
foreign journey is that in which husband and 
wife acoompany each other — if both are alike 
fond of movement and sightseeing. Nothing in 
literature can be reckoned more delightful than 
the mutual accounts of their wanderings by Sir 
Samuel and Lady Baker, or Professor and Mrs. 
TVndall, or Sir F. and Lady Lugard, or Mr. and 
Hfrs. Bullock Workman, or the Duke and Duchess 
of Argyll (Princess Louise), or Professor and 
Mrs. W. M. Ramsay, or Mr. and Mrs. A. M. 
Mummery, or Mr. and Mrs. Theodore Bent, etc. 
A book lies before us which we consider one of 
the most extraordinary illustrations known of the 
special side of travel to which we are referring. 
It is entitled “ The Collected Remarkable 
Travels of George Pitt, Accompanied by His 
Wife, Round and Over the World. * Mr. and Mrs. 
Pitt belong to the Society of Friends. Their 
record shows how the world can be seen with the 
utmost enjoyment, on what Mr. Pitt calls 
“ marvellous conditions of economy,” by two 
people who are happily mated. 

Family Travel. A few weeks ago a 
gentleman and his wife returned to England after 
a voyage round the world. They are unpre- 
tending, intelligent, business people — still in 
business, indeed — but determined not to work 
without knowing something of the glories of the 
world they live in while still able to enjoy life. 
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They have brought home stores of pictures ; 
have taken copious notes ; are full of happiness 
when in conversation over their reminiscences ; 
have made kind friends all over the world ; and 
have spent astonishingly little considering what 
they have seen. 

Family parties on tour, of course, involve 
considerable trouble and responsibility for 
the seniors, but these have the intense 
pleasure of knowing that they can in this 
way, as in no other, at one and the same time 
train young minds and impart to them inde- 
scribable enjoyment. There cannot conceivably 
be anything more gratifying than to watch the 
wonder, and often ecstasy, with which youths 
and maidens for the first time gaze on the view 
of the Jungfrau ; or watch the prospect from 
the top of the Stelvio Pass ; or look at the 
majestic cone of Etna ; or inspect the beauties 
of Capri ; or follow the doings of the sardine 
fishers at Amalfi. To minister in this way to 
the intellectual development and the culture of 
taste in boys and girls at the most impressionable 
period is worth considerable sacrifice. 

Travelling with Specialists. Other 
conditions (such as those of temperament, 
etc., already referred to) being equal, it is 
specially advantageous, if possible, to secure the 
company of some specialist, but an expert wli > 
can convey his knowledge to the non -expert 
mind, and does not ride a hobby to death. On 
one occasion, we recollect how an expert botanist 
opened up a perfect world of wonders amongst 
Alpine flowers during an expedition which 
happened to be undertaken just at the best 
season for his observations. At another time 
we were for some days favoured in Italy with the 
fellowship of an architect who was an enthusiast 
in his profession, and was overjoyed to meet 
with sympathetic listeners to his expositions. 

Ministers of religion are apt to think that there 
is no better idea practicable for making the most 
of a Continental trip than in the society of a 
brother minister. But we know of a minister 
who has for years enjoyed long pilgrimages with 
a Church officer who is a business expert. The 
former is able to give endless information on 
ecclesiastical affairs and history, and is con- 
sidered a perfect peripatetic cyclopaedia in this 
direction, so that a visit to a cathedral or an 
abbev in any country is a treat in his society. 
The latter is stored with knowledge on practical 
international affairs through his large commercial 
foreign dealings. Two people who are both 
skilled in different departments can double the 
profit and pleasure of a trip. We once visited 
Greece in company with a merchant who carries 
on large transactions. When we came to such 
places as Patras, and saw the vast heaps of 
currants piled on the quay waiting for shipment ; 
when we rode that enchanting trip along the 
Bay of Lepanto ; when we stayed among the 
vine-growers round Corinth ; and when, on 
leaving Greece for Asia Minor, we went into the 
wonderful gardens where sultanas were ripe on 
the vines, it was enlightening indeed to listen 
to the merchant’s exposition of many matters 
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connected with business in various commodities. 
We came home with stores of fresh knowledge. 

But it is surprising how much information one 
may gather from talking with chance acquaint- 
ances. Once we had the whole interesting trade 
in fruit and vegetables between Brittany and 
England explained to us atTreguier, where, going 
to visit the birthplace of R6nan, we found two 
English ships taking away tons of new potatoes, 
and got talking with the representative of the 
English merchants, who was staying at our 
hotel. People who ride hobbies are to be 
avoided at all costs ; authors of the same class 
also. For instance, Mr. Percy Dearmer’s “ High- 
ways and Byways in Normandy ” is weighted 
with tiresome disquisitions on stained glass, 
which can only interest the specialist, and is 
only saved from dulness by the accuracy of its 
information, some good descriptive and historical 
passages, and Mr. Pennell's illustrations. 

The Means of Travel. In these days 
of varied modes of locomotion, four methods 
of travel are in vogue. * Each of these is 
attractive to different orders of mind ; each is 
specially suitable for distinctive purposes, and 
they obviously admit of various combinations 
and permutations. Train, carriage, cyole, and 
foot must each be acknowledged to have oertain 
preferential claims in different directions. 
Pedestrians and cyclists have this great advan- 
tage — that they are able to visit just what spots 
they wish, and as in many cases railroads and 
Nature in its real beauty do not nurse each other, 
there are countless points of attraction that cu*e 
never seen by those who only travel by train. At 
the same time, where swift transit is desired, or 
considerations of physical weakness must be 
consulted, the railway, of course, takes the first 
place. The cyclist effects the completest com- 
promise possible. He can go anywhere very 
quickly, and thus is most perfectly master of 
the situation — apart from the greater liability 
to accidents and breakdowns. Carriage driving 
is the ideal way of getting about for the valetu- 
dinarian or the elderly tourist. It is invested 
with peculiar delights ; and for the wealthy 
the automobile constitutes, of course, the acme 
in this department. We say “ for the wealthy,” 
not because of the initial cost of the car and 
its fitments, but for the reason that motorists 
are regarded everywhere abroad as persons of 
longer purses than cyclists or ordinary travellers, 
and are apt to be imposed upon accordingly. 

The Language Problem. We now 

approach certain difficulties which are greatly 
dreaded by large classes of would-be tourists. 
The most formidable of these is the language 
problem, especially as we are not a nation of 
linguists. The educated Russians and the Dutoh 
far excel us here. The notion that English is 
practically — for the convenience of the Anglo- 
Saxon traveller — a universal medium, is a painful 
fallacy, as the tourist speedily discovers directly 
he ventures off the beaten Continental track. 
Our insular language is usually understood by 
some functionary or other In the chief hotels of 
important cities, but this is apt to be the limit. 
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One of the most comic sides of travel has its 
cause in the absolute linguistic ignorance of 
multitudes of travellers. Two American ladies 
reoently related to us some of their curious 
experiences in certain small German towns. 
Yankee-like, they were on a very hot day 
anxious to secure a water-melon* Their English 
was an unknown tongue to the hotel folk, so they 
tried by gestures to indicate that they wanted 
something of globular shape. A large wash- 
hand basin was brought, to their great astonish- 
ment, and next an open umbrella was tried, on 
which they were constrained to abandon their 
quest. 

It is remarkable how very far, however, a 
slight smattering of Frenoh, German, or Italian 
will go. French is generally understood in good 
Italian hotels, but it is of little use in Germany, 
excepting in the most fashionable centres, while 
German and Italian are generally of no avail in 
France. In many parts of Switzerland, French, 
German, and Italian are interchangeable. It is 
so easy to gain a slight elementary acquaintance 
with any Continental language (excepting 
Russian, Magyar, Finnish, Basque, and Turkish) 
that no tourist should shun the little labour 
needed for a task which pays in every way. A 
trip in Norway or Denmark is doubly pleasant 
if the voyager happens to have acquired some- 
thing of the common vocabulary. Norwegian is 
the language of both these countries, and it 
serves almost equally well for Sweden, the 
language of that country being cognate. A little 
Swedish will take the wayfarer nicely almost 
anywhere in lovely Finland. It is to be borne 
in mind that even little fragments and scraps of 
the native tongue are intensely appreciated by 
the people, who will generally place themselves 
eagerly en rapport with any visitor if they see he 
is so far sympathetic with their country and 
their nationality as to think it worth while to 
cultivate some knowledge of the language they 
Bpeak. 

Continental Feeding. Those who are 
going abroad for the first time will need the 
valuable hints which they can gain by consult- 
ing more experienced people as to various 
conditions of life in other lands. Otherwise 
experience may be dearly purchased. The 
dangers arising from insanitary surroundings 
were much greater of old than they are to-day. 
If wine is taken, it should be the native product, 
rather than some imported vintage. Changes 
of diet are inevitable in extensive travelling, 
but simple food will be found the safest. 
The average Continental table-d’hote is excellent, 
as well as inexpensive. The tourist abroad 
must not expect to bo treated to chops and 
steaks, or to cuts off large joints, in English 
fashion. The dietetio ways of John Bull are 
absolutely strange to all foreigners. Few people 
in the South of Europe ever saw a buttered slioe 
of bread, and, for that matter, our way of 
eating bread is quite unknown to the ordinary 
American. But Continental diet has its peculiar 
pleasures — delicate little dishes ; soups of infinite 
variety ; compote such as is never dreamed of 
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in this oountry ; superb poultry in France, and 
delicious quails and Wcaases further south ; a 
continuous fruit banquet in Italy, Greece, or 
Turkey ; luscious preparations of caviare, 
sterlet and sturgeon in Hungary and Russia ; 
viices de resistance of tunny or swordfish at 
Messina, Taormina, or Constantinople ; dishes 
of berries like the incomparable “ moltebaer " 
in Norway, with wonderful cream from the 
saeters ; reindeer tongue in Finland ; goose 
breasts in jelly, followed by pumpemiokel in 
Germany, occur to memory as a few of the 
culinary attractions that are unfamiliar to the 
British appetite, but are likely to be truly relished 
by any hungry tourist as he sits down at a 
foreign table. 

Hotel Chargee. Of the charges at 
foreign hotels the tourist in most cases need 
have no fear. Excepting at the most aristo- 
cratic resorts in the height of the seasons, the 
charges are almost universally less than those of 
our own British hostelries. It is, for instanoe, 
far more expensive to stay in the Scottish 
Highlands than in Switzerland. Italy is cheaper 
still. Usually the most costly items are extra 
little things asked for beyond those in the 
cartes for meals. Invariably is it more* econo- 
mical to lunch or dine at table-d’hote, for which 
the charge is fixed and stated. All attempts 
to have a cheaper meal by selecting two or 
three dishes will result only in having to pay 
as much or more than the entire table d’hote 
charge for one half or less of its value. Of 
France especially is this true, and it applies 
more or less to every country on the Continent. 
In unsophisticated places like the little and 
charming cities perched in the Apennines, the 
towns in the east and the south of Sicily, in 
Corsica, in the hotels of the interior of Norway 
and Sweden, the fees for lodging are fabulously 
low. 

Money. Another of the popular fallacies 
is that “ English gold will take you anywhere 
in Europe.” This is no more true than the 
companion fiction about the English tongue. 
We nave proved its falsity too often, and to 
our financial loss, to allow any novice to enter- 
tain it for a moment. Even so near at hand 
as along the coast of Brittany we have met 
innkeepers who had never seen an English 
sovereign, and who, we ascertained beyond 
doubt, were not emulating the innocenoe of Ah 
Sin. Also it is important not to leave one 
Continental oountry with muoh money bearing 
tiie stamp of another Government in one’s 
possession. Belgian, French, Swiss, Italian, and 
Greek coinage is, with some reservations, current 
in any of these countries, but not the paper, and 
we recolleot our difficulty in discharging a bill 
at a sleepy town near the Frenoh northern 
frontier because we had praotioally nothing but 
Belgian paper money and English gold in our 
possession ; yet Belgium was only a few hours’ 
qyole ride away. In the banks of most large 
towns there is no difficulty in changing English 
money, or one’s hotel -manager will often be 


ready to supply change ; but in shops and 
restaurants, at railway stations, and everywhere 
in the smaller towns and villages, the money 
of the country should be presented. It is thus 
important to carry a good supply of the 
currency, even if one has to get what is left 
exchanged on returning to England. 

The Cuatom-houae. The traveller must 
be prepared at any moment to submit to the 
irksome inspection of the Custom-house 
officers. In Tyrol this is exceedingly tire- 
some, because on almost any trip in that 
lovely region we are crossing the borders of 
not less than three nationalities continually. 
But the “ douaniers ” are almost universally 
extremely civil if they are treated patiently and 
courteously ; if not, they will probably resent 
the behaviour shown them by turning out all 
the belongings of the wayfarer. “ Pflicht ist 
pflicht ” (duty is duty), said an Austrian Custom- 
house officer to some impertinent and impatient 
Britishers. That was a nice little play on words ! 
The travellers were in that case compelled to 
pay toll on certain articles which would other- 
wise have escaped notice. Spirits, scents, and 
articles of certain categories easily ascertained, 
are taxed, with, of course, cigars. Only the 
travellers who resent the inspection of the 
officers — who are merely discharging their duty — 
ever have cause to be annoyed by the Customs. 

Clothing. One of the most prevalent 
mistakes of those who undertake a tour for the 
first time relates to clothing. It is an error to 
imagine that overcoats or any description of 
warm wrap will never be needed in a southern 
country. The difference of temperature at 
different altitudes is remarkable. Nights are 
often very cool in Switzerland and Italy. 
Especially is the weather very deceitful on the 
Riviera. In that delightful winter resort it is 
dangerous to be much in the shade in light 
clothing, however warm and radiant it may be 
in the sunshine. But many changes of clothing 
are not needed on an ordinary tour for either 
sex. With reason, the smaller quantity of 
apparel carried about the better. Umbrellas 
and macintoshes should be carried, for there is 
frequently a great trouble to get clothing dried. 
Throughout very large regions of the Continent 
a fire, in our kitchen or parlour sense of the word, 
is altogether unknown, little charcoal stoves 
being the only means of heating and cooking. 
Overheating and undue exertion have caused 
many a valuable life to be sacrificed on 
tour. 

The one sine gud non for the tourist is oourtesy. 
The British and the refined Americans are 
oordiaUy weloomed all over the Continent, but 
certain samples of Anglo-Saxondom every season 
do their best to render themselves obnoxious to 
the foreigner. We have travelled far and wide 
in Russia, just where Englishmen are supposed 
to be anything but welcomed, yet nowhere 
in the world have we been the subjects of 
greater kindness from all classes. 


To be continued 
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Divisions of Chemistry. When we 
come to consider tlte details of chemistry we 
find that the whole subject may be divided into 
two great parts — Inorganic Chemistry and 
Organic Chemistry. 

Those terms, though very widely employed and 
very useful, are open to very grave miscon- 
ception. They are meant to imply that chemistry 
may be divided into the chemistry of bodies that 
are not alive on the one hand, and the chemistry 
of living bodies on the other hand. But before 
we proceed to accept those terms, we must ask 
ourselves how far the supposed distinction 
between the two kinds of chemistry is valid. 

Is it the case that, when we deal with bodies 
that are not alive, wo make the acquaintance of 
a certain series of substances and can discover 
a certain number of laws ; and that when we 
come to deal with living bodies we find a different 
sot of substances and a different set of laws ? 
At one time it was thought that such a real dis- 
tinction obtained, but that belief has been 
modified, first in one direction, then in another, 
until finally there remains not a single phase of 
it that can be sustained. There is absolutely no 
distinction between organic chemistry and 
inorganic chemistry, save morely for convenience. 
It usod to bo thought that fundamentally 
different substances were found in living matter, 
and that it had fundamentally different properties 
from those of non-living matter, but no chemist 
now maintains this belief. 

Chemical Change in Living Matter. 

It was long held that certain compounds were 
produced through the agency of life, and could 
be producod by no other means. That belief 
received a severe blow in the year 1828 , when 
it was found that a substance (urea) hitherto 
thought to be a result of vital activity alone, 
could be artificially produced in the laboratory 
by the chemist. The laws of chemical change 
in living matter are absolutely identical with 
thoso displayed in inorganic or non-living 
matter. 

As we have said, the distinction between 
organic and inorganic chemistry is purely one of 
convenience. Therefore, in recent times it has 
been sought to make the distinction on rather 
different grounds. When it was found, for 
instance, that the combination of carbon and 
oxygon produced -carbonic acid both in a 
fireplace and in the living body, and that 
fhe facts and laws of the combination were 
precisely the name in both cases, it became 
obvious that the absolute distinction between 
the chemistry of life and the chemistry of 
non-living matter could not be maintained. 
So nowadays the term organic chemistry has 
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fallen into disfavour, and a new term has been 
employed, which, indoed, appears to convey no 
suggestion of the old one. Instead of talking 
of “ organic -chemistry,” we speak now of the 
chemistry of the carbon compounds , and the 
subjects which were once discussed under the 
old name are now discussed under the new. 

An Arbitrary Arrangement. It may 

be said that, after all, this new term is no 
better than the old one, for is not carbonic acid 
a carbon compound, and do we propose to 
treat it under the heading “ Chemistry of the 
Carbon Compounds,” or are we to treat it in the 
earlier part of our study, or in both ? It is in 
order to note this objection that we have chosen 
the illustration of the union of carbon and oxygen. 
It demonstrates that our distinction between 
inorganic chemistry and the chomistry of the 
carbon compounds is in reality just as artificial 
as the old and untenable distinction between 
inorganic chemistry and organic chemistry. In 
other words, this classification, like all other 
classifications, is really an arbitrary arrangement 
made for the convenience of human thinking 
and without any basis in Nature, which is not a 
jumble of things mixed up for us to reduce to 
order, but is in reality a “ flawless unit of fact.” 

If we clearly understand that there are not 
two chemistries, but ono chemistry, and that the 
laws of chemistry, in so far as they are true at 
all, apply equally to the chemical processes in a 
fireplace, or a retort, or the human brain, or the 
leaf of a plant, or the interior of the furthest 
star — we may proceed to consider what, for con- 
venience, we term inorganic chemistry , not for- 
getting that what is true of inorganic chemistry 
is true of all chemistry. 

Elements end Compounds. We have 
already seen that chemistry, as distinguished 
from other sciences that study matter, depends 
for its existence upon the fact that matter is of 
different kinds, and obviously it becomes the 
first duty of the chemist to sort out all the 
different kinds of matter, to give them names, 
to find out how many they are, and the relations 
between them. The name that has been agreed 
upon to indicate the different kinds of matter is 
the word element. 

There is a child’s game which has taught us all 
that the ancients believed in the existence of 
four elements. Aristotle taught that there were 
four elementary substances— Earth, Air, Fire, and 
Water. Since his day the idea has undergone 
great elaboration and improvement. It was 
Robert Boyle who first attempted to use the 
word in a strictly scientific sense. He said that 
we must apply the name element to those 
substances which are incapable of being split up 
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into Bitnplet substances. Such substances as are 
capable of being split up we must call compounds . 
They are compounded of certain elements ; and 
thus every substance that can be named or 
imagined must be either an element or a com- 
pound. Now chemistry has lately learnt that 
the elements are related to one another in such 
a fashion as to teach us that not a single one of 
them is really elementary. 

The simplest element we know is really a very 
complex compound of something still simpler. 
This discovery is of such tremendous importance, 
in theory and in practice, to the philosopher and 
to the man of action, that for some time past the 
writer has never used the word element in its 
chemical sense without quotation marks to 
indicate that the meaning usually attributed to 
the word cannot be sustained, and that its use 
is retained only for convenience. However, 
when we come to look up the derivation of the 
word, we find that it is disputed. Some etymo- 
logists think that it is really derived from a word 
meaning “to grow.” Others think that it 


But the reader will insist that Boyle's definition 
of an element has broken down, and therefore 
he will ask : Are there any facts left that render 
it necessary to use any such word at all ? Now, 
indeed, there are such facts, and they must later 
be considered. For the present the reader 
must accept the assertion, which there is no 
difficulty in believing, that matter can be 
reduced to a number of different substances, each 
of which is incapable of further analysis by the 
chemist, and which we agree to call elements. 

It will be useful if the, student is presented 
here with a list of the known elements. The 
following list omits not a few about which we 
have yet attained no cortainty, but it includes 
the most recent discoveries, in so far as we may 
regard them as confirmed. Opposite the full 
name of each element is placed the symbol or 
abbreviation which is used to express it in 
chemical language, and next to the symbol is 
placed a figure which states what is called the 
atomic weight of the element. This term is 
considered below. 


Name 


Symbol 

Atomic 

Weight 

Marne 

S3 T nil»ol 

Atomic 

Weight 

Rune 

Symbol 

Atomic 

Weight 

Aluminium 



A1 

27 

Hydrogen 

H 

1 

Ruthenium ... 


Ru 

102 

Antimony (Stibium) 

Sb 

120 

Indium 

In 

114 

Samarium 


Sm 

150 

Argon 


A 

40 

Iodine 

I 

127 

Scandium 


Sc 

43 

Arsenic ... 


As 

75 

Iridium 

Ir 

193 

Selenium 


So 

77 

Barium . . . 


Ba 

137 

Iron (Ferrum) 

F 

56 

Silicon 


Si 

28 

Beryllium 


Be 

9 

Krypton 

Kr 

81 

Silver (Argentum). . . 

Ag 

108 

Bismuth... 


Bi 

208 

Lanthanum 

La 

138 

Sodium (Natrium) 

Ma 

23 

Boron 


B 

11 

Lead (Plumbum) . . . 

Pb 

206 

Strontium 


Sr 

87 

Bromine ... 


Br 

80 

Lithium 

Li 

7 

Sulphur 


S 

32 

Cadmium 


Cd 

112 

Magnesium 

Mg 

24 

Tantalum 


Ta 

183 

Caesium ... 


Cs 

133 

Manganese 

Mn 

55 

Tellurium 


Te 

124 

Calcium ... 


Ca 

40 

Mercury (Hydra- 



Terbium 


Tb 

160 

Carbon ... 


C 

12 

gyrum) 

Hg 

200 

Thallium 


T1 

204 

Cerium ... 


Ce 

140 

Molybdenum 

Mo 

97 

Thorium 


Th 

232 

Chlorine . . . 


Cl 

35 

Neon 

Ne 

20 

Thulium 


Tin 

171 

Chromium 


Cr 

52 

Nickel ... 

Ni 

59 

Tin (Stannum) 


Sn 

118 

Cobalt 


Co 

59 

Nitrogen 

N 

14 

Titanium 


Ti 

48 

Columbium 


Cb 

94 

Osmium 

Os 

195 

Tungsten (Wolfram) 

W 

184 

Copper . . . 


Cu 

63 

Oxygen 

O 

16 

Uranium 


U 

240 

Didymium 


Di 

142 

Palladium 

Pd 

105 

Vanadium 


V 

51 

Erbium ... 


Er 

166 

Phosphorus 

P 

81 

Xenon 


Xo 

128 

Fluorine ... 


F 

19 

Platinum 

Pt 

195 

Ytterbium 


Yb 

173 

Gadolinium 


Gd 

156 

Potassium (Kalium) 

K 

39 

Yttrium 


Yt 

90 

Gallium ... 


Ga 

70 

Praseodymium 

Pr 

140 

Zinc 


Zn 

65 

Germanium 


Ge 

72 

Radium 

Rd 

225 

Zirconium 

... 

Zr 

91 

Gold (Aurum) 

Au 

198 

Rhodium 

Rh 

103 





Helium . . , 


He 

2 

Rubidium 

Rb 

85 






means a spirit or angel, and others that it means 
what has an independent power of motion. At 
any rate, we may take it that the proper meaning 
of the word does not necessarily convey the idea 
that the substance to which it is applied is 
incapable of being resolved into any simpler 
substance, and therefore, in the present section, 
the word element will be freely used in its 
chemical Bense without quotation marks, it being 
assumed that the reader will persistently bear in 
mind the fact that the meaning of the word 
element which has been accepted since the 
time of Robert Boyle can no longer be main- 
tained. 


The above list is as reasonably complete as 
can be. It doubtless contains errors. There 
are doubtless omissions which can be predicted, 
as we shall see, though no known element yet 
fills them. As to the atomic weights there is, 
of course, much uncertainty and incessant 
re-correction. For instance, it is found that the 
weights agreed upon in 1904, and known as the 
international atomic weights, differ slightly but 
very frequently from the weights given by 
Mendeldef in the same year. Many of oui 
chemists spend their whole time in attempting 
to re-determine the usually accepted atomic 
weights. 
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Error* In Calculation. In the course element, and when tables of atomio weights 

of such re-determinations it has often happened first came to be constructed, it was agreed 

that curiovm but persistent errors appear, and to use hydrogen as the unit and to measure 

it has often been found that these errors are the weights of all the other elements rela- 

really due to the intermixture with the element tirely to the weight of hydrogen. Near the 
in question of another clement hitherto beginning of last century it was suggested that 
unknown. Many new elements have been perhaps the hydrogen atom is the true unit of 
discovered in this fashion, and doubtless matter, and that the so-called atom of oxygen 
the discrepancies between the atomio weights really consists of 16 hydrogen atoms, carbon of 
given by one authority and another will in 12, and so forth. This could only be assumed by 
many cases be explained in similar fashion. simply ignoring the decimal figures following the 
One authority has used one method and one whole numbers, on the assumption that they 
another, and the difference in their results is were due to experimental error ; but we know 
due to the circumstance that the two methods that they were not due to such error, and the 
involve slightly different factors, one of which simple and attractive theory that the atoms 
may yrell be the intrusion of a new element of all the other elements are Bimply compounded 
which alters the result in the one case as com- of the atoms of hydrogen cannot be main- 
pared with the other. tained. 

As a rule round numbers have been given, and Relative Weights. If we take the atom of 
it is a fact of great significance that in many hydrogen as 1, then the atom of oxygen is not 16, 
cases the numbers are really round, but in other but 15*879. That is very well established, 
cases it is, of course, possible to calculate the Suppose, however, instead of calculating all our 

atomic weight to several places of decimals. In atomio weights from the atomic weight of 

these cases it l>ccomes a question to determine hydrogen as 1, we allot the number 16 to be 
how far it is worth while pursuing the calculation the atomic weight of oxygen, and then calculate 
— that is to say, at what point the figures cease all other atomio weights relatively to the weight 
to correspond to the facts of nature and come we have assigned to oxygen. Then we shall have 

to depend upon merely the errors which are to write down the atomio weight of hydrogen 

inseparable from oven the most delicate and not as 1, but as 1 *008, and we do not appear to 
skilful experimentation. But the reader must gain anything from this change, 
not fancy that these atomic weights are arbi- But when we come to calculate all the atomio 

trarily decided upon, or that much guesswork weights on this ratio, we find that we do gain 

enters into their composition. Suppose that no substantially by allotting the round number 16 
two observers got the same result. It does not to represent the atomic weight of oxygen. We 
follow that we cannot obtain a result which is actually find that some 20 of the atomio 
nearer the truth than any result obtained by weights thus calculated are whole numbers even 

any one observor. Suppose, for instance, we to the second decimal place, and that 17 are 

take the atomic weights reached by a thousand very nearly whole numbers. This is of course 

different observers, and then take the average as much as to say that there is a relatively 

of the thousand calculations. Plainly that result simple and close ratio between the weight of 

is likely to be very near the truth. oxygen and the weight of a very large number of 

No more suitable place than this could be other elements. So striking is the degree of 
chosen for commenting upon the study — which simplicity of this ratio, far more simple than can 
has lately been reduced to a science — of the be accounted for by the laws of change, that it 
limits and the laws of experimental error, and of cannot but have a meaning into which we must 
all the factors that enter into what is often soon inquire. 

called the personal equation . Th's study is It is often thought desirable in chemical text- 
of especial importance to the chemist, whose books to discuss at this stage the man facts as 

experiments are so delicate and whose principles to the characters of the elements and the 

depend for their discovery upon the delicacy manner in which they are prepared ; but in 
and accuracy of countless processes of weighing writing this section in the light of the work of 
and balancing. the last three or four years, we shall defer the 

Atomic Weights. Another point may be consideration of such facts as the characters of 
noted as to the atomic weights of the foregoing the elements, and proceed immediately to a dis- 
table. It will be noticed that the weight of cussion of the deeper meaning that can now be 

hydrogen is given as 1 and the weight of discerned in the study of such a table as we 

oxygen as 16. Hydrogen is the lightest known have given on the previous page. 

To he continued 
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IDEAS FOR BUILDERS AND ENGINEERS 

New Projects in Building* and Machinery. Difficulties to Face and Reforms 
Coutj uaed from I to Effect. Some Inventions in the Making and Others to be Sought 
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By ERNEST 

The Engineer of the Future. The 

present is an interesting and important time 
in the history of building and engineering. 
Young men about to enter upon their careers 
may be destined to share in notable reforms 
which are even now taking shape. Men in 
whom pride of race is by no means lacking, in 
whose constitution pessimism holds no place, tell 
us that the first need towards rendering British 
engineering more efficient is the institution of a 
monster scrap-heap, upon which to throw 
antiquated and ineffective machinery, whose 
place shall be taken by appliances more in keep- 
ing with modem requirements and with the 
productive skill of the nation. 

The engineer will, in the future, be more 
closely associated with the builder. The day 
is about to pass when bricks and mortar and 
huge blocks of stone play so commanding a part 
in the construction of great buildings. The 
genius which converts waste slag into a brilliant 
illuminant, and a by-product from coal into 
medicines, scents, and dyes, representing many 
millions of money, will be summoned to aid the 
contractor to construct great works cheaply and 
expeditiously by means not hitherto seen in this 
country. 

Building Regulations. But there are 
difficulties in the way. An Aot of Parliament 
of the greatest value to London is the 
London Buildings Act. It is the Aot which 
declares how a builder Bhall build, and of what. 
Properly speaking, it applies only to the London 
area, but its influence is over all the land. In 
minor particulars, the requirements of provincial 
regulations may differ, but for all practical 
purposes the London Buildings Aot is the 
model upon which all are framed. These Acts, 
though necessary and advantageous in the main, 
are often hindrances, restricting the architect, 
builder, and engineer to old methods, and barring 
out the introduction of the newer methods at 
their disposal Hence the day of the steel- 
framed building, with the innumerable possi- 
bilities of ferro -concrete, or reinforced or 
armoured concrete, as it is also called, has yet 
to dawn in this oountry. 

Our foremost builders, architects, and 
engineers wait with impatience for the removal 
of existing restrictions. Under the existing 
regime it is not possible to build more than one 
floor at a time ; with the steel-framed building, 
half a dozen floors may be constructed simul- 
taneously in perfeot safety. The terrors of the 
Employers’ Liability Act make it oertain that 
the masters will not voluntarily involve risk of 
injury to their men ; but until the existing law 
is modified we must continue to build upon the 
old plan of one floor at a time. 


A. BRYANT 

Steel in Buildings. Again, we have yet to 
look to the time when our regulations will take 
cognisance of the strength of steel in a building. 
At present the law says that if a man put a steel 
framework about his factory or machine shop, 
not only shall he build up floor by floor, one 
at a time, from the basement, but that he 
shall put into the steel -framed building just as 
great a thickness of brick — all the way up — 
as if the steel were not there. Furthermore, 
though reinforced concrete is stronger than brick- 
work, we have at present, if using it for a 
building, to put in a greater thickness of it than 
if it were brick. 

Reinforced concrete, as the student will learn 
from other portions of the Self-Educator, is 
concrete solidified about girders or rods of steel. 
The steel takes the tension, the ooncrete the 
compression. It is not new. Napoleon Bona- 
parte employed it for his fortifications ; but, like 
many other wonderful inventions, it has had 
to be rediscovered. America, which carries out 
building operations on such a gigantic scale, 
employs it for some of her largest undertakings. 
Some of her great buildings consist — from base- 
ment to roof— entirely of this ferro-concrete. In 
them enormous masses of machinery are handled, 
and mighty cranes travel with their giant loads 
every hour of the day and night— conclusive 
evidence of the stability of the material. 

Materials of the Future. Here, then, 
are two directions in which the builder and 
engineer of to-morrow may expect to turn. The 
uses to which reinforced concrete may be applied 
are beyond enumeration. For foundations of 
great buildings, for sub-aqueous piers and piles, 
for fireproof floors, for party walls, for, in fact, 
every kind of building in which strength and 
durability are demanded, steel and concrete are 
the materials of the future. 

The growing demand for cheaper and better 
cottages, which arises not only in London and 
the big provincial cities, but also in the country 
villages all over the land, directs attention to an 
unlimited field for the future. The problem to be 
solved is worthy the attention of the most 
thoughtful. In London, at any rate, rock- 
bottom seems to have been reached in 
the oost of production. Land is so costly 
and materials so expensive that if a man 
is to build a house which is to do him 
credit he must charge an exorbitant rent. The 
further settlement of the London artisan in 
cottages in or about London itself seems 
impossible. If he must be in London, he must 
seek the tenement dwellings. The best of these 
are as yet far from ideal. They want more air ; 
they want more sunshine ; they need better 
systems of heating and ventilation. Here is a 

519 


task for the accomplishment of which the whole 
world waits. Not even the ingenious American 
builder has reached finality in heating and 
ventilation. His hot-water pipes make the air 
stuffy ; his ventilation simply moans an apart- 
ment where draughts whirl in chilling blasts. 

New materials are n<*?ded for cottages outside 
London. Reinforced concrete may have some- 
thing to do with the solution of the problem. 
But the builder is still seeking a permanently 
non -inflammable wood. He needs it for the 
cottage ; he needs it still more for the large 
establishment. The authorities, rightly holding 
human life as more to be regarded than the 
pocket of the builder, insist that wood for 
staircases and what not shall lie of oak, or some 
other equally hard wood. This costs throe times 
as much as deal, which, were it rendered really 
non -inflammable, would answer as well. 

A Cheaper Power Supply. Another of 
the newer tendencies in modem industry is for 
great city firms to establish works beyond the 
London radius. Subsidiary industries spring up 
around these new centres of work. Populations 
grow and need to be catered for on the 8[>ot. 
(heap mechanical processes for the small man are 
necessary. Here occurs the opening for econo- 
mical power-supply. H itherto, the small man has 
hod to be content with an engine driven by steam 
or the gas used for ordinary illuminating purposes. 
The latter, handy for rapid starting of small 
engines, has, in its old form, done good service, 
but may now have to be modified to conform 
with newer ideas. Pressure-producer gas 
answers well for anything over 150 h.p., but 
suet ion -producer gas is the best servant of the 
smaller man, who requires up to 150 h.p. 
The principle of this wonderful invention 
is explained elsewhere in the Self-Educator. 
Here it suffices to say that the gas-engine, by 
drawing air through a fire of anthracite coal or 
coke, makes its own gas as it requires it. No 
steam-engine is required ; neither boiler nor 
chimney. It produces neither smoke, tar, nor 
smell. With a generator, a vaporiser, one 
or two Hcrubl>ers, and a fan for starting, the 
apparatus is very compact and simple. It 
consumes on an average 1 lb. of coal per brake- 
horse }H)wer, which is about half the consumption 
of a good steam boiler, and produces 1,000 cubic 
feet of gas for one penny. 

How a Railway Lost a Fortune. 
From this, the next step will be the application 
of the prineiple to the gas-engine. Probably 
hundreds of minds in various parts of the world 
art» now concentrated on this fascinating 
problem. Many obstacles will disappear with 
its advent. It is certain some day to be 
invented— as certain as that stars whose dis- 
covery the astronomers predict years before they 
art' seen do eventually come within the view 
of the telescope. Perhaps the secret has already 
been solved, and needs but rediscovering. 
Nothing is new, save application. Professor 
Adams, whose valuable course on Materials and 
Structures appears in this work, supplies in his 
own experience a most interesting example of 
this idea. As a boy, employed in the offices of a 
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great engineering works, he designed a new 
funnel for railway locomotives. He showed it 
to a relative who was locomotive superintendent 
to a railway company, but nothing was done 
with it. 

Five-and-twenty years later Mr. Adams 
Btumbled across his boyish production. He 
showed it to another relative high up in the 
railway engineering world, and this time the plan 
was adopted, the funnel being placed upon the 
engines of the London and South Western 
Railway Company. The result was, that during 
the next seven years the Company made a 
saving in fuel of £60,000. Had it been employed 
when first thought out, twenty -five years earlier, 
they might have been the richer by a sum which 
a child can calculate. Perhaps, in the same way 
we shall have to rediscover an old scheme and 
adapt it to the turbine gas-engine. That, says 
the scientist, will be the climax in the career of 
the gas-engine. But, as we all know, there is no 
finality in invention. 

Railway Revolutions. Railways must 
always afford scope for the inventive mind. The 
mono-rail appears to some the plan upon which 
progress in the future will be made. But no 
man need fear that one system will monopolise 
the world. It is perfectly safe to speculate with 
new contrivances for making even our present 
system more up to date. Scientific railway work 
has an immense future. In Great Britain and 
on the Continent, where such vast sums have 
been sunk in the existing systems, revolutions 
cannot be immediately expected, but inventors 
associated with firms which are building tho 
railways of new lands have fine scope for new 
ideas in traction, in appliances for giving 
additional safety, speed, and greater comfort 
in travel. Incidentally, of course, bridge con- 
struction and repair come within their purview. 
For their purposes, as for the purposes of a 
thousand other enterprises, we want more highly 
specialised machinery for tools ; new processes 
for high-speed steels ; more modem and power- 
ful machinery for pressed-steel car bodies for 
railways. The tendency here is more and more 
towards sub-division, and the increasing use of 
machinery for producing the materials required. 
Any new idea which enables a tool to make 
faster and deeper cuts adds to the common sum 
of production, and may mean a fortune to the 
man who devises it. 

Expanded Metal. It is interesting to 
trace the unexpected directions in which a new 
scheme radiates. A modem production, known 
as expanded metal, is obtained by punching short 
slits in sheets of metal and stretching out the 
latter into a species of trellis-work. Originally 
designed as a substitute for wire netting in 
fences, it was seized upon as the very thing 
to reinforce concrete employed for certain 
purposes. The concrete sets in the interstices 
of the steel and forms an almost unbreakable 
block. For plastered walls, the expanded steel 
still has its future, but for the other purpose it 
has become vastly more important. 

The last word of the electrician has not been 
spoken in connection with railways. Even in 
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the relatively unimportant matter of bell-hang- 
ing, or the fixing of other forma of alarms upon 
trains, he is still far from his goal. In the 
matter of cliff and mountain railways there 
remains a vast field still practically virgin soil, 
while our canal system appears at last likely 
to claim the notice which it has long deserved 
but been denied. 

Scope for the Electrician. Mention of 
electricity leads necessarily to the telegraph 
and telephone. The telephone will become as 
essential a part of household equipment as a 
bell or a door-knocker. Already St. Martin’s-le- 
Grand traces a movement towards the sub- 
stitution of the telephone for the telegram. 
This tendency they expect to see vastly 
developed. Necessarily, then, there lies here 
an enormous industry in the manufacture 
of implements for the telephone. Every year 
we pay to the United States and to Sweden 
hundreds of thousands of pounds for telephonic 
apparatus. It was but yesterday, so to speak, 
that attention was first given to the manufacture 
of these things in our own country. Now, how- 
ever, that the work has actually commenced in 
England, great possibilities open out to the 
inventor. Villages lying off the beaten track 
of the railway companies have now their tele- 
phone stations. The convenience would l>e 
enormously enhanced could defects in the ap- 
paratus be instantly repaired. At present, 
however, a fault may have to lie for days, until 
an operator, responsible for too large an area, 
can attend to the breakdown. We may hope 
for the day when the Government will see the 
wisdom of issuing licences to the local electricians 
to undertake repairs. This in itself might 
mean an appreciable addition to the income of 
the small tradesman in the country district. 

Machinery for Shops. the revival in 
J^ondon of a long-lost pneumatic tube anciently 
employed to despatch mails from the General 
Post Office to one of the railway termini is 
certain to give an impetus to this method of 
transmission. The pneumatie tube is already 
largely in use in post-offices and newspaper 
offices. It is capable of adaptation to the require- 
ments of many large warehouses and other 
business premises. The matter of shop and 
business fittings has not received in this country 
nearly so much attention as its importance 
merits. Artistically, many of our great business 
houses are nearly perfect. In point of utility, 
however, not much can be said of many of the 
most expensive items of their schemes. Every 
contrivance which saves labour and time in 
the conduct of business means additional 
revenue to the firm employing it. What may 
be termed shop machinery is an industry of the 
future. Supposing that one buy a desk or 
cabinet for his office. Some alteration is 
necessary — new or different handles are required, 
or some other point in its brass furniture needs 
amendment. Y ou cannot get that trifling altera- 
tion made without sending to Birmingham for 
materials. 

From all directions comes the demand for 
new ideas. Some firms have what is called a 


Suggestion Scheme. Men in the employ of such 
firms, if they have an idea, communicate it to 
their manager, and if there he anything in it 
they are given either a separate sum, an addition 
to their wages, or some share in the profits 
resulting from its application. The plan cannot 
be too highly commended. The firm which is 
eager for ideas, and ready to put them into 
practice, is the firm for which the future holds 
its riches. 

A Metal with a Future. Aluminium is 
a metal with a great future. So far. rela- 
tively few have concerned themselves with it. 
It can be made as hard as iron, though it 
is only a fourth the weight of silver. It does 
not corrode or tarnish, and in that respect 
has an advantage over all metals except 
gold. Its uses are infinite — for shipbuild- 
ing, for bicycles, for domestic utensils, even 
for decorative purposes. But although it was 
discovered nearly a century ago, it has never 
really had the vogue which it deserves. Diffi- 
culty of production has, of course, boon a 
deterrent. But we have in our rivers and streams 
and waterfalls running to waste the very power 
which would so well produce this valuable metal. 

Bunsen’s efforts at the production of aluminium 
by electrolysis were not a commercial success. 
But the world has travelled far since then, and 
electrolytic methods have developed enormously. 
Not aluminium alone can now be produced by 
this process ; the uses of electrolysis are almost 
unlimited. And we are still only on the fringe 
of the knowledge which as yet is to be gained 
concerning this interesting process. Every 
year reveals some new direction in which 
electrolysis carries its disciples nearer to fortune 
and the world to industrial revolutions. 

Opportunity of the Gas Companies. 
Competition between gas and electricity as 
illuminants has become so severe that 
the exploiters of both have to be continually 
on the alert for new ideas. It is surprising 
that they should let slip some of the best. One 
of the happiest ideas is a pneumatie gas-bracket. 
Instead of depressing a switch to turn on the 
electric light, one touches a button to raise or 
lower the light in the incandescent burner. The 
mechanism is simplicity itself, capable of infinite 
development where the electric light is not 
obtainable. 

Mathematicians have need of more instru- 
ments ; corporations need workable schemes 
for the conservation of flood waters which now 
run riot in winter and leave the lands parched 
and dry in time of drought. Our cities need 
improved destructor furnaces ; households need 
developments of coal-gas for domestic purposes. 
There is a call for improved cooking-stoves and 
utensils ; laundries need machinery which will 
cleanse, but not tear, clothes, nor need the use 
of chemicals which destroy them. Owners of 
small machinery plants want a simple, inex- 
pensive means of softening water. The printer 
is looking for a process by which he can print 
satisfactorily half-tone and “ line ” blocks on the 
same page without spoiling either. 

To be continued 
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Drafting Blouse Sleeves. Making a Blouse. Bodice for Stout 
Figures. The Drafting and Making of Various Patterns of Skirts . 


By AZELINE LEWIS 


pleated over and stitched instead of being 
inserted in a cuff. 

The Making of a Blouse. Having 
gone through the matter of cutting-out, we will 
now consider the making of a plain blouse — 
viz., that with the American yoke. Gather the 
centre of baok at the top about 2 or 3 inches. 
Turn up the yoke edge on the wrong side, 
snipping selvedges to prevent puckering, and 
press this. Place the centre over the centre-back 
of blouse, then pin yoke to this at both ends. 

also midway between 
these and centre ; draw 
up fulness to the right 
size, being careful not 
to get the gathers all 
in one place ; tack the 
yoke along and ma- 
chine in place, quite 
near the edge on the 
right side. Turn in and 
either tack or press the 
edges of the fronts of 
yoke | of an inch at 
least on the wrong 
side, and as these are 
on the cross, it may be 
as well to do so over a 
narrow strip of muslin 
to prevent stretching. 

Make an inch - wide 
hem on the left front 
for a button - stand, 
then gather upper 
edges, pin each end 
under the correspond- 
ing ones of yoke, draw 
up gathers to the right 
size, being careful not 

— to draw them too tight. 

at the top, and the 44 LEG motion and puff and bishop sleeves. pj n j n the centre and 
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The Sleeves. So far our blouses are 
sleeveless, but this omission can be easily 
remedied by turning to the next diagram. Here 
we have three different shapes evolved from the 
coat-sleeve of our drafting — that of a gigot, or 
leg-of-mutton, sleeve, having been already 
described. 

. On the right-hand side of No. 44 a medium- 
sized bishop sleeve is depicted. Place and pid 
the upper and under portions of the coat-sleeve 
pattern in their relative positions, the space 
between the slope 
at top and cuff being 
regulated by the sha]:)e 
and size required, and 
cut out. On the left- 
hand side the method of 
obtaining two sleeves is 
shown — namely, a leg- 
of-mutton bishop, and 
a puff to the elbow. For 
the former, the upper 
and under portions of 
the coat - sleeve are 
placed farther apart at 
the top than in that on 
the right hand, and 
consequently closer to- 
gether at- the wrist. 

From those two ex- 
amples it will be seen 
that it is juBt the spaoe 
between the upper and 
under parts which de- 
termines the shape and 
size of the sleeve ; the 
nearer together they 
are at the cuff part, the 
narrower will the sleeve 
be here and the fuller 
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the lower part, with a 
corresponding sweep 
of curve, giving the 
jelly-bag sleeve, which has, fortunately, just 
been consigned to the limbo of things past, 
but which may again return for aught we 
know. 

The second and outer row of broken lines on 
the left-hand example gives the method of 
cutting a puff to the elbow such as that shown 
in d of the group of blouses [See last number], 
the cuff portion being cut to the same shape as 
the lower portions of the coat-sleeve. The two 
other shapes shown —the gigot and the medium 
bishop with straight cuffs— we used for the other 
blouses. In b the fulness at the wrist is just 


front the same. If 
necessary, fit on to see that the front fulness sets 
well and easily, and if any alterations are 
required. Be careful to get both sides alike, 
then stitch the front yoke tohlouse at the edges, 
and put in the facing. For this last, turn in 
the edges to face those of outer portion. Pin 
the centre-backs even over each other, pin 
at each end, also between, and tack across. 
Proceed with the fronts in the same way, then 
hem the fao ; ng in position, and join the under- 
arms by a French seam. 

For the fold or pleat of right front, cut a strip 
about 3£ inches wide, place right side to right 



edge of front, run together, press, and turn over 
with the centre a little outside the centre of 
blouse, tack down, and hem inside over the 
turnings. Then machine-stitch at either edge 
with silk. Make three or more lengthwise 
buttonholes in the centre of this fold, and bar 
well at each end, then sew the buttons on the 
left front to correspond, and hem lower edge ; if, 
however, the material be rather thick flannel, it 
can be herring-boned instead. [See Herring - 
boning.] The waist fulness at back may be 
either drawn up with a “ runner,” or sewn to a 
band of waist-size, which is secured to the 
waist-line as far as the under-arm seam. This 
latter method obviates the bulkiness which is 
more or less inseparable with the “ runner,” 
and is certainly better for woollen goods. 

The Runner. For the “ runner,” how- 
over, stitch a piece of tape about 4 or 5 inches 
in length at the centre- back of waist on the 
wrong side — for a casing — then work a perpen- 
dicular buttonhole at each end. Take a piece of 
narrow tape, long enough to go round the waist 
and tie in front, thread it through the casing, 
bring one end through the buttonhole, turn down 
the other end and secure firmly to the tape 
casing, then thread another piece of tape through 
from the other side, and fasten in the same way. 

For the collar, if of material, turn in and tack 
the edges over an interlining of muslin, stitch 
them and secure to the neck of blouse and finish 
off in the same way as for bodioe. If of cotton 
material, the collar oould be interlined with a 
coarse linen to take the starch. 

Making the Sleeves. The sleeves are 

joined up bv a French seam, and have a wrist 
opening made about 2 or 24 inches in length at 
centre-back. For the finishing of this, stitch a 
narrow fold on the upper side, make a narrow 
hem in the under part, and fasten off the former 
over the latter securely at the top [46]. For the 
cuff cut a straight piece of material 6 or 7 inches 
wide, fold in half, wrong side out, and stitch 
down each end, leaving only very narrow 
turnings. Turn inside out, then tack and 
machine-stitch once along the fold, also at each 
end — more if wished. Gather the wrist part of 
sleeve, and draw up to fit cuff. Turn down 
upper edge of cuff, pin to sleeve, arranging 
fulness evenly, then tack and machine-stitch 
together. Turn in the other edge, being careful 
to make the ends neat, and hem the inside part 
over the turnings. Then make buttonholes and 
sew on the buttons. Gather the upper edge of 
Bleeve, pin and tack in armhole, with fulness 
well round shoulder, then stitch in place. Cut 
off the superfluous turnings and overcast neatly. 

For d in the group of blouses, the side portions 
must be gathered and arranged very carefully 
and evenly on each side before tacking the back 
to the front at the shoulder and under-arm seams. 
An amateur would find it easier and safer to 
tack the yoke, if of thin or " stretchy ” lace, to 
muslin or leno before arranging the side 
portions in place, and then cut this all away 
when the blouse is finished. 

The back fastenings are better arranged on a 


false hem as shown in the diagram 146], but if 
buttonholes to show be preferred, be sure to 
make these horizontal. Hooks are also used for 
fastenings, but they should be of a make that 
will not easily come unfastened, and eyelet-holes 
are preferable to loops for securing them, unless 
the material be of a thin, loose make, when 
small silk loops or bars, buttonholed with silk, 
are beet. 

For the yoke of e, if arranged as sketched, 
tack the insertion on the foundation, leaving 
not more than J of an inch between — a trifle less 
is better — for the faggoting. If it is to be 
transparent, this is better worked on a pattern 

oke of something stiff, either French canvas or 

rown paper, and the lace must be tacked 
firmly at both edges, or it will go askew in the 
working. As this is rounded the insertion would 
be better rim along with fine cotton at the upper 
edges to draw it up to the required Bhape. 

A Bodice for Stout Figures. Thus far 
our models have been built for thoso of normal, 
well-proportioned figuros, but there are a vast 
majority who are outside these limits, and such 
as those usually receive scant consideration in 
the majority of fashion articles. 

It has been already suggested that for very 
stout figures three side-pieces may be advisable, 
and in some cases three aarts also. In the accom- 
panying diagram [47] we have a bodice of this 
order, an arnmgoment which gives more spring 
and shape to each portion, and also lessens the 
space between each, thereby giving a more 
graceful effect to tho bodioe, the making of 
which has already been described. 

In the next diagram [48] is shown a bodioe 
with an altered waist-lino — i.e. t shorter in front 
than at the back, a very usual failing in thoso of 
advanced years. The sleeves aro cut and set in 
Raglan fashion, a raothod which has many advan- 
tages over the ordinary shape of armhole, par- 
ticularly where there is any stiffness of tho 
joint. The pointed cape is in addition, wo 
think, a little smarter than the shawl usually 
worn, as it can be trimmed in a variety of ways. 
As the back would be more or loss bent and 
rounded, the centre-back portions of bodice 
might be eased a trifle to the curved side-piece, 
but it must be remembered easing does not 
mean gathering or puckering. It may bo 
pointed out that in this shape it is much easier 
to obtain a comfortable fit without any of the 
little pleats so often thought necossary for such 
figures. 

DRAFTING 6 MAKING A SKIRT 

Having learnt how to draft a bodice from 
measurements, the next step is the drafting 
and making of a plain skirt. We have chosen 
for this purpose a five-gored affair, of walking 
length, as one of the most useful skirts for both 
slim and stout ; and, moreover, one that is 
capable of being easily adapted to a two, three, 
and seven-gored shape. 

For skirt drafting, the measurements required 
are those of waist, hip (this is taken at the 
largest part of the hips), and length of front. 
As we hive already seen, however, the perfectly 
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proportioned figure is rather the exception than 
the rule, so it may be necessary to take measure- 
ments of the back and the sides to ensure a 
perfectly hanging skirt, particularly in the case 
of stout figures, though slender ones may also 
need this at ention. For instance, some either 
sink in or are rather flat a the back, just below 
the waist, a deficiency which is generally 
accompanied by an undue fulness of figure in 
front or at the hips, all of which will affect the 
hang of the skirt. This is of special importance 
in trie case of skirts made either just to clear 
the ground, or what, is known as the “ trotteur ' } 
length — ■»>., several inches from the ground. 

The measurements of the skirt in the accom- 
panying drafting are : 

Waist measure 24 inches 

Hip measure 42 „ 

length of front 40 

Having taken these measures, we will proceed 
to draft the skirt. 

The Front Gore. Draw lines A to 1, 
the length of skirt, at the edge, so as to keep 
this quite straight for the fold of front. 

Next draw 1 to 2, quarter of hip measure 
(10J in.), then A to B, quarter of half waist 
measure, plus £ in. for the dart (3| in. in all). 
Now r place a tape measure on B and 2, and 
make 3 the length of the skirt — *>., 40 in. 

B to ( ! is ^ in., and B to 4 measures 4 in. 
Curve from C to 4 for the side of front, also 
from 1 to 3 for the foot part of this. Lower the 
waist front \ in. from A, and then curve it up to 
(\ Mark 5 midway between G and 3, this being 
of importance when putting together. [ 49 ] 

Side Gore. In drafting the side and 
back gores, remember to draw’ the lines for the 
length of these J in. or so from the edge of the 
paper to allow for turning*. 

Make A to B half the size of waist — remember, 
half measures are taken for this — plus 2 in., which 
last will bo taken out in the darts, and then 
mark C midway between A and B. 

From B to D measures J in. 

From A to 1 is 1 in. (or a twelfth of waist 
measure). 

C to E is a twelfth of waist measure, less Jin. 

From 1 to F is £ in. 

Curve from F through E to D. 

F to G is \ of waist, measure — i.e., 3 in. 

D to H is the same length. 

Draw a line from 1 to 2 for the length of 
skirt (40 in.), then make 2 to 3 half of seat 
measure (21 in.), plus 0 in. ; mark 4 midway 
between 2 and 3, 5 l>cing halfway between 2 and 
4, and 0 the same distance between 4 and 3. 

Now place a tape measure on B, extending it 
to 3 ; draw a line and make 7 the length of 
skirt, then do the same from E to 4, and make 

I the length of skirt. 

Wc now' return to the w’aist, and finish the 
dart here. 8 and 9 are each midway between 
F and G, H and 1). 8 to J and 9 to K ore each 
the length of the skirt. 1 to 10 is 4 in., B to 

I I the same distance. 

Curve from F to 10 and from D to II for the 
sides of the gore, to shape these to the waist. 


Make dot L in. from E on the line drawn 
from here to I ; then draw lines from G and H 
to L for dart. 

For the foot part, draw lines from 2 through 
J, I and K to 7. M and N are each half skirt 
length, that is 20 in., and correspond to 5 on 
front width. [ 50 ] 

BacK Gore. Draw line A to 1, the length 
of skirt, and 1 to 2, half of hip measure (21 in.). 
3 is midway between 1 and 2, 4 between 1 and 
3, 5 between 3 and 2. From A to B measures 
quarter of waist, plus \ in. (3£ in.) ; whilst C is 
midway between A and B. A and D is J in. E 
and F are each halfway between D and C, C 
and B. 

Now place the tape measure on B, also on 2, 
and make 6 tho length of skirt, E to I, C toH and 
F to G t>eing each the same measurements. For 
the foot part, draw a line from 1 to I, H and 
G, to 6. A to 7 is 4 in., curve from D to 7 
for the side of back gore. 8 and 9 are each half 
of skirt length. [51] 

Note that the broken lines in the side gore 
represent the wrap for placket opening. From 
F to 12 is the length of plackot, 12 to 13 being 
2 in., 13 to E measures J in. more than from 
F to 12, this being necessary for the curve of 
waist. The thick line on the wrap shows where 
tire pocket can be inserted. This, however, is 
a matter for which no hard-and-fast rule can be 
given, as pockets can be placed in the gores, in 
tho case of full skirts, or on the other side of the 
placket, to come under the front. 

When the skirt is drafted, cut it out along 
the jieneil marks, and notch the sides of the 
gores at the dots 4, 10, 11, and 7 ; also 5, M, 
N, and 8, so that no mistake shall be made 
when putting together. 

Adapting Pattern to other Shapes. 

Fashion is so constantly changing in the 
matter of skirts that wo cannot possibly attempt 
to deal with the variations of La Mode in this 
respect, but will confine ourselves to showing 
how the more usual shapes can be evolved 
from the skirt just drafted. When these are 
done successfully, the worker should have gained 
sufficient knowledge to evolve any more elaborate 
styles that may be preferred. 

The Circular or Umbrella Skirt. 

In the diagrams given, the portions not to be 
cut are marked with a line and crosses. The 
umbrella skirt is now a very popular shape, so 
we will take it first. It is cut in one piece, 
with a seam down the centre of back, but 
fashion sometimes prefers it cut in two pieces, 
with a seam in the centre of front as well, a 
method usually adopted for checked and striped 
goods. 

If cut in one, it is not always possible to do 
so from material folded in the ordinary way; 
but if this be opened out to its full width and 
then folded, it is comparatively easy. It is, 
however, only possible to do this when the 
material has no pattern or pile, as seams or 
joins are sometimes made on either side ; and 
unless both are the right way of the material, 
the result will not be a happy one. 
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To convert the five-gored skirt to a circular 
shape, cut the side gore from 1, through L, to 
within l in. of C ; this will, allow it to fit closely 
at the waist without darts, and also give a little 
more spring and fulness at the lower part. If 
darts are required, this is not necessary. At 
the present moment, however, the circular 
skirt is very full and guileless of darts at the 
waist. 

Having cut up the gore, open out the material 
to its full width, and fold over ; then lay all the 
gores on the material, with the centre-front to 
the fold, beginning at the bottom and taking 
care to allow for turning up. Place all the 
darts together, leaving a space of 3 in. or more 
at the bottom For a close-fitting skirt, close 
the darts F and 0, 10 and 4 touching, which 
will leave 6 in. between each gore. Treat the 
other darts in the same manner. Pin all care- 
fully in place liefore marking 
and cutting out. [52] 

If the waist part be tucked or 
gathered, the darts should be 
placed apart. From this it will 
be seen that this model is 
capable of many modifications, 
and may be utilised for an 
ordinary morning skirt or made 
into an extremely stylish affair, 
suited to a visiting or an even- 
ing gown, when it could be 
trimmed in a variety of ways. 

A Three-piece SKirt. 

This shape of skirt is also 
popular, and consists of a 
front width and two wide 
gores. To obtain it, place the 
centre-front to the fold of 
material, then place the side 
and back gores together, 7 and 
1 1 touching, also 8 and N and 
7 and 1. Mark round and cut 
out, excepting the portions 
indicated by the crosses, as 
in the previous diagram. The 
front side of gore, F to 2, must 
be placed to the selvedge ; and to cut this without 
joins the material will have to be opened out to 
its full width, though it would not be quite so 
economical as cutting from the material folded 
in the ordinary way and joining on small pieces 
at the lower edge of back. [53] 

Converting a Five to a Seven-gored 
SKirt. A very graceful skirt is the seven-gored 
shape, particularly for stout figures, and also 
for a smart skirt for evening wear. 

For this the following alterations are made in the 
side gore, so we must again refer to diagram [50]. 

Make S 1J in. to the right of I, then draw a 
line from S to dot L — that is, just at the point of 
the dart, as indicated by the broken line in the 
diagram. Now trace from S, through L, to G 
at the waist, so that F to G and 2 to S now 
represent the first side gore. H to D and I to 
7 make the second gore. When tacking 
together, place G to H, S and I together. 

A “ Flare ” and Evening SKirt. From 
our five-gored pattern we can also evolve the 
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“flare” skirt, either in five or seven-piece 
form. Our diagram shows the latter, the flare 
being indicated by a broken line, whilst the 
double line indicates the direction to be taken 
if a trained skirt be desired ; the length of this, 
of course, depending on taste and circum- 
stances. [54] A five-gored “ flare ” skirt is 
cut in the same way. 

The skirt shown in this diagram is close- 
fitting round the hips, but as fashion alters so 
much in respect to fulness, it may be necessary 
to cut it of ampler dimensions. 

The width of the front gore is a quarter of hip 
measure, the two side gores quarter of hip, plus 
5 in. or more, and the back, half of hip, or more, 
according to taste and prevailing fashion. The 
length, of course, will also be regulated by the 
same rules, as well as the flare, which may 
be more than the 3 in. allowed for in the 
diagram. When cutting out 
this skirt, the gores with the 
broken line should be placed 
to the straight of the material, 
as indicated in 54. 

The BacK Fulness. 
With respect to the fulness at 
the back, this is largely a 
matter of taste and fashion. 
Somet imes a sheath -like effect, 
guileless of any pleat at the 
back, is the prevailing mode ; at 
others a fairly full effect is pre- 
ferred, which is obtained either 
by a box, or an inverted, pleat 
at the centre- back. If the 
former, the centre-back must 
be placed to a fold, as there 
must be no seam here. If the 
latter, the centre seam on 
the bias, as shown in the 
diagram [51], will be correct, 
hut the needed amount 
for this can be allowed on 
the back of the pattern. 

For stout figures, a pleat 
or fulness at the centre- back 
is always desirable, as it “ takes away ” from 
the apparent width or flatness which is so 
frequently the weak point. 

If a gathered skirt be required, the drafting 
should be cut without allowing for either dart or 
shaping at waist part of seam — that is, from A 
to B in the case of each gore, plus the necessary 
amount for fulness, which depends on the 
material employed, as very thin stuff requires 
a good deal to look well without adding very 
much to the size of hips. The greater amount 
of fulness should be at the back part of side 
gore and the back gore. 

Cutting out the Lining. Having traced 
and cut out the pattern and carefully marked 
the various portions indicated by the dots, we 
will prooeed to cut out the lining. 

Place the front of pattern to the fold. Trace 
from 1 to 3 to C, and also through 5, leaving 
} in, on side seams, and 1 in. on the bottom for 
turnings. Should the material be of a loose 
make, lj in. must be left 




The front edges of side and back gores go to the 
selvedge If the lining is not wide enough to out 
the side gore, join on pieces at the lower part 
of back, as shown in diagram [55]. Trace from 
2 to F, through E to D, from 2 to 7, from 7 to 
D ; also the line from I to dot L and the dart, 
the dart and wrap, also M and N, and leave 
turnings as before. Then trace the back gore. 

Cutting the Facing for Foot Fart. 
The broken lines at the bottom of the diagrams 
49, 50 and 51 indicate the depth of facing, 
which, to set well, must be cut to the same 
shape as the bottom of the skirt. For the front, 
mark off 3 in. from the bottom, or the depth 
of facing required, from 1 on the fold, also in 
the centre and up from 3. Draw a line through 
these marks. 

For the side gore, mark up 3 in. (or to corre- 
spond with the front) from 2, J, I, K and 7 ; 
then draw a line through marks, as explained 
for front. Treat the two gores in the same 
way ; then, to save wasting the lining, traoe the 
facing out on paper, taking care to number and 
mark the parts where they are to be joinod. 

Cutting out the Material. When the 
lining is cut out, proceed to arrange the 
various portions on the material, as shown in 
the diagram [55], which represents the five-gored 
skirt placed and pinned on 44-in. goods without 
any up or down, so that the back gore may be 
reversed, and considerable economy effected. 

For faced cloth, or any material with an up 
and down, each gore must be placed the right 
way up, and no reversing is possible, as shown 
in diagram [56]. Velvet or velveteen will neces- 
sitate each piece being placed separately and to 
face the right way up of the material, in the 
same way as shown for bodice. [See Bodice.] 
Trace and mark the material in the same way 
as the lining, allowing the same turnings. 

Basting Lining and Material. First 
outline the waist-line and the bottom of the 
skirt on the lining, also the placket opening 
and darts, with white cotton. Before beginning 
to baste, place the fold of material of front on 
the corresponding fold of lining, and tack the 
two pieces together along this line. Smooth 
the material carefully on both sides of the fold, 
also towards the top and bottom of the gore, pin 
along the edge, and round the gore. Use 
No. 40 basting-cotton, with a No. 5 or 6 needle. 
Begin to baste [for basting see Stitches and 
also Bodice] at the left-hand side of the waist, 
smoothing it as you go along, taking care not 
to stretch the bias side of the gore. Baste 
lining and material together with a stitch 
j in. in length — with the needle straight from 
right to left — all round the gore, 1$ in. from 
the wheel-mark. 

For the side gore, pin the centre of this to the 
centre wheel-mark of lining, and all round the 
edges, carefully smoothing before pinning ; 
then baste down the oentre and all round in the 
same way as for the front. Proceed with ‘the 
back gore in the same way as the side gore. 

TacKing the Gores Together. Place 
the side gore on the table, with the straight, 
or selvedge edge towards the worker and 


crossway edge away. Now place the bias edge 
of the front gore to the straight edge of side 
gore , according to the marks or notches, taking 
care not to stretch the crossway edge, nor to 
lift it from the table when tacking. Pin the 
material in the wheel-marks at the waist at 
top and bottom edge, also midway and several 
times between. 

Tack J in. only in from the pins, making 
stitches $ in. in length, leaving the lining 
loose ; then take out the pins and turn the 
lining back to the wheel-mark all along the 
gore. The left-side gore should only be tacked 
as far as the placket opening. 

Tack the other gores to their corresponding 
edges in the same way, remembering that the 
selvedge edges will go to the bias ones, except 
of course, at centre-back, where the two cross- 
way edges come together. 

Stitching the Seams. The inside of the 
skirt should now present the appearance in 
diagram [57], where all but the back seam are 
tacked ready for machine-stitching, this being 
left open for tho sake of clearness. 

When machining the seams, keep the work 
well up to the needle ; this is especially neces- 
sary if the material be at all loose, as a puckered, 
stretched, or drawn effect will be the result if 
the machine be allowed to drag the work. No. 

60 cotton should bo used for stitching the 
seams, but silk is preferable, and, if the latter, 
use either 36 or 40. Stitch up left side of front 
gore only as far as placket-opening. 

Pressing the Seams. When all the 
seams are machined, remove the tacking- 
threads, also the white cotton trackings, from 
the scams, but be careful not to remove those of 
placket opening. 

Before pressing, cut off the edges of the 
seams to about J in. Do not use water or a 
damp cloth, unless experiments have previously 
been made on a piece of the material to see 
whether it will stand this, as some stuffs will 
quite change colour if either be employed. Open 
the seams and with the aid of a covered roller 
and a warm iron, procaed to press them gently. 

It should be remembered that in dressmaking 
the word “ pressing ” is used in its literal 
sense ; the iron should neither be pushed nor 
rubbed along, as in laundry work, but should 
be used with a firm, gentle pressure. 

When the seams are well pressed, tack the 
straight edge of the lining £ in. away from the 
seam of the skirt — the wheel-marks on the 
lining and material must now meet — then turn 
down the bias Bide J in. beyond the wheel- 
marks (to make up for losing in making), and 
tack over the straight edge. Note the crossway, 
or bias, edges of gores are felled over the straight 
ones. Now fell the turned-over crossway edge 
with a fine needle and No. 60 cotton. [58] 

To prevent the waist getting stretched whilst 
the seams are being felled down, it is advisable 
to tack a piece of straight lining to the waist -line. 
Proceed with the back and side gores in the 
same manner, remembering that the other side 
of the skirt is tacked from top to bottom. 

To be continued 
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JTNGLAND is fortunately constituted for the the stone contains shells the position in which 
study of geology. The various strata in they are bedded may indicate the natural bed, 
their natural position, in horizontal layers one as they would originally be deposited horizon- 
above the other, would occupy many miles, and tally. Sometimes wetting a stone helps to show 
the lower ones would be practically inaccessible, up the difference in the faces and make the 

But in England they are, speaking generally, stratification more apparent. If the water be 
tilted up on the western side and down on the applied gradually, the direction in which the 

eastern side, all lying at an angle, so that on moisture spreads most rapidly indicates the 

the east coast only recent alluvial deposits are natural bed. Under a magnifying-glass the 
found, but in travelling towards the west, the particles composing the Btone may be observed 

outejop of the various strata is passed over until flattened in lie direction of the pressure, thus 

the ignoous rooks are reached on the west showing the beds. When it cannot be detected 
coast. # by the eye, the mason can often tell by the feel 

Architecture Dependent on Geology, of the grain in working it. 

The architecture of a country naturally In considering the principal stones used in 
follows that form most suitable to the pre- building, it will be desirable to begin with the 
valent building material, bo that where forests oldest group. 

abound timber dwellings are the rule— as in Basalt. Basalt iB the general name given 
Norway at the present time, and in England to those igneous rocks of volcanic origin which 

during its early history. Upon the disappearance by eruptive agenoies have been forced as lava 

of forests, recourse has to bo had to the materials through granite and the superincumbent strata 

in the Boil. Hence towards the east ooast, where to all levels at various times. BasaltB are nearly 

clay abounds, brick buildings are the rule ; and homogeneous, the component materials being 

towards the west, whore stone is abundant, finely divided and equally distributed through- 

stone dwellings are more common. out the mass, while granites consist of crystals 

The London Basin. In the neighbour- of such size as to render the composition clearly 

hood of London there is a peculiar dip in the evident on inspection. True basalt is found all 

strata, taken across the bed of the Thames, over the county of Antrim in Ireland, in the 

forming what is called the London Basin [47]. Hebrides, and the North and Midland oounties 

A study of this will show how rooks and minerals of England. It is of a dark green, or nearly 
that have been deposited at different periods may, black, colour, and so difficult to quarry and work 
in certain places, be seen and examined on the that it is only used for road metal, paving setts, 
surface. It also shows why artesian wells sunk and pitchers, and the manufacture of artificial 
through the impervious London clay provide a stone. It is composed of lime-felspar, augite 
large supply of water, it having travelled through (silicate of magnesia), olivine, and titano- 
the greensand from considerable distances. ferrite ; when the felspar predominates, the 

Building Stones. Building stones may colour is rather lighter. It generally occurs in 

be classed as (a) hardstones, such as granite and dykes or sheets, penetrating other rooks, or 
several kinds of sandstones ; and (b) freestones, lyiug between them or upon the surfaoe, some- 
such as Portland oolite, Bath Btone, Caen times stratified, and at other times oolumnar, 

stone, etc. They may also be divided into (a) with six or eight sides, as in the Isle of Staffa or 

siliceous stones, in which silica is the prominent the Giants 1 Causeway. Basalt lava blocks, 
constituent, such as Granite, Bramley Fall, and either rock-faced, or with drafted margins, form 
Craigleith ; (6) argillaceous stoneB, in which good plinths for heavy buildings, 
alumina is the chief constituent, such as clay Trap KocKa. Trap rocks oonsist of a 
slate ; (c) calcareous stones, in which carbonate mixture of felspar and hornblende, varying from 

of lime predominates, such as Kentish Rag, a dense mass without apparent grain to a 

Portland, Bath. Caen', etc. Sandstones have the granular crystalline structure. The names of 

greatest fire-resisting ability ; limestones decom- the varieties depend upon the district from which 

pose under heat, and clay, slate, and similar they come. The colours vary from greenish- 
b tones crack when heated. grey to black. When stratified, this stone 

Detecting the Natural Bed. Some ^ easil y converted to paving setts, but 
stones, particularly when of a laminated variety, no ^ suitable for use as a building stone, 
show the natural bed at a glance, two of the owing to its decomposition on exposure to the 
faces being comparatively flat and smooth, and weather. 

the others more or less in projecting portions. Greenstone. Greenstone is distinguished 
In other samples, stratification of coloured or from true basalt by its containing hornblende ; 
crystalline particles may be observed, and when for example, that found at P onmaenma wr in 
ro* 
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North Wales, and at Rowley Regis in Stafford- 
shire, known as Rowley Rag. The Penmaenmawr 
stone is easily split for paving setts by cutting 
a fine line with an axe in the direction required, 
and then tapping smartly with a hammer. 

Whinstone. Whinstone is similar material 
found in various parts of Scotland. It is 
used as road metal. 

Serpentine. Serpentine is a hydrated 
silicate of magnesia mixed with carbonate of 
lime, steatite or soap-stone, and diallage, which 
is a foliated variety of hornblende and dolomite. 
It is found in all shades of green and red, and 
takes its name from the mottled streaks and 
patches in which the components are arranged. 
It occurs in Galway as Connemara marble ; in 
the Shetland Isles and North of Scotland, 
Anglesea, and Cornwall. It is compact in tex- 
ture, but soft and easily worked, takes a fine 
polish, and is used for interior decorations, as it 
does not weather well for outdoor use in towns. 
The red varieties weather better than the green. 
They are quarried in blocks two to three feet 
long. 

Porphyry. Porphyry is a stone of varied 
colours, consisting of a fine matrix with larger 
crystals interspersed. Felstone, or felsitic por- 
phyry, has a base of quartz and orthoclase, 
known as felsite, with independent crystals of 
felspar. Quartziferous porphyry has a base of 
a granular crystalline compound of quartz and 
felspar, with independent crystals of quartz and 
felspar. It is used chiefly for road metal and 
paving setts, but the fawn-coloured sorts are 
sometimes used as building stones, although 
they cannot be obtained in very large blocks. 

Porphyritlc Granite. Porphyritic granite 
from Penzance and Land’s End has large 
crystals of felspar, known as horses’ teeth, and 
has a yellowish tint. Shap Fell is a porphy- 
ritic granite from Westmorland, and is of a 
pink, or reddish-brown colour. It takes a fine 
polish, and is largely used for decorative work, of 
which London examples are the columns at St. 
Pancras Station and the posts enclosing the 
western area of St. Paul’s Cathedral. 

Granite. Granite is the general term for 
granite and syenite and for stones of inter- 
mediate composition. It is an igneous rock of 
granular crystalline structure, consisting of 50 
to 60 per cent, of quartz in crystals, 30 to 40 
per cent, of felspar in amorphous lumps, and 
about 10 per cent, of mica in small detached 
glittering particles. The felspar is very irregular 
in size, and its colour gives the tone to the mass. 
The durability of granite depends principally 
upon the proportion of quartz it contains, on 
the regular distribution of the felspar, on the 
smallness of the mica grains, and upon the 
absence of iron in any form. The mica is the 
most liable to decay, but the felspar is some- 
times in a state of incipient decomposition into 
kaolin, or porcelain clay. Potash felspar is 
more liable to decay than lime -and -soda felspar. 
There is very little waste in a granite quarry, as 
the larger pieces are used as building blocks, the 
2 m 


smaller for road metal, and the cliippings for the 
manufacture of artificial stone. 

Aberdeen Granite. This granite is con- 
sidered one of the best. It is a clear grey, very 
durable, and takes a high polish. It is exten- 
sively used for building purposes in the neigh- 
bourhood of the quarries, also for bridges and 
dock work. In London it is used for polished 
columns, pilasters, plinths, and other architec- 
tural features. It is better to have it dressed at 
the quarry, as it is easier to work before the 
quarry sap has dried out. The local men, from 
their experience, can also usually work it with 
greater facility ; and as ‘most granite quarries 
have machinery on the spot, those portions which 
can be so worked can with advantage be dressed 
at the quarry. The saving' of freight in the 
reduced weight is also a consideration. 

Peterhead Granite. This is a well- 
known variety, of a good rod colour, taking a fine 
polish. It is largely used for constructional and 
decorative purposes. The pillars of the Carlton 
Club, London, arc of Peterhead granite. 

Guernsey Granite. Guernsey granite is 
very hard, and tends to become slippery when 
used for paving setts and pitchers, but is very 
durable. It has a close grain and bluish colour, 
and is generally heavier than Scotch granite. 

Irish Granites. Irish granites have 
various shades of grey, as a rule, but that from 
Galway has a reddish tint, and Ncwry furnishes 
a granite of greenish colour which is more 
correctly a syenite. 

Norway Granite. This variety, generally 
grey, but obtainable in other colours, is very 
largely used for kerbstones, for which it is 
preferred, as it may be obtained in long lengths. 

Syenitic Granite. This granite has the 
addition of hornblende to the other minerals in 
ordinary granite. De Lank granite from 
Cornwall is one of the best known, and is highly 
appreciated from its density and light-grey colour. 
It is hard, compact, and durable, and was 
used in several works at Portland, Milford, 
and Pevonport, as well as for Eddystone 
and Beuchy Head lighthouses, and in Black- 
friars Bridge. 

Syenite. Syenite is similar in general 
appearance to granite, but consists of crystals of 
quartz, felspar, and hornblende, the latter taking 
the place of the mica in ordinary granite. The 
name is derived from Syene, in Upper Egypt, 
but it is also found in Leicestershire, Merioneth- 
shire, and the Channel Islands. It is generally 
of a dark blackish -green colour owing to the 
hornblende, and containing some pink, grey, or 
pinkish-brown crystals of felspar, . according to 
the locality from which it is derived. It is on 
the whole tougher, harder, more compact, and 
of finer grain than ordinary granite, and of a 
darker colour. It is the most durable of the 
granite class, and will take a fine polish, but is 
used principally for paving setts and road metal. 
When the expense is not prohibitive, it may be 
used for exterior decoration. 
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Leicestershire Granite. This is a 
true syenite, but the colour is variable, that 
known as Cham wood being dark -green, Clift 
Hill dark-green and pink, while others are blue 
and pinkish -brown. 

Elvan. Elvan is a fine-grained crystalline 
stone, composed of quartz and felspar, found in 
Cornwall and Devonshire ; like a granite, but 
without mica. 

Gneiss. Gneiss belongs to the metamorphic 
group, composed of quartz, felspar, and mica. 
The latter constituent occurs in layers, giving 
an appearance of stratification, and enabling the 
stone to be easily split. It is used as a building 
material in the bodies of walls, and also for 
flagging. 

Mica Schist, or Mica Slate. This 
stone is composed of mica and quartz in thin 
layers, of a silvery grey, glistening colour. It 
is used for flagging. 

Hornblendic Schist, or Hornblende 
Slate. This consists principally of horn- 
blende, with a little felspar and quartz. It is 
tougher than mica slate, runs thicker, and is 
superior for flagging. 

Slate. Slate is a stone formed of com- 
pressed clay, derived from the decomposition of 
felspar in the granite rocks washed down into 
ancient Hou-bodN, anti there subjected to great 
pressure and heat, and the cleavage planes 
developed afterwards by lateral compression due 
to the shrinkage of the earth’s crust. It is, 
therefore, originally an aqueous or sedimentary 
rock, but (‘lassed as metamorphic owing to the 
changes wrought in its constitution by igneous 
action. 

The action is supposed to have been somewhat 
as follows : The original grains, more or less 
rounded, as shown in 48 , were compressed by 
superincumbent deposits into laminated bods 
as in ordinary stratification, and then, by 
the great horizontal pressure due to the 
shrinkage of the earth’s crust, the layers were 
forced to take a more or less vertical position 
1 50]. This resulted in the original beds becoming 
convoluted, as shown by the wavy lines in 51, 
and in cleavage planes being created, as shown 
by the straight inclined lines in the same 
figure. The upper surface being denuded by 
the action of the weather, glaciers, etc., does 
not often follow the line of the stratification. 

Slates arc found chiefly in North Wales, but 
also in Cornwall, Lancashire, and Westmorland. 
The blocks arc sawn to various lengths, according 
to the size of slate required, separated into 
pillars [52], and then split along the cleavage 
plant's to an average of -, j\ in. thick. The most 
usual sizes are Duchesses, 24 in. by 12 in. ; 
Countesses, 20 in. by 10 in. ; Ladies, 16 in. by 
10 in. ; and Doubles, 13 in. by 10 in. Blue slates 
are obtained from Bangor, Cefn, East Cornwall, 
Launceston, and elsewhere. Purple slates from 
Carnarvon and Penrhyn ; green from Elter- 
water, Tilberthwaite. Kirkstone, &c. ; grey 
from Yeolmbridge and Garrybeg ; red from 
Dinorwic. Although chiefly used for roof cover- 
ings, owing to their comparative lightness and 


durability when exposed to the weath\ 
larger slabs are used for chimney-pieces, ^ 

shelves, steps, tanks, paving, etc., and for 
other purposes in the neighbourhood of the r 
quarries. A good slate should have a clear ring 
when Rtruck with the knuckles, should be free 
from any earthy smell when wetted, and when 
stood to half its depth in water should show no 
perceptible rise of moisture. The conversion of 
a block from the quarry into roofing Blates is 
shown in 52. 

American Slates. American slates of 
various colours have been introduced, but they 
only have one quality to recommend them — viz., 
cheapness in first cost. 

Westmorland Slates. Westmorland 
slates are thicker and coarser than Welsh slates. 
They are not mado to any special size, and 
are termed ton slates, being sold by weight 
instead of numbers. They are sorted out into 
sizes on the job, the largest being fixed at the 
eaves, and the courses diminished in width as 
the ridge is approached. They are sometimes 
laid like glass in a conservatory roof, with a 
simple lap at the ends, butting at the Bides 
against a fillet down the centre of the rafters, 
and the joint covered with a twice splayed 
wood fillet. 

Enamelled Slate. Enamelled slate is 
used for lavatory tops, table t-ops, and chimney- 
pieces. Cornish slate makes the best slabs, but 
inferior slate is generally used for enamelling. 
The slabs are planed and rubbed, coloured black, 
and placed in racks in a large oven heated to 
300° F. When removed, they are coloured to 
imitate various marbles, and again heated, and 
finally polished with rottenstone. 

Slatestones, or Tilestones. These are 
not true slates, although called slates locally. 

A true slate does not split along its bedding 
planes, but along cleavage planes, more or less 
at right angles to the bedding planes, while the 
tilestones are sandstones or limestones that 
split easily along their bedding pianos, and thus 
form slabs that may be used for roofing purposes. 
Tho best known are perhaps the Colyweston 
slates from Stamford, in Rutlandshire, consisting 
of a dark-grey limestone. The blocks are split 
into slabs by having water thrown on them in 
the winter, when alternate freezing and thawing 
cause the splitting. 

Sandstones. In sandstones the grains of 
quartz or silica forming the mass of the stone are 
indestructible, but the cementing material may 
be very liable to decay, as happens in the case of 
carbonate of lime. A dull, earthy appearance in 
sandstone indicates a poor quality. When the 
cementing material is siliceous the stone is most 
durable. Sandstones may be classed, according 
to their physical character, as liver-rock, flag- 
stones, tilestones, and grits ; or according to their 
composition, as micaceous, calcareous, felspathic, 
and metamorphic. 

Shamrock Stone. This stone, which 
comes from Liscannor in Ireland, is a blue-grey 
millstone grit of two kinds, both very hard and 
durable. That from the top bed is used for 
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kerbs* setts, pitching, and building blocks for 
* engineering purposes. That from the lower bed 
is slightly laminated, and can be split very truly 
for pavings, landings, dags, and steps. It is very 
durable, as it is free from carbonates. 

Brietol Pennant, or Blue Pennant. 
This is a hard sandstone of a blue colour, very 
good for municipal work, such as pavings, kerbs, 
channelling, ana pitching ; also for steps, land- 
ings, caps, copings, and girder-beds. 

Craigleith and Hallee Stone. This 
is considered to be the most durable sandstone, 
containing only 11 per cent, of carbonate of 
lime, and 98*3 per cent, of silica. It is a gilvery 
white or pale-grey colour, with crystalline 
fracture, and largely used for all purposes where 
strong, good weathering stone is required. It is 
very free from defects. 

Darley Dale. Darley Dale is a white 
sandstone with very little carbonate of lime, but 
containing 1*3 per cent, of oxide of iron and 


in three distinct beds, the first two aeries being 
of a grey colour, and the bottom bed of a bluish 
tint. The stone is well adapted for building or 
for heavy engineering work, such as docks and 
bridges. It was used in the "construction of 
Cardiff, Swansea, Gloucester, and other dooks. 

Cloaeburn Red Freestone. This 
variety, quarried in Dumfriesshire, has very good 
weathering qualities. Examined under a micro- 
scope, it is seen to consist of angular fragments 
of quartz, with a cementing matrix of a ferru- 
ginous silico-argillaceous character, by which 
they are firmly interlocked. It has a good red 
colour, which does not fade. 

Robin Hood. Robin Hood is a greenish- 
grey sandstone, quarried near Wakefield, in 
Yorkshire. It is very durable, and is largely 
used for landings, staircases, and sawn slabs. 

Park Spring. This is a light ferruginous 
brown sandstone from Famley, near Leeds, in 
Yorkshire, occurring in irregular beds. Much of 



alumina. It is compact and very hard, and is 
extensively used for general building purposes, 
as it weathers well. 

Abercarne. Abercame is a blue Welsh 
sandstone, very similar to blue Pennant, 

Bramley Fall. This is the most noted 
of the Yorkshire sandstones, of homogeneous 
structure. The original is all worked out, but 
good stone is still obtained from the same 
neighbourhood, although in thinner beds. It is 
much subject to iron stains. The lamination of 
York stone, as used for flags, is due to plates of 
mica running in one plane. 

Scotgate Ash. This is a light-brown 
York stone, chiefly used for steps, landings, 
copings, and sinks. One of the beds is called 
ragstone, which is recommended for heavy 
engine bases and foundations. 

Forest of Dean Stone. This stone, 
found in the coal measures of Gloucestershire, is 
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the stone known as Park Spring comes from 
other quarries. 

Beer. Beer is classed both as a sandstone 
and limestone, owing to its constituents. It is a 
light- brown Devonshire stone, soft when first 
quarried, but becoming harder by exposure. 

Limeatones. Limestones, when compact 
and crystalline, are almost free from defects. As 
a class, they are rather soft and absorbent, and 
liable to sand cracks. They vary very much in 
texture, from the pure crystalline structure of 
marble to the roe -like structure of Ketton and 
Bath stone, the shelly structure of Ancaster, 
Pur beck, and Portland, and the homogeneous 
structure of Kentish Rag. They are classified, 
according to their physical properties, as compact 
limestones, granular limestones, shelly lime- 
stones, and magnesian limestones. 

Keinton Stone. Keinton stone is a blue 
lias limestone used for floors, bmHing * , gteps. 




hearths, pavdihente, kerbs, and channeling, and 
is both cheap and lasting. It is also used in the 
manufacture of lias lime. 

Kentish Rag* This is a very homo- 
geneous stone of a blueish colour, extremely 
tough, so that it is not readily dressed with chisels . 
It is commonly used as a facing stone for 
churches in the style known as “ polygonal rag- 
work.” It is liable to patches of hassock, which 
is a soft, porous stone like compact sand. It is 
also liable to pockets of iron pyrites, which, if 
exposed to the atmosphere, oxidise and cause 
rust stains. Of the various beds, Pdsea yields 
large hard blocks 12 in. thick, but difficult to 
quarry. Whitdand Bridge produces blocks 12 ft. 
long of any width, and is very free in working. 
Horaebridge yields blocks of good stone 15 ft. 
long and 16 in. thick. The other beds yield only 
small stones fit for rubble, kerbing, and pitching. 

Marblea. Ashford is a black Derbyshire 
marble used for chimney-pieces. Berry Pomeroy 
is a red and white Devonshire marble. Carrara 
is an Italian marble of a pure white, close- 
grained and uniform, used for statuary, head- 
stones, and chimncy-pieces. llouge Royal is a 
French marble, red and brown veined, used for 
chimney-pieces and table tops. Tullamor e is a 
grey Irish marble used for chimney-pieces and 
internal decorations. Hopton Wood is a fine- 
grained, compact stone of a warm light-grey 
colour. It weathers well, and is largely used for 
steps, paving, etc. ; it will also take a good 
polish, and may be classed as a marble. Purbeck 
Marble , from the upper oolite beds, is of a grey 
colour, and is capable of taking a polish, although 
cavities frequently occur which have to be filled 
with wax. It was much used for the slender 
shafts in the interior of old churches, as in the 
Temple Church, London, and is still largely used 
for internal church work. The veining and 
colouring of the best figured marbles are shown 
in the frontispiece. 

Oolites. This name Is given to those 
limestones which show a distinct structure like 
the hard-roe of a fish. As a rule, they are bad 
weathering stones. Portland Stone is obtained 
from the upper parts of the oolitic series, and 
consists of four distinct varieties of building 
stone, known as True Roach , Whitbed , Curf t and 
Basebed , all of which are of a whitish-brown 
colour, weathering to a bluish tint, but of widely 
different structure. The section of a Portland- 
stone quarry is shown in 53. The upper 
portion being excavated, the top cap and roach 
are blasted, and the whitbed and basebed are 
quarried by wedges and levers. True roach may 
be distinguished from the other varieties by the 
peculiar fossil it contains, known as the “ Port- 
wind screw” [54]. This stone is tough, strong, 
weathers well, and is particularly good for 
resisting the action of water, for which reason it 
has been largely used for breakwaters, dock and 
sea walls, etc. Whitbed is, perhaps, the most 
valuable building stone in the Portland series. 
It weathers admirably, is easily dressed to a 
smooth surface, and will take a fine arris, and 
is therefore suitable for the best class of ashlar 
work. Curf, or bastard roach, resembles true 
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Mach very closely, but is inferior in almost every 
respect. It is largely used in the locality of the 
quarry, and is suitable for foundations and 
backing walls. Basebed is almost identical with 
whitbed in appearance, but is softer, and not 
such a good weathering stone; it is well adapted 
for the finest class of internal work and carving. 

Ancaater. Ancaster is a cream-coloured 
compact, and fine-grained oolite, but is found 
both white and brown. The white is a hard, 
close-grained stone, with small hard shells 
apparent. It works very much like Bath stone, 
and weathers well. A number of tho Lincolnshire 
churches are built of this stone, and it is used 
locally for building work generally, but in London 
its principal use is for door and window dressings. 

Bath Stone. Bath stone is tho name 
applied to the stone found in tho Great, or Bath 
oolitic formation. It is obtained from many 
different quarries, of which Box Ground, 
Corsham, and Coombe Down are among the best. 
Box Ground is the best weathering stone, and is 
largely used for dressings, carved, and moulded 
work. Corsham, when fine-grained, is used for 
sculpture and mouldings, but that known as 
“ corngrit ” Corsham is very hard, and especially 
suitable for engine-beds, landings, etc. 

Caen. Caen is a fine oolite found in 
Normandy, and largely imported into England. 
It weathers badly, and is unsuitable for external 
work, but it is well adapted for internal carving, 
and is much used for internal decorative work. 

ChilmarK. This, also known as W ardour 
stone, and in London as Tisbury , is a light 
greenish-grey to yellowish-brown oolite. It is 
largely used for building work generally, but is 
specially suitable for steps, pavings, and road 
metal, also for heavy engineering work, and any 
position exposed to wet and hard wear ; the 
Pinney beds for door and window dressings, 
moulded string courses, cornices, etc. ; Trough bed 
for steps, and Wardour Garden bed for internal 
moulded arches where great strength is required. 

Doultlng Stone. This is a shelly, granular 
oolite, the colour of vhich varies from cream to 
a light brown. It is very uniform in texture, 
durable, free working, and is largely used for 
general building purposes. 

Edithweaton Freestone. This stone is 
similar to Ketton stone, and from an adjacent 
quarry. It is of a fine, even texture and good 
colour, easily worked with a fine arris, hardens 
on exposure to the weather, and withstands 
London smoke. 

Ham Hill. Ham Hill is a light yellowish- 
brown stone, bright when first quarried, but the 
colour soon tones down. The beds vary con- 
siderably in quality, but the best is very durable 
and strong, weathers well, and is used for 
facings and dressings. 

Ketton. Ketton is a very durable oolitic 
stone, of a creamy -pink colour, called roestone by 
masons. It is suitable for dressings, plinths, stairs, 
etc., and was used in tho recent parts of Peter- 
borough and Ely Cathedrals, and at St. Pancros 
Station. The ragstone beds are white, cemented 
with highly crystallised carbonate of lime. 

533 



MATSMAL* |ND miUOTUfKM 


Ptintwick. Painswick is a cream-coloured 
limestone from the upper oolite, of very uniform 
grain. It is suitable for internal staircases, and 
was used in the construction of the Houses of 
Parliament. 

Seacombe. Seacombe is a light-grey to 
light-brown oolite from the Purbeck beds. The 
whitbed from this quarry is a very good stone, 
of even colour, strong, and very durable under 
wear, so that it is an admirable stone for stairs. 
It is also used for kerbing and for dock walls. 

Dolomites. Dolomites are those mag- 
nesian limestones which have an atom of 
earbonate of lime for each atom of carbonate of 
magnesia, giving a result equivalent to an alloy 
in metals. liolsover Moor is a light yellowish - 
brown magnesian limestone. This stone was at 
first selected for the Houses of Parliament, but 
the quantity required was more than the quarry 
was capable of supplying. It is a durable 
building stone, and is also largely used for 
paying. Roche Abbey is a whitish-cream stone 
which weathers dark, and in lines according to 
the IhmIh. It is, however, used for general 
building purposes. Mansfield (yellow) is generally 
classed as a limestone, as half its bulk consists 
of carbonate* of lime, but some Mansfield 
contains a much larger quantity, and is on that 
account not such a good weathering stone. 
Mansfield, (red) is classed as a siliceous dolomite; 
it is a ruddy brown, and loses some of its colour 
on exposure, and is a fairly good weathering 
stone. Mansfield (white) is a similar stone, of a 
greyish* white colour, used for stepH and land- 
ings. licit h those varieties, rod and white, are 
sometimes classed as sandstones. 

Artificial Stone. Artificial stone is a 
manufactured article intended to lx* used as a 
substitute for natural stone. There are many 
different kinds, passing under distinctive names, 
but they may be classed under three groups : 
Ordinary, or simple cement concretes ; hardened 
cement concretes ; and chemical stones. Simple 
concretes are mostly composed of granite 
aggregate, with Portland cement os the matrix, 
and they have the advantage of either being laid 
in situ or cast in moulds to the true form 
required. Some of the best known simple 
concretes made are : Stuart's Granolithic, 
Ward s Synthetic Stone, Globe Granite, and 
Basalt ine Stone, the aggregate of the last- 
mentioned differing from the others in that it 
consists of basalt clippings, while trass is mixed 
with the cement. Of those concretes which are 
subjected to the hardening processes, Victoria 
Stone, Imperial Stone, Indurated Stone, and 
Empire Stone, are perhaps the best known. 

Victoria Stone. Vic •toria stone consists 
of an aggregate of crushed 1 Leicestershire granite 
After the aggregate has been well washed, three* 
parts tire thoroughly mixed with one of Portland 
cement in a dry state, and the water then care- 
fully added, to prevent washing out the fine 
cement. As soon as mixed, and before any sett ing 
takos place, the mixture is put into the moulds, 


* care being taken to fill up all the corners in order 
to obtain fine arrises. When filled, the moulds 
are allowed to remain until the concrete has 
sufficiently set, the fastenings are then released, 
and the moulds, which arc made in pieces, can 
then be readily detached. The slabs are next 
placed side by side in a tank containing sufficient 
silicate of soda solution to cover them, and they 
are left there for about 14 days. They are then 
stacked in the storeyard to season, and are 
used in the order of their age. Victoria stone is 
mostly used for paving slabs, but is also cast for 
steps, balustrades, etc. 

Imperial Stone. Imperial stone is very 
similar to Victoria stone, the chief differences 
being that the slabs are subjected to steam 
during setting, which enables the moulds to be 
removed in one day; they are placed in the 
silicate tanks for only three days, and are stacked 
for six months before use. Imperial stone pipes 
are made in a similar manner t-o the slabs, the 
only difference being that crushed flint is used 
for the aggregate in the place of granite. 

Ford’s Silicate of Limestone. This 
Is the best known of the chemical stones. It is 
made of tine sand (silica) and chalk lime in the 
proportions of about 04 per cent, silica to about 
fl per cent, lime, mixed and rammed dry into a 
perforated steel box mould. The air is then 
extracted from the box, and boiling water forced 
in under pressure, which slakes the lime and then 
osea|)es through the holes. Afterwards, to 
ensure the thorough slaking of the lime and its 
combination with the silica, superheated steam 
is forced in under a pressure of 120 lb. per square 
inch. The resulting stone resembles a sandstone, 
and the entire operation of manufacture only 
takes about eight hours. Chaneys Artificial 
Stone is made by melting Rowley Rag basalt 
and casting it in moulds to the shape required. 
Rust's Vitrified Marble consists of a mixture of 
glass and sand fused together and run into 
moulds. 

Preservation of Stone. Fhmte is a 
solution of fluate of magnesia, obtained by dis- 
solving crystals in soft water applied to Bath 
and other soft limestones, converting them into 
a substance identical with fluor spar, which is 
insoluble, and therefore practically imperishable. 
For non -calcareous stones, a solution of lime is 
first used upon which the fluate can act. 

Sxerelmey’s Stone Liquid. This is a 
soluble glass, which is painted on the surface, 
and is slowly absorbed, penetrating the surface 
and forming a waterproof layer impervious to 
moisture. It is transparent, but can bo coloured 
to any shade desired. 

Painting the stone is sometimes done, but is 
not desirable, as it changes the colour and hides 
the natural grain, giving an artificial appearance. 
It also imprisons the moisture in the stone, and 
increases the risk of fracture by frost. Paints 
do not adhere well to stone, and, becoming 
oxidised by the action of the air, have to be 
periodically renewed 


To be continued 
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A SYNOPSIS OP THE GEOLOGY OP THE CHIEF KINDS OP STONE 


To understand the formation and relative geological position of the various stones. It is necessary to present a svnopsls 
of the whole. Different writers adopt various classifications. Theprincipal divisions are shown in this table. 


Post Tertiary { In ttn f r ° e S 


Alluvial deposits. Peat mosses. 
Coral reefs, liaised beaches. 

Fossiliferous clays and sands. 
Boulder or drift fonnation. 

Mammaliferous clays. 

Red eras. Coralline crag. 

Fluvio-marinc beds I. of W. 
Bngshot sands. London clay. 
Boguor beds. Plastic clay.* 


\ Plants and animals of 
/ existing species. 


Plants and animals ex- 
tinct but not widely 
different. Birds. 
Mammalia of existing 
orders. Foramini- 
fera. Megatherium. 


Upper soft white. Lower hard, 
dark, few flints. Chalk marl. 
Totten hoe stone. 

Upper soft or hard. (limit. 
Lower various. Kentish Bag. 

Weald clay. Bastings sands. 
Purbeek beds. Limestones. 

Upper — Portland stone. Kim- 
meridge clay. Midtile -Coral 
rag. Oxford clay. Lower — 
Cornbrash. Puller’s eaillt. 

Upper— Bituminous and alum 
shale. Lower — Dark lime- 
stones. Ironstones. Jet. 
Lignite. 


Plants and animals, 
chiefly marine ; now 
extinct. Ammonites. 
Belt mmtes. Teeth. 
Sponges. Corals. 
Coprolites. Iguano- 
don. 


Plants and animals of 
families now extinct. 
Bugcreptilia. Palms. 
Com l one. Trigonin. 
Ammonites. Bclcm- 
n i t e s. N a util u s. 
lcthyosaurus. Plesio- 
saurus. 


New Red Tr: a 
Sandstone 


Upper— Variegated marls. Gyp- 
sum. Bock-salt. Variegated 
sandstones. Corsehill. Grims- 
hill, and Runcorn stones. 


Plants anti animals not 
abundant. Families 
extinct. Palms. 
Pines. Small bony fish. 


Carboniferous * 


Middle— Laminated limestone. 
Gypseous marl. Magnesian 
limestone. Marl slates. 
Lower — Rod sandstone, on 
coal. 


Fireclay. Ironstone. 


| Coal measures 
I Millstone grit 


Mountain limestone Carboniferous limestone. 


Lower coal 
measures 


Yellow sandstones 


Old Red Sand-J Red conglomerates 
Btone " 

Grey fissile sand- 
stones 


c Upper Silurian 


x Lower Siluiian 


Carboniferous slates. 


Fine-grained stone. Scotch 
pebbles. 


Coarse red conglomerate. Red 
sandstone. 


Grey micaceous and flaggy 
sandstones. 


Ludlow tilestones. Wenlock 
limestones. 

Llandeilo rock. Shelly lime- 
stone. Freestones. 


Plants and animals 
abundant. Excess of 
tropical vegetation. 
Tree ferns. Eijuise- 
tuins. Maiinc shells 
and zoophytes. En- 
crinites. Terebratula. 


Plants few and imper- 
fect. Fishes abundant. 
Other animuls rare. 
Ganoid, plucoid and 
ctenoid fish. Small 
reptiles. 


Trilobites. Graptolit.es. 
Serpulites. Encri- 
n It os. Terebratula. 
Orthoceris. 


Metamorphic 


f Clay Slate 

) Gneiss and Mica 
l Schist 


Roofing slates and slabs. 
All hard crystalline rocks. 


Granites and 
Basalts 


Granite. Syenite. Whinstone. No Fossils. 
Greenstone. 
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literature POETRY OF THE ELIZABETHAN AGE 

4 I. The Lyric Poets. Being: a Short Study of Sidney and Spenser, 

Cmititmmi fn.m and a Review of the Lesser Writers to the End of the Sixteenth Century 

jHAgr WiH 


By J. A. HAMMERTON 


VF/HEN wo turn our attention to tho poetry 
™ of tho Elizal>ethan ago, it is as though we 
wore looking with unskilled eyes upon a starry 
heaven, so bewildering and so brilliant are tho 
names that glitter in tho literary firmament of 
that wonderful age — Shakespeare, the “ bright 
particular star.” With the awakening of the 
English nation to a new and grander per- 
ception of national patriotism, tho dusky 
clouds of medievalism had been suddenly dis- 
persed by the bright sun of a new day. 

It is indeed hard to resist the temptation 
which besets every writer on tho Elizabethans 
to let rhetoric displace 
criticism, to decorate one's 
chronicle with “ purple 
patches.” But here the 
necessity to condense is so A'. 

imperative that- we must A 

content ourselves by deal- // ^ " gm/Uk 

ing very briefly with most // $ flHp 
of the poets who now call I 
for attention : and, as in I « 
almost every case it will 

be necessary for the rcad<»r / m * ^ 

to make direct acquaint- * 

anee with their work, ^ 

there is the less need for ) 

biographical or critical 1 

detail. This may be U 

thought an unprecedented n 

method to adopt, but wo 

arc prepared to defend it W" * j 

on the ground that in a * , 

practical guide to English V * 

Literature it is more 

necessary to deal at some \ 

length with those writers 

who, while sufficiently im- 

port-ant from the historical 

point of view, are not SIR rniLI 

urged upon the reader for 

his personal study, than with those whoso 
works must be road. 

The New Era. Of course, there was 
nothing miraculous in the outburst of poetry 
which heralded and accompanied tho Elizabethan 
ago ; the dawn of the now ora did not come so 
suddenly as the hyperbole of the impassioned 
historian would suggest. If from the time of 
Chaucer the genius and imagination of the 
country had languished, scholarship, at least, had 
ripened ; and, as we have heard, tho mediaeval age 
did not pass away without leaving a legacy to tho 
age that followed, since the English language 
had assumed, in the poetry of Wyatt and Surrey, 
a greater perfection of form than it had hitherto 
possessed, and it was now to be used by writers 
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imbued with loftier idealism than that of the 
age of chivalry and old romance. But for some 
little time yet we would naturally expect 
to find the older notions of life still actuating 
writers who, chronologically, are to be reckoned 
Elizabethans. This is true in some measure of 
Spenser and his friend and patron, Sidney, 
both of whom were bom some four years l>efore 
the accession of Elizabeth. 

Sir Philip Sidney. Although the figure 
of Sir Philip Sidney (b. 1554 ; d. 1586) is 
one of the most familiar in literary history, 
it is not unreasonable to suggest that this is 
due as much to his re- 
555 ^ markable qualities ns a 

man as to his literary gifts. 

^ Indeed, we do not purpose 

dwelling at any length on 
Sidney’s poetry, for he 
* will merit more eonsidera- 

U tion when we come to the 

study of English prose. 

P t Wyatt and Surrey could 

Wft x\\ write sonnets as good as 

\l his, but he was the first- 
Kfflp I to write the prose of art. 

y I We notice, for instance, 

« I that the late Francis Turner 

* , -,,1 Palgrave, an unerring judge, 

* * **«jS*? I could find only one little 
£ II * ()Ve ditt y Sidney’s to 
'/fit far? I include in his “ Golden 

7 ^* wUt* H Treasury of English Songs 

wpy and Lyrics.” None the 

* * * > // less, Sidney was a poet of 

A no mean parts, somewhat 

' A? affected, it is true, but 

destined to live in several 
of his sonnets, such as that 
beginning, “ With how sad 
SIDNEY steps, O Moon, thou 

elimb’st tho skies,” and 
another, “ Come sleep, O sleep, the certain 
knot of peace.” But so much good poetry has 
been written since the days when Sidney was 
deemed by his admiring contemporaries one 
of the foremost literary men in England that 
readers of to-day need not fear the charge of 
philistinism if they are content merely to make 
liis acquaintance in a volume of selections. 

About the Sonnet. We print on the 
next page one of the sonnets above-mentioned 
to illustrate at once a good example of 
Elizabethan verse and the reason why it frfls 
short of perfection. It is part of our plan, as 
we proceed with our studies, thus to give 
specimens of each new form of verse when it 
comes up for consideration. 
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‘ With how sad steps, 0 Moon, thou climb’st 
the skies, 

How silently, and with how wan a face ! 

What! may it be, that even in heavenly 
place, 

That busy Archer his sharp arrows trios ? 

Sure if that long-with-love-acquainted eyes 
Can judge of love, thou feel’st a lover’s case ; 

I read it in thy looks ; thy languish’t grace, 

To me that feel the like, thy state descries. 

Then, even of fellowship, 0 Moon, tell me. 

Is constant love deem’d there but want of 
wit ? 

Are beauties there as proud as here they 
bo ? 

Do they above love to be lov’d, and yet 
Those lovers scorn whom that lovo doth 
possess ? 

Do they call virtue there ungratefulness ? ” 

A careful reading of these 
verses will show that the 
poet has not risen superior 
to the exigencies of rhyme, 
for in the last line sense is 
subordinated to sound, the 
question being not whether 
virtue is there called un- 
gratefulness, but whether 
ungratefulness is there 
called virtue. If we trans- 
pose the two words the 
line is intolerable, having 
neither rhythm nor rhyme. 

As it stands it has both, 
but the sense is obscured. 

The strict form of the son- 
net as it was brought to 
perfection by the Italians 
— Petrarch, Tasso, and 
Dante— gave two rhymeR 
only in the first eight lines 
or “ octave ” arranged as 
above, and two only in 
the concluding six linos, 
or “ sestette,” where Sid- 
ney has used three, a 
change of thought being ex- 
pressed in the second division of the little poem. 
Neither Wyatt nor Surrey observed these 
rules strictly, and innumerable arrangements 
of the rhymes have been adopted, but a sonnet 
must never have more or less than 14 lines, and 
in this narrow space many a masterpiece of 
poetry has been composed. 

Edmund Spenser. Sidney’s friend, 
Edmund Spenser (b. 1552 ; d. 1598), was a poeti- 
cal star of much greater magnitude. Indeed, 
Spenser is esteemed by many the finest of 
F.ng liah poets before Shakespeare, though his 
great contemporary, the unhappy Christopher 
Marlowe, was to exercise far more influence 
over the greatest of all poets. Remembering 
the point of view we are endeavouring to main- 
tain, it is difficult to decide how we are to regard 
the poetry of Spenser. As far as possible we 
are striving to repress mere personal inclination 


in dealing with each writer; but we are con- 
strained to confess ourselves among those who 
have found it a tedious task to read “The 
Faery Queen,” the most celebrated of Spenser’s 
poems, and consequently hesitate to urge it upon 
others. When Pope was only 12 years old 
he read it “ with infinite delight,” and Southey 
confesses to having read it thirty times over ; 
but it is doubtful if the enthusiasm of these 
eminent admirers of the poet is alone sufficient 
to induce the ordinary reader to bear Spenser 
company through the six books of “ The Faery 
Queen.” In tho plan of the work we still find 
that characteristic of mediaeval literature, a set 
scheme of stories told for some given purpose, 
as in the “ Decameron ” and “ Tho Canterbury 
Tales.” The Fairy Queen is supposed to be 
holding her annual feast, of 12 days’ dura- 
tion, and on those 12 days 12 different com- 
plaints are submitted to her. To redress the 
wrongs thus brought to 
her knowledge she com- 
missions 12 knights, each 
of whom is noted for a 
certain virtue, and his 
doings are celebrated 
throughout a whole book. 
But, in addition to such 
heroes as the Knight of 
the Red Cross (Holiness), 
Sir Cuyon (Temperance), 
and tho lady-kniglit Brifco- 
martis (Chastity), there is 
the superlative figure of 
Prince Arthur, in whom 
all knightly virtues are 
combined, and who, ap- 
pearing in every book, is 
designed as the general 
hero in quest of G lor i ana, 
or Glory. 

The Spenser Stanza. 

It has been considered 
by good critics that the 
verse of “The Faery Queen” 
was an ill choice on the 
part of Spenser, who, tak- 
ing the stanza of eight 
decasyllabic lines, added a 
ninth, two syllables longer than the others, thus 
unduly drawing out the metrical movement and 
handicapping himself in tho choice of rhymes, 
in which the English language is by no means 
rich. But many of our finest poets have used 
the same stanza with perfect effect, as in 
Burns’s “ The Cotter’s Saturday Night.’’ We 
give an example of the “ Spenser stanza ” : 

“ A gentle knight was pricking on the plain, 
Yclad in mighty arms and Bilver shield. 
Wherein old dints of deep wounds did remain, 
The cruel marks of many a bloody field ; 
Yet arms till that time did he never wield : 
His angry steed did chide his foaming bit. 

As much disdaining to the curb to yield : 
Full jolly knight he seem’d, and fair did sit. 
As one for knightly jousts and fierce en- 
counters fit.” 
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The last line is called an Alexandrine, as it is 
of that measure of verse first used in early French 
romantio poems on Alexander the Great. Pope 
criticised it in his well-known couplet : 

“ A needless Alexandrine ends the song, 

That like | a wound | ed snake | drags its | 
slow length | along.'* 

Spenser’s Place among the Poets. 

But there can be no manner of doubt as to 
the eminent place of Spenser among the English 
poets (if we except such untempered praise as 
Dryden gave him), for he is an obvious master 
of epic poetry, his invention inexhaustible, the 
rhythm of his verse the very perfection of poetic 
form, his imagination so rich and sensuous that 
Campbell aptly called him “ the Rubens of 
English poetry.” Despite all this, and the fact 
that he is Milton’s acknowledged master, it is 
true that he is not, on the whole, a poet for the 
general reader ; and, let the critics say what they 
may about the critical shortcomings of Macaulay 
and Hume, there is more honesty in the state- 
ment of the latter than in the affected enthusiasm 
of many Spenscrites when he writes : “ The 

tediousness of continued allegory, and that, too, 
seldom striking or ingenious, has also contributed 
to render 4 The Faery Queen ' peculiarly tire- 
some ; not to mention the too great frequency 
of its descriptions and the languor of its stanza. 
Upon the whole, Spenser maintains his place 
upon the shelves among our English classics ; 
but he is seldom seen on the table.” Macaulay, 
too, is very human when he complains that 
“ wo become sick of the cardinal virtues and 
deadly sins, and long for the society of plain 
men and women.” Spenser has been called 
“ the poet's poet,” which means that to get the 
best from him the reader himself must be of so 
poetic a temperament that “ the linked sweetness 
long drawn out” of his poetry does not cloy, 
but rather whets and stimulates the mental 
appetite. Still, Sponsor is a poet with whom 
the ordinary reader should at least make 
acquaintance, as some knowledge of his writings 
is essential to the proper appreciat ion of Eliza- 
bethan literature. His first great work, “ The 
Shepherd’s Calendar,” a tuneful but joyless and 
affected pastoral poem, with little of the warm 
humanity we find in Chaucer, is to be regarded 
as the opening pajan of that mighty chorus 
which we call the Elizabethan poetry. 

His Life. Spenser was born in London of a 
poor, but honourable family, some five or six 
years before the accession of Elizabeth in 1558. 
Educated at the Merchant Taylors’ School and 
Cambridge University, he early won the friend- 
ship of Sidney, to whom he dedicated the 
“ Calendar,” and it was through the influence of 
his friend that he received, in 1580, an official 
appointment in Ireland, where the remainder of 
his short life was passed, for the most part, in a 
state of prosperity. In 1590 the first three 
books of ” The Faery Queen ” were published, 
and brought him great fame. Six years elapsed 
l>efore the other three and a fragment of the 
seventh were printed, and three years later, 
a fugitive from the rebel Irish who had sacked 
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and burned Kilcolman Castle in County Cork, 
which for more than 10 years he had occupied 
under Royal favour, we hear of his death at 
a tavern in King’s Street, Westminster — “ for 
lacke of bread,” said Ben Jonson, despite all 
his fame. 

Raleigh and Others. Sib Walter 
Raleigh (b. 1552 ; d. 1618) is only incidentally 
a poet. He belonged to an age when every 
man of note seems to have had some literary 
talent, and his verse is graceful, free from the 
more pronounced affectations of the period, 
but of no extraordinary quality. More note- 
worthy are his prose writings. 

Sir* John Harrington (b. 1561 ; d. 1612), 
the translator of Ariosto, the Italian poet, 
neod only be mentioned ; none but specialists 
in the period will caro to acquaint themselves 
with his work. And the same may be said of 
Edward Fairfax (b. about 1580 ; d. 1635), 
though all scholars who can speak with authority 
are agreed that his translation of Torquato 
Tasso’s ” Recovery of Jerusalem ” is admirable, 
and much superior to Harrington’s rendering 
of “ Orlando Furioso.” 

Michael Drayton. A Warwickshire man 
and a friend of Shakespeare, who entertained 
him and Ben Jonson at Stratford a few 
weeks before his death, Michael Drayton 
(b. 1563; d. 1631) was a lyric and descriptive 
poet of very unusual qualities. He was not a 
great poet, though certain of his contemporaries 
entertained the most extravagant estimate of 
his merits. His chief work was conceived and 
carried out on a plan which made it hopeless of 
continued popularity. It was called “ The 
Polyol bion,” and may bo described as a topo- 
graphical account of England, displaying won- 
derful learning, but utterly mistaken in its 
medium, which should have been prose. It 
cou tains many quick and glowing descriptions 
of natui al objects, but some of its passages read 
like catalogues of birds and beasts, thus : 

“ To Philomel the next, the linnet we prefer ; 
And by that warbling bird, the woodlark place 
we then. 

The red-sparrow, the nope, the redbreast, and 
the wren. 

The yellow-pate, which though she hurt the 
blooming tree. 

Yet scarce hath any bird a finer pipe than she. 
And of these chaunting fowls, the goldfinch not 
behind, 

That hath so many sorts descending from her 
kind.” 

Our quotation is given not only to show 
Drayton’s manner, but to illustrate at greater 
length a metre which we have already noted in 
connection with Spenser’s stanza. That is the 
iambic hexameter, or Alexandrine, first used in 
English by Robert of Gloucester in the latter 
part of the thirteenth century, and adopted by 
Drayton in the “ Polyol bion ” for the first time in 
modem English. Drayton is seen to better 
advantage in the “ Barons’ Wars,” a long 
poem, which, though uninteresting on the whole, 
abounds in passages of great spirit. In short. 
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he is a poet worthy of some attention, even 
from those who are not making a special study 
of the period. 

Sonneteers and Allegorista. William 
Drummond (b. 1585 ; d. 1649), of Haw- 
thomden, near Edinburgh, the friend of Drayton 
and of Ben Jonson, the latter of whom visited 
him in 1618-19 — which occasion Drummond 
turned to literary profit by making his “ Notes ” 
of Jonson’ s conversation ; a very interesting 
chapter of literary history — was one of the 
most accomplished minor poets of his age, 
examples of his sonnets being found in most 
anthologies. Samuel Daniel (b. 1562 ; d. 1619), 
whom Jonson described as “ a good, honest man, 
but no poet,** wrote many beautiful sonnets 
greatly admired by Drummond. John Donne 
(b. 157.3 ; d. 1631) was the greatest preacher 
of his day, and a poet of the “ metaphysical ” 
school, of which, indeed, he was the chief. His 
“ Life ” is one of Jzaak Walton’s masterpieces. 
Donne’s pooms do not possess any great in- 
terest for the general reader. His chief 
characteristic is extravagant imagery, which 
even in purely amatory verse is offensive, but 
when invoking the Most High comes little 
short of blasphemy. Thus, in his “ Hymn to 
Christ,” written “at the author’s last going into 
(Germany,” and opening with several grotesquely 
inappropriate conceits, he goes on in this strain : 

“ T sacrifice this island unto Thee, 

And all, whom 1 love here, and who love me ; 

When I have put this flood ’twixt them and 
me. 

Put thou Thy blood betwixt my sins and Thoe. 

As the tree’s sap doth seek the root below 

In winter, in my winter now 1 go 

Where none but Thee, ill’ eternal Root 
Of true love, I may know.” 

This is surely an example of the vilest taste. 

George Wither (b. 1588 ; d. 1667) was the 
most prolific writer of the time, and his work 
is very unequal, so that the curious w ay in which 
it has suffered neglect and revival is not surpris- 
ing. Dryden was by no means unfair when ho 
wrote of him : 

“ He fagotted his notions as they fell. 

And if they rhym’d and rattled, all was well.” 

But he will always be remembered, if only for 
that exquisite lyric beginning : 

“ Shall I, wasting in despair, 

Die because a woman’s fair ? ” 

Thomas Campion (b. 1540 ; d. 1623), poet, 
critic, and musician ; Robert Herrick (b. 1591 ; 
d. 1674) — it is curious to note, by the way, 
that the lyric poets were all longer lived than 
the dramatists of the same period — one of the 
sweetest singers in our language, whose “ Hes- 
perides ” is a collection of unrivalled lyrics ; 
Francis Quarles (b. 1592 ; d. 1644), immensely 
popular in his own day and after as a writer 
of religious poems, whose “ Emblems, Divine 
and Moral,” are still worthy of attention ; and 
George Herbert (b. 1593 ; d. 1633), like 
Quarles, one of the least objectionable of Dr. 


Donne’s school of metaphysical or allegorical 
writers, and a better than his master, were the 
only other lyric poets born before the close of 
the sixteenth century with whose works the 
ordinary reader need concern himself. We 
have spare to note the names only of Thomas 
Watson, Phineas and Giles Fletcher, William 
Browne, Sir John Davies, and Thomas Carew, 

“ that delectable versifier,” among the many 
other minor poets bom in the sixteenth century. 

We have not followed the usual plan of dividing 
the Elizabethan age into two periods, but have 
deemed it more convenient for the progress of 
our study to thus review' at once the poets who 
are epic, as Spenser ; narrative, as Drayton ; 
or lyric, as Sidney ; reserving the dramatic 
writers for separate consideration. Naturally, 
some of the dramatists wrote lyrical verse also — 
Ben Jonson’s “ Drink t o me only w ith thine eyes,” 
for example, being one of the most exquisite 
songs in our language — but we must regard 
them as essentially dramatic poets. Perhaps 
our arrangement is somewhat arbitrary, since 
there was no great distinction between the lyric 
poets of the second half of the sixteenth and the 
first half of the seventeenth centuries, and there 
was necessarily much overlapping of writers ; 
hut it serves at least to give us some idea 
of the poets of the lesser order immediately 
preceding, contemporary with, and following 
Shakespeare and the Elizabethan dramatists 

BooKs to Read. ’Hie ordinary render may 
be content to study all the poets we have men- 
tioned in volumes of “ specimens.” There is 
no reason why he should Hot himself the task 
“for such it would be in a very real se nse — of 
studying all their works, or, indeed, all the 
works of any one of them, as a very fair con- 
ception of their respective' merits and their 
united influence on the literature of our country 
can be obtained by reading somo of their longer 
poems and a selection of their minor pieces. 
We give below a list of books, several of which 
may l>o used for this purpose ; there is 
abundance of such works published at low 
prices. 

Editions of the Poets 

4 ‘ The Spenser Anthology,” edited by Professor 
Edward Arber, and published by Mr. Henry 
Frowde at 2s. 6d., gives an admirable 
selection from the chief poets between 1548 
and 1591. 

“ The Canterbury Poets ” Rories (Scott, Is. 
each) contains volumes of selections from 
Spenser, Herrick, and Herbert. 

Spenser’s Works in Globe Series (Macmillan, 
3s. 6d.). 

Drayton’s “ The Barons’ Wars ” was last pub- 
lished in Morley’s Universal Library, 
at Is. 

The Lyric Poets Series (Dent, 2s. 6d. net each) 
contains volumes of selections from Sidney, 
Spenser, Herrick, and Campion. 

“ The Golden Treasury of English Songs and 
Lyrics ” (Harmsworth Library, Is. net) 
is indispensable to the student of poetry. 

To be continued 
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BRACED STRUCTURES 

The Warren Girder. Means of Ascertaining Stability of 
Walls and Dams. Crane Jibs and Roof Trusses in Practice 


By JOSEPH G. HORNER 


Calculations for a Warren Girder. 

Our next example [38 — 40] is a Warren 
girder, with 56 ft. span, subjected to loads 
imposed at intervals of 8 ft. on the upper 
boom. The angle of the diagonals is 45 c , the 
depth of the girder is 4 ft. 0 in. 

Lay out the frame diagram as in 38, making 
its depth 4 ft., this tieing the approximate depth 
of the frame measured between the boom c entres ; 
mark off the vertical loads, and the reactions 
at the supports, as shown, then letter in accord- 
ance with .Bow’s notation, as already explained — 
•’.f., place a letter in each space between the 
external loads, and also one in each internal 
space. Note that the end vertical members 
lining in simple compression do not enter into 
the diagram ; also that there is no load on the 
end horizontal members, the final load being 
carried t-o the ends by the members LK and XK. 

Load Diagram. Construct the load dia- 


gram to as large a scale as possible [39], marking 
off the vertical loads AB, BC, CD, DE, EF, FG, 
GH, and H.l, proportionate to the tons 4, 8, 8, 8, 
8, 8, 8, 4, and closing it with the reactions AK 
and JK. Then set off the horizontal member 
BL until it intersects KL. Lay down the 
diagonal LM till it cuts KM, and so on with each 
diagonal and horizontal in turn. Noto that 
memliers QR and RS have no load, and are 
consequently termed redundant members — that 
is, they are not theoretically necessary to the 
girder-frame, but are put in for convenience of 
manufacture, to give mechanical support to 
the lower boom, and for the sake of appearance. 

The loads may now be scaled off, and the 
various sections determined. The maximum 
boom load occurs in ER, QK, and SK, and scales 


DO tons. The area required in the bottom, or 
tension boom at, say, 6 tons of stress per square 

inch — - — 16 square inches, whilst the area 

9 


required in the top, or compression boom at, say, 
96 

5 tons per square inch — = 19*2 square 


inches. These sections may be proportioned thus : 

Net area. Gross area. 
2 angles 5 in. x 5 x $ in. - 8*7 sq. in. 9*5 sq. in. 
2 plates 14 in. x f in. - 9*3 „ 10*5 „ 


Total.. .. 180 „ 20 0 „ 

Net Area. The net area allows for rivet 
holes cut through the section, one i in. hole in the 
angle bar, and two } in. holes in the plate. 
A single J in. plate might be used in place of the 
two ji in. ones, but it would require a very long 
cover-plate where jointed. Dividing the thick- 
ness between two plates also gives the option of 
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leaving one plate off where the boom load falls 
to a sufficiently low value. 

Covering Plates. In a girder of this 
length it is not convenient to obtain the boom 
sections in one length. Joints must therefore 
be designed and arranged, and the joint covers 
mu4 have an equal area with the members 
which they cover. The flange-plate cover 
can be the same section as the flange plate — viz., 
14 x l in., but the angle cover, having to lie 
in the hollow of the main angle, must be narrower 
in width by the thickness of the main angle. In 
this case a 4.V in. x 4£ in. x £ in. angle will meet 
the conditions, and will give a net area of 
9*5 sq. in., which is slightly in excess of what 
is required. 

The length of a cover depends upon the number 
and pitch of rivets used. In the flange plate, 
13 rivets, } in. diameter, will be necessary 
at 5 tons per square inch in shear ; and, at 4 in. 
pitch, this works out to be a plate 4 ft. 7 in. long ; 
in the angles 11 rivets, J in. diameter, will be 
found necessary, involving a length of 3 ft. 11 in. 
for the covering bar. 

If desired, the outer flange plates could be left 
off when reaching bays ON, GV, MK, and WK, 
when the boom load drops to a quantity which 
a single flange plate and the angles can carry. 
It is, however, not usual to do this in small 
girders, as the level of the boom is thereby 
broken, and where superimposed girders occur, 
packings must be used to restore the level. 

The maximum tie load occurs in LK and XK, 
and scales 34 tons. The area required at 6 tons per 

square inch is ^ - 5*7 sq. in. ; two 6 in. x £ in. 

flat bars, with allowance made for a J in. rivet 
hole in each, gives 6*5 sq. in. area. The 
attachment at each end is by rivets in double 
shear, a £ in. plate being sandwiched between 
the two tie bars and between the two main 
angles. The number of rivets required at 5 tons 
per squaie inch is eight. 

The maximum strut load occurs in LM and 
WX, and scales 34 tons. The free length of the 
strut may be taken at 4 ft., and the minimum 
width, say, 4 in. ; the ratio of depth to length is 

then -j- = 12 to 1. Using Gordon’s formula for 

columns, having both ends fixed, this ratio 
gives a safe load of 4 tons per square inch, with 
a factor of safety of 5, then the area required 

= 4 “^*5 sq. in., which will be met by the 

gross area of two 5 in. x 4 in. x J in. tee bars, the 
riveted connection being the same as lor the tie 
bar, the load being identical. 
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STRESSES IN A WARREN GIRDER AND A DAM 
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Bearing Area. In designing riveted 
joints it is necessary to see that the rivets have 
sufficient bearing area as well as shearing area. 
For ordinary girder work an allowance of 10 tons 
per square inch is usual. This consideration 


frequently decides the thickness of the gusset 
plate. In the case in hand there are eight 
} in. rivets in a J in. plate, giving a total bearing 
area of 8 x J x | in. x 3j sq. in., a bearing stress 

of = 9 tons }>er square inch. 


The remainder of the struts and ties are now 


designed to suit the loads that they have to 
sustain, and the drawing [ 40 ] is completed in 
accordance therewith. 


We shall return to these examples immediately 
after having shown the application of force 
diagrams to a dam. 

Dams. The parallelogram of forces is used 
to ascertain the stability of retaining walls, 
dams, etc. 41 illustrates the application. A 
section of the wall is drawn to a convenient scale. 


and its centre of gravity marked thereon. Drop 
a vertical line from the centre of gravity until it 
intersects the “ horizontal line of pressure,” 
marked off at one-third of the height of the 
wall. From this point (marked A) lay off the 
amount of the pressure in a line from A to B, then 
drop another line vertically from A to C equal in 
amount to the weight of the wall. These 
pressures are usually taken in units jkt lineal 
foot of wall. The parallelogram is then com- 
pleted from (' to D, and from D to B, and the 
resulting thrust is found upon joining the 
diagonal A — D. This line must, to ensure 
stability, puss well inside* the base of the wall. 
If it pass outside the base the equilibrium is 
unstable. As a matter of fact, conditions in 


practice are so arranged that this line cuts the 
base within a point at not less than one-third 
of its length. 

Examples from Practice. In the illus- 
trations which have been given of crane 
framings, roofs, and framed girders, we have 
excellent examples of the remarks made in 
Article 2 on the applications of certain materials 
in certain ways. 

The meml>ers in cranes are too numerous and 


varied to l>e taken in full detail here, but we may 
offer remarks tin some of the more important of 
thorn. 


Referring to the crane framings in Article 3, 
we saw that while the jib is a compression 
memlier. the tie rods and the chain are subjected 
to simple tension. It is not quite correct to 
say that the jib is in compression absolutely. 
That is tme only so long as it is not subjected to 
such excessive strain as would tend to flexure, 
and calculations on the strength of jibs are 
invuriably made on this least favourable basis. 
That is, they art 1 treated as long columns, which 
in case of fracture would fail by bending and 
not by crushing ; and this is, in fact, what does 
happen, for when a jib fails, as it sometimes does, 
it becomes bent, and thus crippled. 

Examples. But in order to prevent risk 
of such an event happening under proper con- 
ditions of w orking, long jibs are seldom made of 
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parallel sections, but in other forms. They are 
bellied — that is, built of double parabolic form, 
the bases of two parabolas meeting at the middle 
of the jib. This design is used in light and heavy 
cranes alike. But while timber [ 42 ] is often used 
in the former, steel bracing [ 43 ] is adopted in the 
latter. The best examples of both of these jibs 
are found in the derrick cranes and wharf cranes. 
[It will be understood that though the jibs here 
shown are drawn as lying horizontally, for con- 
venience of illustration, they stand at an angle 
of 45°, less or more, on their cranes.] The 
belliod form will be recognised as that of a beam 
loaded in the centre, and deepened there accord- 
ingly. But there is this difference, that while 
a beam is deepened in one direction only — that 
of its depth — the jib is enlarged depthwise, 
sideways, and diagonally, because the bending 
stresses come upon it in all directions in lifting, 
and in slewing sideways. 

Alternatively, jibs are made of tapered out- 
lines, the base or foot being considerably wider 
than the top end ; or, in many cases, the tapered 
form is combined with the bellied, so resembling 
the tapering column having entasis. These out- 
lines are also imparted to jibs made of timber [ 44 ] 
and of steel [ 45 ]. The latter occur in several 
designs, either solid plated, as in small cranes 
almost solely ; or variously built up, and braced 
so as to lessen weight. In some of the heaviest 
cranes the jib has a large amount of tapering 
in both directions, jicrpendicularly as well as 
laterally, so much so, that the cross section of 
the framing at the foot becomes nearly square. 
This is also done to obtain great strength with 
comparatively little material, and such jibs have 
a very skeleton -like aspect, which seems hardly 
strong enough to sustain the loads of 40 or 50 tons 
which they carry safely. In many cranes the 
jibs are horizontal, instead of raking, like those 
shown in the illustrations. This form is intro- 
duced into cranes which have a travelling jenny, 
or a crab running in and out to different radii, 
resembling in this respect the traveller girders 
[46 and 47 ]. They are seldom solid plated, 
never in the large cranes, but are lattice braced. 
The design of such members in recent practice 
l>ecomes more skeleton-like in appearance, 
being particularly noticeable in the long-armed 
cranes of American and German design, but they 
are nevertheless of ample strength for their 
duty. 

Disposition of Materials. A timber 
jib [42 and 44 ] must of necessity be plain and 
solid. If in one piece, it is generally made 
octagonal in cross section [ 42 ]; or, if formed of 
two members, of rectangular section [ 44 ] ; and it 
is sawn or adzed and planed to the tapering 
outlines. But the steel jib occurs, as already 
remarked, in many forms, and therein lies 
one of the numerous advantages that steel 
offers over timber for constructive purposes, 
and which we shall illustrate by practical 
examples throughout this course. 

Take any of the shapes in which steel is rolled, 
and note their l>ehaviour individually. Plates 
and bars are flexible, bending and falling about 
in all directions, destitute of a trace of rigidity 
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to withstand bending stresses. Actually, the 
thicknesses of single plates and bars in some 
girder-like structures is not much in excess of 
that of stout millboard ; while by comparison with 
the dimensions of the entire structure they seem 
almost as thin as cardboard. But these can be so 
built up, as the bridge members are built up in 
the Warren [ 40 ] and other girders, as to render 
some elements helpful to others by affording 
them ample stiffness, which assistance is mutual. 

The simple case of two thin bars or plates set at 
right angles makes a rigid combination [48 and 49 ], 
This device is carried out in several designs, not 
only in built-up or plated work, but in what are 
termed rolled sections, as angles [ 50 ], tees [ 51 ], 
channels [52 and 58 ], joists, or H sections 
[54 and 55 ], and others. These give the designer 


alluded to in the second article. Many jibs must 
have some castings fitted to serve as attachments 
to parts of the crane adjacent, and to carry pin 
bearings. The thickness of the steel plate (from 
J to | in.) does not always afford sufficient bearing 
surface for fastenings or pins, and therefore cast- 
iron fittings are attached at the foot and head, 
and sometimes elsewhere, depending on the 
design. Such fittings, being in compression, are 
therefore, apart from convenience in manufacture, 
very properly made of cast iron. Examples oi 
these are seen in 42 , 48 , 44 , and 45 , a few only out 
of many designs easily obtainable by casting, 
but very difficult and costly to produce by forging 
or plating. In some cases the castings fulfil 
the purpose of rigid ties to the end of the 
otherwise unsustained plated work. 




the means of obtaining maximum strength with 
minimum weight and expense. 

No work of this kind is solid or cubical like 
timber is, but it has either a sectional form 
which embodies the web and llango type, as at A — 
the section of the jib shown in 45— or the box 
type B also in 43. The latter may be either plated, 
or open webbed — termed lattice braced, as shown. 
The bounding outlines of these structures are 
generally rectangular. But the point is that the 
metal is mostly massed outside, and the interior is 
entirely hollow, or it is webbed, and that is where 
the neutral axis of no strain lies. And thus it 
comes about that materials which in their elemen- 
tary sections appear to be the least suited to 


The chain pulleys of the jibs [42 to 45] are 
subjected only to compression, and are therefore 
of cast iron. Their pins are in shear, or more 
often combined shear and bending, and these, 
therefore, are made in mild steel. 

Tension Rods. Turning to the tie-rods 
[56], which are subjected wholly to tension, 
several things have to be considered. There is 
not only the rod itself, but its method of attach- 
ment. It is absolutely essential that the material 
must not only be strong, but tough, and capable 
of stretching. Practically only two materials 
fulfil these conditions — wrought iron and mild 
steel. The former has a strength equal to about 
22 tons per square inch, the latter equal to 28 
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withstand compression or bending stresses 
arc rendered as rigid as timber or cast iron, 
besides being much stronger and letter qualified 
than these to resist stresses that tend to pull 
asunder or to bend. 

The writer remembers old cranes in which 
jibs of cast iron were actually used, because 
adapted to resist compressive stresses. But 
at that time wrought iron was used only to a 
slight extent in large rolled sections, and the 
science of braced structures was not then under- 
stood as it is to-day. 

Cast-iron Fittings. Before we leave the 
jibs we must point out illustrations of the 
union of two kinds of materials in one member — 
namely, mild steel and oast iron, a combination 
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or 30 tons. The first will stretch from 7 to 9 
per cent, in a length of 10 in. previous to 
fracture ; the second from 20 to 25 per cent, in 
the same length. 

It is hardly necessary to point out how valuable 
is this property of stretching considerably before 
fracture in structures that are subjected to severe 
tension. Cast iron snaps without giving the 
slightest previous warning, which bars its use 
in tension elements, unless an enormous factor of 
Bafety is allowed. 

A tie-rod is subjected to severe stresses, due 
to the sudden surging and jerking of loads, and 
therefore a high factor of safety is essential, from 
eight to ten in excess of the actual stress that 
would snap the rod by a steady pull, such as 
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would be imparted at the testing machine. 
. And, of course, the work being divided between 
two rods — except in some very small cranes — 
the cross section of each rod is one-half that 
required for the pull allowed for. 

The Fastening of Rods. An important 
detail is that the rods should be as strong 
at the location of the attachment as they are 
throughout their parallel length. They are 
attached either by eyes or screws. The metal in 
the eyes being in ciirect tension, its total cross 
section [56] must be at least equal to that of 
the body of the rods. Generally, it is made a 
little in excess, for security. And, to prevent 
risk of the metal being tom out at the end, it is 


Roof Trasses. Passing from the crane 
diagrams to those of roof trusses [37], illustrated 
in the last article, we find that similar devices are 
embodied. The tension members are composed 
of fiat bars only, because, being in simple tension, 
the strength of the cross section alone has to be 
considered. That is, a cross section of, Bay, 
2J in. x in. has been calculated to withstand 
the purely pulling stress to which the member 
will be subjected, plus the factor of safety. 
There is no question of bending in these tension 
members, so that the flat bars do not require 
stiffening. Though flexible in themselves, the 
stress imposed maintains them in a taut con- 
dition always. 



generally elongated, which explains why tie-rod 
eyes are usually of elliptical rather than circular 
form [56]. 

When rods with screwed ends are attached, the 
diameter of the Borew- thread must be greater 
than that of the rod [57], because if screwed on 
the same size, the root of the thread will be 
smaller than the rod, and fracture would cer- 
tainly take place through the bottom of the 
threads. This explains the reason for the swelled 
screwed ends seen on such rods. 

Chains. It is necessary that the other main 
tension member in a crane — the chain — should 
be flexible ; but with this exception similar 
conditions have to be fulfilled as in the rigid 
tension-rods. High ductility, a high factor of 
safety, and secure and strong attachments 
have to be ensured. Its strength is, of course, 
equal to that given by the two transverse sections 
of the iron in the links. As every link is closed 
by welding, wrought iron is used for chains 



But now note the compression members. 
These are formed of rolled tees, or t sections. 
In heavy work they are built up of flats anil 
angles [48 and 49], for reasons to be noticed 
presently. But the point is that, being subject 
to compression, such members must be capable of 
resisting bending stresses, as in the crane jibs 
now illustrated, due to their great excess of 
length over section. Actually, therefore, they are 
not strictly compressive members, and if their 
strength were calculated as such they would fail 
by bending. They behave as long columns 
pivoted at the ends. They are, therefore, beams , 
the webs of which offer resistance to flexure in 
directions at right angles with each othor. The 
student, looking at a stool roof, can always dis- 
tinguish the tensile from the compressive 
members by observing the differences in their 
cross sections. 

Wide Utilities of the Foregoing. Tn 

structures a thousand changes are rung on 


rather than mild steel, because welds in the 
latter arc not so reliable as those in iron. Chain 
links are strained if bent over pulleys of small 
diameter, they also deteriorate much in service, 
suffering from fatigue. Their strength can be 
restored by annealing. But these evils explain 
why the smaller and more flexible wire-rope is 
being extensively used in preference to the 
more rigid chain links. The strain in chain 
and ropes is alike throughout — that is, the fact of 
passing over a pulley only alters the direction 
of motion, it does not alter the stress. 

Chains, or wire ropes, are frequently used 
instead of rigid tie-rods for derricking cranes, 
or lengths of chain and rigid tie-rod are linked 
together to form one tension member. 

2 N 8 


these simple elementary designs, derived from 
flat bars variously arranged. The rolled section 
is simply a cheap method of obtaining what is 
got at more expensively by building up with bars 
and angles. But it is necessary to adopt the 
latter in heavy structures for a reason already 
given — namely, the lessening of weight. 

The strength of beams increases directly 
as the thickness of the web, but as the square 
of the depth. Weight is therefore lessened by 
lessening thickness, and strength is increased by 
adding to the depth. A lighter but stronger 
structure can therefore be obtained by riveting 
two thin bars at right angles with angle irons 
than by using a rolled section. 

To be continued 
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FRACTIONS 

Reduction to Lowest Terms. Comparison of Fractions. 
Addition, Subtraction and Multiplication. Examples 


By HERBERT J. ALLPORT 


EXAMPLES 9 

1. Which of the following numbers are prime? 
087, 745. 1073, 997. 

2. Find the H.C.F. of (i) 105, 341, and 1302; 
(ii) 19769 and 36181. 

3 . Find the L.C.M. of (i) 18, 21, 24, 30, 36, 49; 
(ii) 1581 and 1887; (iii) 2520, 3315, and 5265. 

4 * Find the least number of lb. Avoirdupois 
which can be expressed as an exact number 
of lb. Trov. 

5 . Find the least number which, when divided 
by 42, 63 or 81, always leaves remainder 40. 

6 . A number of pencils can be tied into bundles 
of 17 ; but if they are tied in bundles of 8 
or of 9, there is ono pencil left over in each 
case. Find the least number of pencils. 

7. Four bells ring simultaneously, and after- 
wards at intervals of 2, 3, 5 and 9 seconds 
respectively. How long will it bo before 
they all ring together again ? 

8. From a heap of silver coins, all of the same 
sort, which weighs 38*875 kilogrammes, 
another heap weighing 2*605 kilogrammes is 
taken. Find the greatest possible weight 
of a single coin. 

9. Two men, the lengths of whoso strides are 
30 and 33 inches respectively, start walking 
together at the same rate. How often will 
they be in stop in walking a mile ? 

FRACTIONS 


If, after dividing the unit into any particular 
number of equal parts, say 15, we take more 
than 14 of such parts, say 17, we obtain a 
quantity equal to seventeen fifteenths of the 
unit, or Such a quantity, which must 

evidently be not less than the unit, is called 
an improper fraction. Thus, in an improper 
fraction, the numerator is not less than the 
denominator. 

72. A mixed number is the sum of a whole 
number and a f r action. 

Thus, the sum of 4 and | is a mixed number. 
It is written 4f. 

A mixed number can always be expressed 
as an improper fraction. 

Example. Reduce 5J to an improper fraction. 

Each unit of the 5 contains 9 ninths. 

/. 5 units contain 5 x 9 = 45 ninths. 

Thus 6ft= - ~ Am. 

y 9 

Again, an improper fraction is converted 
into a mixed number by dividing the numerator 
by the denominator. The quotient will be 

the whole number, and the remainder will be 
the numerator of the proper fraction. 

Example. Express as a mixed number. 

When 43 is divided by 5, the quotient is 8, 
and the remainder 3. 



69. An integer , or whole number, is a number 
which consists of a collection of complete units. 

A fraction is a quantity less than the unit. 
Wo have already seen (Art. 29), how quantities 
less than the unit can be expressed in the 
decimal notation. When so expressed, they 
are called decimal fractions. 

70. We shall now consider another method 
of expressing fractions. Suppose that any unit 
is divided into 7 equal parts. Each of these parts 
is called one-seventh, and is denoted by f ; two 
of the parts make two-sevenths, or * ; three of 
the parts make three -sevenths, or and so on. 

Thus, wo seo that a fraction is expressed by 
two numbers, written one above the other and 
separated by a line. The lower number shows 
the number of equal parts into which the unit is 
divided. Since it gives a name to the parts, it 
is called the Denominator. The upjH'r number is 
called the Numerator , since it tells us the number 
of equal parts taken to form the fraction. 

Fractions expressed in the above manner, 
such as JJ, are called Vulgar — i.e., Common 
Fractions. 

71. A Proper Fraction — i.e., a quantity which, 
in accordance with our definition, is part of 
a unit, will evidently have its numerator less 
than its denominator. 

ri a 


73. If the numerator and denominator of a 
fraetion are both multiplied by the same number 
the value of the fraetion is not altered. 

Consider the fraction If we multiply both 
numerator and denominator by 2, the fraction 
becomes Now, in the fraction jf, the unit is 
divided into 5 equal parts und 3 of these are 
taken ; in the fraction the unit is divided 
into 10 equal parts and 6 of them are taken. 
But, though we divide the unit into twice as 
many parts in the second case, yet two of these 
parts are only equal to one of the parts in the first 
case. Therefore, the 6 parts in the second case 
equal the 3 parts in the first — i.e., % = T n (T . 

74. This is perhaps made plainer by a diagram. 

a r g t -a A h n t\ _ a . 


Let A B C D represent 
the unit. Divide this into 
5 equal parts by drawing 
lines parallel to A B. 
Then A B E F, consisting 
of 3 of these strips, wifi 
represent 2 of the unit. 

Now divide A B C D 
into ’10 equal parts by 
drawing a line parallel to 
A D. Then A B E F con- 
tains 6 of these parts, and 
therefore represents of 
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the unit. Hence, sinoe A B E F represents 
both | and ^ it follows that $ = 

75. We have shown that and § are equal. 

Now, jf is obtained from by dividing both 

numerator and denominator by 2. Hence, 
the statement in Art. 78 is also true if we 
substitute “ divided ” for ** multiplied.’* 
Therefore, tho numerator and denominator of 
any fraction may always be divided by any 
common factor that they contain. 

When we have divided out (or cancelled ), 
all the common factors of the numerator and 
denominator, the fraction is said to be in its 
lowest terms. 


76. Reduction to Lowest Terms. In 

finding the common factors of the numerator and 
denominator the rules given in Art. 56 should 
be applied. When, however, common factors 
cannot easily be seen, it is better to find at onco 
their H.C.F. by the ordinary rule. 


Exa m pie 1 . 1 { ed uce 


511,1 


to its lowest terms. 


Here -5 11 * 
11880 


1705 

3900 

541 

792 

31 

72 


118S0 

(dividing numerator and 
denominator by 3), 

(dividing by 5), 

(dividing by 11). 


Now, 31 is a prime number, and it does not 
divide 72, 

is in its lowest terms. 

/2 

1 5K-> 

Example 2. Reduce ' ‘ ~ to its lowest terms. 
1 10057 


By trial, 2, 3, 5, 7, 11, 13 are none of them 
common factors, so we find the ll.C.F. 


o 

1582 

10057 

4 

~ 452 

505 


. . . 

113 


The H.C.F. is 113. Divide numerator and 
denominator by 113. The quotients are 14 and 89, 
. _1582 _ 11 
- ’ 10057 


A 718. 


H.C.F. working ean be more compactly 
arranged than by the method in Art. 60. Here, 
the first remainder is 5(55. We now divide 
this into 1582, writing the quotient, 2, on tho 
left. Remainder is 452. Divide this into 505, 
putting the quotient on the right ; and so on. 

77. Any fraction can be expressed with a 
denominator which is any given multiple of its 
original denominator. 

Example 1. J can be expressed with de- 
nominator 7x4. 

Tlius A = - v = * or y al ue of 

4 7 x 4 28 


the fraction is not altered when we multiply 
both numerator and denominator by 7. 

It is now clear that any number of fractions 
can be expressed as fractions with a denominator 
which is some com7non multiple of the original 
denominators. It is generally most con- 
venient to use the least common multiple. 

Example 2. Reduce ^ to a common 

denominator. 


The X.C.M. of 7, 14, 21 is 42. There- 
fore, we express each fraction as a fraction 
with denominator 42. 


Thus 


3 _ 

3 

X 

6 

18 

7 

7 

X 

6 

42’ 

5 

5 

X 

3 

15 

14 

14 

X 

3 

42’ 

8 

8 

X 

2 _ 

10 

21 

21 

X 

*2 

42* 


The multiplier for each fraction is, of course*, 
found by dividing its denominator into the 
common denominator 42. 


78. Comparison of Fractions. When 
■wo have reduced any given fractions to a common 
denominator, we see at once, that the one with 
the largest numerator is the greatest fraction. 
For instance, in Ex. 2 of the hist article, the 
three fractions wore found equivalent to ]S, 
Jfj, and J!i. But |;7 is greater than either 
|| or JJj — if is the greatest of tho given 
fractions. 

Example. Arrange in ascending order of 
magnitude, 

13 11 31 17 

15* 14’ 35’ 21* 


Find L.C.M. of denominators : 


3 

7 


JM 4 l?5 # 21 

V14.35, X L.C.M. = 3x7x2 x 5 = 210. 

2 , 5 


13 13 x_14 182 U_ 11 x 15 ___ 165 . 

15 15 x 14 210 J 14" 14 x 15 210 * 

31 3 1 x 6 = 180 . 17 _ 17 x 10 _ 170 

35 35 x 6 210 5 21 21 x 10 210 

Therefore, the fractions in ascending order are 


lVu\ 

170^ 

182 

180. 

210* 

21 0* 

210 

210 * 

11 

17 

13 

31 

14* 

21* 

15 

35 - 


79. We can also compare tho magnitude of 
fractions by reducing them to a common 
numerator , in which ease the fraction with the 
least denominator is the greatest fraction. 

Example. Which is greater, y or V. 

Here, L.C.M. of the numerators is C, 


and 



3 x 2 _ 6 

7 7x2 14’ 

2^ 2 x 3 _ 0 . 

5 5x3 15 * 

• 3 

t.e. f — , is the greater fraction. 


80. Addition of Fractions. If two or 

more fractious have the same denominator, 
their sum is obtained by adding tlic numerators. 


Thus, y + y + y = 


= J:< _ li. 


14 4 4 - 

7 7 

If the fractions have different denominators, 
ve must first express them as equivalent fractions 
vith the same denominator. (Art. 771. 
Example 1. Find the value of 

±+ A + A + A. 

9 + 7 21 3’ 


547 



MATHKMATIO* 

The L.C.M. is 63. The several denominators, 
when divided *into 63, give 7, 9, 3, 21 respectively, 
for quotients. Therefore, we multiply the 
numerators and denominators of the fractions 
by 7, 9, 3, 21, and add the numerators to obtain 
the required sum. The result must be reduced to 
a mixed number, or to lower terms, if necessary. 

The work is arranged thus : 


!+!+£ + , 2 t 

9 7 21 3’ 

7+27+ 15+42 


63 

- e= in = ii 


Arts. 


: 2 + * 


= 3 + 
= 2 + 


75 

75 + 20- 


«1 + 


-1 + 


70 + 225-195+ 18 - 294 


313-489 
315 ’ 

628 - 489 


315 


139 

315 

of 


A ns. 


Example 1. 


- x 4 means 


l + l + l + l, 

9 + 9 + 9 9 

7x4 
9 ’ 




28. 
9 ' 


In adding mixed numbers, first add the whole 
numbers, then the fractions, finally adding the 
two results. 

Example 2. Add together 3J + ^ + 7H + 
Given expression 

*= 3+ 7+4+J + ifo + ^ + ^y, 
lj4 , 15+ 35+ 88+ 18 

~ W+ 120 

« 14 + m = 14 + hfft = 15A Arts . 

81. Subtraction of Fractions. The 
principle is the same as in addition. Reduce 
the fractions, if they have different denominators, 
to a common denominator, and then take the 
difference of the numerators. In the oase of 
mixed numbers, subtract the whole numbers 
and the fractions separately. 

Example 1. Take 4A- from 6?. 

6?-4A = 6-4 + ?-A. 

9-5 
21 ’ 

— 2 +r^*[“ = 2%^r A ns. 

If the fractional part of the number to be 
subtracted be greater than the fractional part 
of the other number, we proceed as follows: 
Example 2. From 7^ take ty}. 

7A-4H-7-4 + A-H. 

20-33 


75 

-2 + «« 2» Arts. 

Example 3. Simplify 3| + 4^ - 5^ + ^ - lfj. 
Given expression 

= 3 +4 - 5 - 1 + 5 + f - Jf +jfr - ft. 


315 

82. Multiplication of Fractions, (i.) 
When the multiplier is a whole number. This, 
as in the case of whole numbers (Art. 15), 
means that we have to find the sum of a given 
number of repetitions of the fraction. 

* Obtained by adding all the numerators with ♦ before 
them, and then all those with - before them. 


or 

Hence, to multiply a fraction by a whole number , 
simply multiply the numerator by that number. 

Since the multiplier thus becomes a factor 
of the numerator, we cancel (Art. 75) any 
common factors contained in the multiplier ana 
the denominator ; and this may be done before 
weperform the actual multiplication. Thus : 

Example 2. Multiply by 69. 

jg X 69 « (cancelling 23), 

= V = 28 jAna. 

It follows, that, if the multiplier be itself a 
factor of the denominator, we may, to multiply 
a fraction by a whole number, divide the denomi- 
nator by that number. 

(ii.) When the multiplier is a fraction. 

In performing the operation 7 x 9, it is plain 
that we do to 7 what we do to a unit to obtain 
9. Similarly, | x A may be looked upon as 
doing to f what we ao to the unit to obtain fa 

Now, to obtain fa from the unit, we must 
divide the unit into 11 equal parts and take 
4 of them. 

Therefore, to find the value of f x ^ we must 
divide $ into 11 equal parts and take 4 of them. 

But (Art. 73) = * x 11 (Art. 82, i), 

so that, the eleventh part of f is ^ ; and, if we 
take 4 of these parts, we get ^ x 4, or 
Thus, § x fa = ££. Now 12 =3 x 4, and 55 =5 x 11. 

Hence we have the following rule : To 
multiply two fractions together , multiply the 
numerators for a new numerator and the 
denominators for a new denominator . 

As in Ex. 2 the work is shortened if we 
cancel common factors from the numerators 
ani denominators. 

Example 8. Multiply f f by 1ft. 

2 

49 

7 7 

Here, the 22 of the numerator and the 77 of 
the denominator contain a common factor, 11. 
Therefore, we cross out the 22 and write 2 
above it, and cross out the 77 and write 7 under 
it Similarly, we cancel the factor 13 from 13 
and 91. There is now 2 left for numerator and 
7x7 for denominator. 

To multiply more than two fractions together, 
we proceed in the same way. 

In multiplication of fractions, mixed numbers 
must first be expressed as improper fractions. 

Example 4. Simplify 5J> x +1 x 14J. 

$ 5 

« x U * « 

T lx 

8 2 

» fft - 3A Ant. 


The product = 


Ans . 


Given expression 


To be continued 
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Group 24 

physics THE THREE LAWS OF MOTION 

4 Newton's Laws — continued. Their operation as manifested in the Sun, the 

Oontinuedfrom Omnibus, and the Cricket Ball. Interplay of Nature’s Laws. Equilibrium 


By DR, C. W. SALEEBY 


VTfE cannot leave the first law of motion with- 
out inquiring whether there is any known 
case of perpetual motion — the words being used 
in their legitimate but ignored sense— or of any- 
thing that elosely approaches it. In our search 
for such a case we must leave all oases of motion 
through a thick resisting medium, and must there- 
fore abandon all cases of motion on the earth. 
Similarly, even the top revolving in a perfect 
vaouum (if that coula be obtained) would not 
satisfy us, for the top has to be supported upon 
something, and this introduces friction. 

The Motion of tho Earth. But if we 
take the earth itself, we have a moving object 
which is not supported upon anything, and 
which moves through — what ? If it moved 
through nothing , wo should have to believe that 
its movement must be an instance of perpetual 
motion. For ages this planet “ has gone cycling 
on according to the fixed laws of gravity ” — to 
quote from the famous last paragraph of Dar- 
win’B “ Origin of Species ” — and since there is 
no such thing as a tendency to stop, but rather 
a tendency to go on unless stopped, why should 
it not so go “ cycling on ” for ever, there being 
nothing to stop it ? 

But to this we must answer that though the 
earth (including, of course, its atmosphere, 
which, fortunately for us, it does not leave be- 
hind) meets with very little resistance, yet it is 
moving through a medium which is called the 
ether. We use tho ether as a symbol for fine- 
ness of texture and for tenuity (the opposite of 
density), as when those who believe in them 
speak of ghosts as of “ethereal texture”; but 
however tenuous the ether, yet it exists, and 
must offer some resistance to the earth’s move- 
ment. 

This is a subject now engaging the attention 
of the astronomical physicists. Further, it has 
lately been proved that light and all the radia- 
tions in the ether that are comparable with 
light, though they happen to be invisible to us, 
exercise a pressure or force upon the earth which 
must be slowly affecting its onward motion. 

The Rotation of the Earth. But 
the reader may be inclined to suggest that, 
though the earth may meet with external force 
of opposition in its movement of translation, it 
must at any rate be free to exhibit perpetual 
motion ana illustrate Newton’s first law, in so 
far as its movement of rotation is concerned. 
Must it not go spinning for ever, even though its 
movement round the sun should be arrested ? 
Is not the earth like a top which spins not only 
in a vacuum, but without friction, since it is 
without material support ? 

The answer to this is that even the rotation of 
the earth does not furnish us with the case of 


perpetual motion that we seek, for, apart from 
any friction between the rotating earth and the 
ether, Professor George Darwin (the son of 
Charles Darwin and President of the British 
Association in 1905) has proved that the friction 
of the tides acts as a brake upon the rotation 
of the earth ; bo that thiB rotation is becoming 
slower, and thus the day is lengthening by about 
22 seoonds in every centurv. This may sound 
very little, but consider the difference it will 
mean in, say, 100,000 years. 

The Force in a Moving Body. Further 
we must note that the discovery of the pressure 
of light makes necessary a very curious practical 
addition to the first law of motion. Indeed, this 
law is never illustrated in actual practice, not 
because the law is not true, but because of the 
occurrence of factors of complication. The law 
declares that a moving body will move in a 
straight line with a constant velocity for ever 
unless it be acted upon by some external force. 

But wo are actually now compelled to declare 
that the law must be restated, for wc find that 
the moving body contains within itself a foroe 
which tends to stop it. The tendency to stop, 
to which we have so often pointed as at a 
superstition, has some correspondence to fact, 
after all, though this correspondence is very 
different from that commonly supposed. Take, 
for instance, tho sun, or any body radiating light, 
heat, or any form of ethereal radiation. ThiH 
category probably includes all bodies whatever, 
whether in the earth or in the heavens, and 
certainly it includes the cricket-ball, which we 
have considered ; but we will choose tho sun as 
most convenient for our purpose. 

The Sun Moving through Space. 
As tho sun moves through space, with his 
family, he radiates light and heat in all direc- 
tions, and it has been proved that this light 
and heat exercise actual pressure, as we shall 
see in a later section. But when we con- 
sider the case of the sun, or any moving radiant 
body, we see that he tends to “ catch up ” the 
wavos wdiich ho sends in front of him, whilst 
those he sends out from behind him increase 
their distance from him with additional speed, 
due to the fact that he is moving away in the 
opposite direction from them. Hence the waves 
of radiation are packed close in front of the sun 
and thinned out behind him ; and it fellows that 
tho radiation-pressure is greater in front than 
behind. Therefore the sun, in virtue of a force 
which he himself produces, tends to stop. The 
reader will not be confused ; he will not regard 
this as a “ tendency to stop ” without there 
being something to do the stopping. If it were 
so, the first law of motion, and the conservation of 
energy, would be nonsense. But it is a remark- 
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able discovery that the first law of motion can 
never apply to existing things, but only to an 
imaginary state of affairs* since its action must 
always be compromised by the action of the 
remarkable law, in virtue of which every moving 
body that produces ethereal radiations (that is 
to say, so far as we can judge, every moving 
body at all) actually produces in its sur- 
roundings such conditions of external force as 
tend to bring about its own arrest. The first 
law of motion is no more to be regarded as 
untrue on this account than the law of gravita- 
tion is to be accounted untrue because the earth 
does not instantly rush into the sun. Each law 
is true, as a statement of what would and must 
occur, if no other law had to be recognised. 

Interplay of Nature’* Laws. The 
actual facts of Nature are due to the interplay of 
innumerable laws, and it is our business both 
to recognise the interplay and to disentanglo 
tho various laws if we can. Of such disen- 
tangling the discovery of the first law of motion 
is a great example — an example all the greater 
and all tho more important because, so far as 
wo know, there is in Nature no case whatever of 
tho uncomplicated action of this law. Observe 
the word uncomplicated. Tho law is true every- 
where and at all times, even though no obvious 
illustration of its truth can be furnished ; other- 
wise it is not a law of Nature. In a famous 
controversy, Charles Kingsley, tho great divine, 
declared that he defiod and nullified the law of 
gravitation by his will, when he held nn object 
in his hand, and prevented it from falling. Ho 
did nothing of the sort. The law of gravitation 
was strictly observed, and was expressed in the 
weight or pressure of the object in Kingsley’s 
hand. Similarly, the first law of motion is as 
surely in action when a cricket-ball stops rolling 
as it would bo if the cricket-ball, in the absenco 
of friction or external resistance, went on moving 
for ever. 

Everyday Illustrations. We may con- 
clude our consideration of the first law of 
motion by one or two illustrations of its action in 
daily life. We shall look not at the conventional 
illustrations, but at others which are more vivid. 

For instance, let us suppose that a man is 
standing on the top of a ’bus, when the con- 
ductor gi ves t he signal to start. Everyone knows 
that the passenger is liable t-o fall backward. 
Why ? Ho is in a state of rest, and in order to 
move forward a force must be applied to him. 
If his boots wero so smooth, and tho top of the 
'bus so smooth, and his weight so negligible that 
friction played no part, the passenger would 
simply slide — not fall— backward along the top 
of the ’bus. But in virtue of friction, the force 
exercised by the horses or the motor is com- 
municated to him. The first part of his body to 
be impressed by the external force is the lower, 
which moves forward, leaving behind the upper 
portion, which, deprived of support, falls ver- 
tically downward behind the advancing legs. 
That is to say, the passenger falls backward. 

But supfiose the passenger be riding in a 
hansom and the horse falls. As everyone knows, 
he lands on the horse’s back. Why ? Because, 
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in virtue of the first law of motion, his body 
continues to move forward, though the seat 
which supi>ortcd it happens to stop. If the 
earth lost its powers of gravitation, and the air 
had no resistance, the passenger would be pro- 
pelled in a sitting position through space for 
ever, free of charge. 

Jumping off a 'Bus. Other illustrations 
are furnished by the modes of jumping off a ’bus. 
Assume that the step of the ’bus is at the back, 
instead of the side. The wise passenger may 
step off such a ’bus on to one foot, and stand upon 
it without needing even to put down the other 
—if he will attend to the first law of motion. 
As he leaves the ’bus, his whole body is 
in forward motion at the speed possessed by 
the ’bus. The foot which touches the ground 
is arrested by friction. If the passenger’s body 
be vertical when ho steps off, the upper part 
of his body, continuing to move forward in 
accordance with the law, will inevitably be over- 
balanced, unless he rapidly advances the free 
leg to save himself. But he can perform the 
feat named, if he steps off the ’bus with the 
upper part of his body inclined so far backward 
that he would fall backward were the ’bus 
stationary. For, if the ’bus be moving, his 
whole body is moving. Tho lower part is 
arrested, the upper continues to move forward, 
and, if properly inclined backward at the 
moment when the foot touched the ground, 
will bo arrested just when it has travelled so 
far forward as to bo immediately above the 
already arrested leg. 

Similarly, it is easy to step from a rapidly 
moving ’bus, with the face turned backward, if 
one remembers to fall in the direction of tho 
face as one steps off. The upper part of the 
body travels onward- instead of falling on 
one’s face, one is left standing upright. 

Tangential Motion. Tho law also ex- 
plains the fashion in which rain-drops nmy 
bo whisked off an umbrella by rotating the 
handle. If this bo dono very slowly, the force 
of cohesion between the drops and the silk is 
enough to keep them in their place. But as 
soon as the umbrella is rotated fast enough, the 
force of cohesion fails, and the moment the 
drop ceases to be in actual contact with the 
umbrella it obeys the first law of motion, and 
moves not in a circle but in a straight line ; 
it flies off at a tangent, This has become a phrase 
of common speech, but it is strictly true. At 
any given moment, each rain-drop is moving in 
a direction wdiioh may be represented by a 
tangent to the circle to which tho edge of the 
umbrella corresponds. 

We remember that a 

D tangent (literally a thing 

f 'v touching) is a line which 

( ' r J touches the circumference 

y of a circle, and is at right 

angles to that radius of the 
circle which is drawn from the point of contact. 
Observe that, in virtue of the first law of 
motion, the departing drops do not continue to 
move in circles, but in straight lines. The 
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accompanying figure represents their oourse, 
each line being a tangent to the circle at the 
point where cohesion failed to control the 
motion of a drop. Com- 
pare a “ St. Catherine’s 
wheel.” 

For a last illustration we 
mav return to cricket. The 
ball leaving the hand of an 
over-hand bowler flies off 
at a tangent from the circle which his ann 
describes. Hence the path of the ball is deter- 
mined by the earth 1 s gravitation and the 
moment when the ball leaves the hand. -The 
higher the ball’s flight, the earlier did it 
leave the bowler’s hand. 





The bowler who has no control over " pitch ” 
is one who cannot control the moment at which 
he lets the ball go from his hand, and thus cannot 
determine the tangent which it follows. It need 
hardly be said that, were there no foree of gravi- 
tation and of aerial resistance complicating 
the action of the first law of motion, the high 
“ dropping ” ball of the diagram would never 
drop, but would travel in the straight line 
represented bv tlio tangent at constant speed 
for ever. It w’ould be a unique case of six 
“ widen ” for “ lost ball ” ! 

The Second Law of Motion. We 

must now pass to the consideration of the 
second law of motion . This may be stated in 
many different forms, but perhaps as intel- 
ligible as any is the follow ing : Change of 
momentum is proportional to the impressed 
force, and takes place in the direction in which 
the foree acts. 

Before wo go any further it is necessary to 
know the meaning of the word momentum. It 
is practically equivalent to quantity of motion, 
so that the law' might he changed so as to read : 
Change of quantity of motion is proportional, 
etc. What, then, do we mean by quantity of 
motion ? Tho term is to bo strictly defined r 
The quantity of motion of any body is pro- 
portional to its mass and its velocity taken 
together. If we use a capital “ M ” to signify 
momentum, a small “ m ” to signify mass, and 
a small v ” to signify velocity, we may frame 
the formula 

M — mv. 

But wc must have a little more definition yet. 
Hitherto we have used the w'ords speed and 
velocity indifferently, but from this moment we 
must employ the word velocity with its strict 
technical meaning. In physics velocity is taken 
to mean speed — that is to say, rate of motion 
plus the statement of the direction of the motion. 
Velocity is therefore speed plus direction ; thus 
we see that 

Momentum equals mass and velocity, or 
equals mass and speed and direction. 


We are now m a position to read the second 
law of motion with full comprehension. 

It means that the change in the quantity of 
motion of a moving body, and in the direction of 
its motion, is strictly determined by the quan- 
tity and the direction of the force whioh causes 
it. In this law is included the principle dis- 
covered by Galileo — whom we have already 
described as the father of dynamics — the 
principle of the independence of two or more 
forces that may act on a body. It is true that 
the body moves only in one direction at one 
time, though acted upon by fifty forces, yet 
each of these forces determines the momentum of 
the body in its own measure, as Gulileo showed. 

Composition and Resolution of 
Forces. It is from this second law of motion 
that we are able to deduce the means of com- 
pounding and resolving forces. By the rom i fx>situm 
and resolution of forcts we mean respetively the 
estimation of the net result, so to speak, of the 
action of a number of forces — and the discovery 
and identification of a number of forces of 
w r hich only the net result can immediately In- 
observed. A problem in the composition of 
forces, for instance, would be the determination 
of a future position of a planet at- a given 
moment by means of our knowledge of the 
various forces that are acting upon it. A 
problem in the resolution of forces would be tho 
discovery of the various forces that determine 
the actual observed motions of a planet. 

So far, then, wp may say that whilst tho first 
Jaw gave us a definition of force, tho idea of 
inertia and the means of measuring time, the 
second law gives us the key to the composition 
and resolution of forces. It gives us the key 
also to the measurement of force and to the 
measurement of mass, and it also enables us to 
study the motion of a particle— that is to say, 
the ideal motion of a unit of matter. 

A Falling Stone on a Moving Ship. 
Perhaps the simplest illustration of the first 
assertion of tho second law of motion is the 
case of a stone dropped from the mast of a 
moving ship. As everyone knows, tho stone 
w T ill fall at the bottom of the mast, just as it 
would if the ship were not moving, yet during 
tho time that the stone fell the ship may have 
advanced many feet upon her journey. The 
first law of motion teaches us that the falling 
stone must retain in falling the motion which 
it had when it was attached to the ship, and the 
second law teaches us that the, external force of 
gravitation acts independently upon the whole, 
ship and stone together, with exactly the same 
result, whether both are moving or both are at 
reBt. 

Another illustration is furnished by a cricket 
ball. If to practise catching you run rapidly 
forward, throwing up the hall at intervals, you 
know, by experience, that it is not necessary to 
throw the ball forward, as you might at first 
expect ; you throw the ball vertically upwards 
as you run, yet it comes down again into your 
hand, though your body has travelled a long 
distance forward in the interval. The curved 
course of the ball in its flight through the air is 
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Reducible from the first and second laws of 
motion. 

How Neptune was Discovered. A 

most conspicuous instance of the truth of these 
laws was furnished by the discovery of the 
planet Neptune, which was, of course, unknown 
to Newton. Newton had furnished the astro- 
nomers with the law of gravitation and with 
the laws of motion, yet when they came to 
study the actual observed movements of the 
planet Uranus (also unknown to Newton) they 
found that those movements did not tally with 
what the laws would have led them to predict. 
They assumed, however, the truth of these laws, 
and set to work to discover the nature of another 
force unknown to them which must be acting 
in order to cause the anomalous movements of 
the planet they were watching. 

Two astromoners, one in Cambridge and one 
in Paris, each quite ignorant of the other's 
work or calculations, set themselves this task. 
Each independently declared that, if the laws 
of motion and gravitation were true, there must 
be, at a certain spot in the heavens, a certain 
mass of matter hitherto unknown to astrono- 
mers ; the presence of such a mass of matter 
in such a place would account, they said, for 
the perturbations in the movements of Uranus, 
assuming the truth of the laws of motion. 
When tne telescope was turned to the point 
indicated, the planet which wo now call Neptune 
was discovered. 

Measurement of Force and Mass. 

Wo have already stated the possibilities which 
are afforded us by the second law of motion, 
and we must make a further brief reference to 
them. It enables us, we have said, to measure 
force, for by this law a uniform force may l>e 
measured by observing the momentum which it 
produces in a given time. Thus the unit of 
force will be that force which produces a unit 
of acceleration when acting on unit mass. This 
may Ik* expressed symbolically as F-ma. 
Similarly, it will lx* readily seen that we have 
also a means of measuring mass, since mass, 
force, and acceleration are now seen, in virtue 
of the second law of motion, to be quantities 
which have a constant connection with one 
another. 

As we can measure a force by measuring the 
amount of acceleration which it imparts to a 
known mass, so we can also measure mass by 
estimating the acceleration imparted to it by a 
known force. It will be readily understood 
that the second law of motion is capable of 
almost indefinite discussions and illustration, 
because of the high complexity of the ideas 
which it contains. Here, therefore, we will 
merely diseuss two points which it raises. And 
first as to the familiar theory of the parallelo- 
gram of forces. 

The Parallelogram of Forces. This 
phrase at- first means nothing at all, for by 
a parallelogram we understand a figure or 
diagram on a piece of paper, whereas by a force 
we mean something which seems to have no 
relation to such a diagram. But when we 
speak of the parallelogram of forces, we assume 
552 


—and it ought to be clear that we do assume— 
a symbolic way of representing forces. We find 
that forces and velocities and accelerations can 
all be perfectly represented by straight lines. 
Of a straight line it may be said that it has 
magnitude, inasmuch as it may be longer or 
shorter, and direction ; and of these two ideas 
our ideas of force, acceleration, and velocity are 
compounded. 

Hence we draw a straight line, making its. 
length or magnitude to represent (1) in case of 
velocity the speed or rate of motion, (2) in the 
case of acceleration the number of units of 
velocity added per unit of time, and (3) in the 
case of force the magnitude of the force which, 
as we have already seen, is strictly proportional 
to the acceleration it imparts to any given 
mass ; whilst the direction of the line indicates 
the direction of the motion which is implied in 
each case. Hence two straight lines, passing 
through a point, can give us a complete sym- 
bolic representation of two forces acting on any 
mass at that point, the length of each line being 
proportional to the acceleration which the 
symbolised force would impart to the mass, 
and its direction representing the direction of 
the force. 

Now we find that from these two lines we 
may construct a parallelogram, if we represent 
the two forces by two lines which meet at the 
point in question. For instance, in the accom- 
panying diagram, BA and CA represent two 
forces acting on a given mass at the point A — 
represent these forces both as to magnitude 
and direction. 



Lot us now complete the parallelogram, thus : 



If now wo draw the diagonal DA, it indicates 
exactly, both in magnitude and in direction, 
the resultant motion of the mass in virtue of 
the composition of the two forces BA and CA. 

Similarly, we have the theories of the 
parallelogram of velocities and the parallelo- 
gram of accelerations. 

We may state in technical language the 
theory which we have seen illustrated above 
by saying : If two forces acting at a point be 
represented in magnitude and in direction by the 
sides of a parallelogram which meet in that point , 
the diagonal through that point represents the 
resulting force both in magnitude and in direction 

The Parallelogram in Practice. The 
simplest case and the most frequently 
illustrated of the parallelogram of foresee is 
Where the two forces are acting at right angles 
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to one another. Everyone who has sailed a 
boat has a practical, if not a theoretical, ac- 
quaintance with the parallelogram of forces. 
Or take the case of a cross-Channel swimmer, 
whom the current is bearing in one direction, 
whilst his own muscles are bearing him at right 
angles to it. If the magnitude of the two 
forces, the foroe of the current and the force of 
his muscles, be represented by straight lines in 
the way we have seen, and then a parallelogram 
be constructed, the diagonal of that parallelo- 
gram will represent the actual course the 
swimmer’s body will take. 

The second topic raised by the second law of 
motion is most readily brought to the mind by 
the illustration of the various forms of lever. 
But before we can consider the lever, or, indeed, 
any of toe problems of equilibrium, or of what 
is called statics — viz., the discussion of rest 
brought about by the balance of forces, we 
must devote some attention to the third law of 
motion, which is also involved. 

The Third Law of Motion. ThiB law 
may be said to assert that the mutual 
actions of any two bodies are alwayB equal and 
oppositely directed, or that to every action 
there is an equal and opposite reaction. This 
exceedingly important law may be extended bo 
as to have a much wider meaning, which Newton 
at any rate suspected. Thus we may Bay that 
the activity of an agent or the rate at which it 
does work is equal to the counter-activity of 
the resistance. We are here close to the pro- 
position, which must later be discussed at 
length, of the conservation of energy. 

Now let us consider again the general ques- 
tion of statics, that branch of dynamics which 
is concerned with the balance of forces. The 
chief problem of statics, we may say, is to 
discover the precise manner in which the com- 
bination of a number of forces acting on a 
body — each of which is in itself the cause of 
motion — shall produce not any kind of motion, 
but equilibrium , or rest. 

Now, in the last diagram we saw that two 
forces, represented by toe lines BA and CA, 
tended to produce a motion which can be 
represented both in magnitude and direction by 
the line DA; whence the proposition of the 
parallelogram of forces enables us to assort that 
equilibrium, or rest, will be attained if to the 
two forces BA and CA there is opposed a single 
force, to be represented in magnitude by the 
line DA and in direction by that line, save that 
it acts not from D to A, but from A to D, as 
indicated by the dotted arrow. 



Hence the result of toe interaction of three 
forces represented by BA, CA, and AD will be 
rest. This is perhaps as simple a problem in 
statics as we can name. • 


The Triangle of Forces. Now we may 

go further and show that, since BD is equal 
to AC, the fact of rest, or equilibrium, may be 
represented in our diagram by a closed figure — 
in this case a triangle, AB, BD, DA. This is 
what is known as the triangle of forces , and it 
is capable of great extension. It can be proved 
that if any number of foroes acting at a point 
can be represented in magnitude and in direct- 
ion by the sides of a dosed figure taken in 
order, toe net result of the action of all these 
foroes will be rest— or, in other words, these 
foroes will be in equilibrium. The triangle of 
foroes is thus a special case of the polygon of 
forces , a polygon here being taken to mean any 
dosed figure bounded by a number of straight 
lines — literally, it means many angles. 

If only two foroes act on a body, it is evident 
that rest or equilibrium will result only when 
the two foroes act at one point, when they are 
equal in magnitude and opposite in direction. 

If toe forces are not acting at one point, a new 
problem arises — viz., toe problem of a motion of a 
system of particles as compared with the much 
simpler problem of the motion of a single partide. 

What we mean by Equilibrium. 
By equilibrium we mean thvt state of balance 
among the forces or sets of foroes acting on 
a body in virtue of which there is no resulting 
tendenoy for the body to change its state, 
whether of rest or of motion. Statics is precisely 
the study of foroes in such equilibrium. 

The first point to note is that we must not 
confuse equilibrium with rest. Whonever there 
is rest there is certainly equilibrium. A book 
lying on the table is at rest, becauso there is 
equilibrium amongst the forces which tend to 
pull it towards the earth and the forces by 
which it is sustained, but this is only one kind 
of equilibrium or stability. We may call it 
static stability , moaning that the body is stable, 
in a state of rest. But, on the other hand there 
may as certainly be equilibrium or stability 
where there is motion. This we call a moving 
equilibrium, or a case of kinetic stability. When- 
ever a body or a system of bodies tends to remain 
or be stable in a steady state of motion, we have 
an instance of a moving equilibrium, or kinetic 
stability; hence equilibrium does not necessarily 
mean rest, but is compatible with steady motion. 

A vehicle drawn along at constant speed, in 
virtue of the continued action of the forces that 
tend to drag it on and the forces that tend to 
hold it back, the resultant of the two sets of 
forces being constant, as is proved by toe con- 
stant motion of the vehicle, is as truly in a 
state of equilibrium or kinetic stability as it is 
when it comes to rest. 

For many decades of the nineteenth century it 
was believed that the solar system is an instance 
of a moving equilibrium — furnishes a case of 
kinetic stability ; but it is now known that other 
internal forces besides those recognised by tho 
great French mathematicians who were con- 
temporary with Napoleon are at work in the 
solar system, and that, therefore, it does not 
furnish a case of kinetic stability. 

To be continued 


553 



THE OCEANS OF THE WORLD 

4 The Water Cycle. The Rivers and the Sea. Chemistry of 

CkmtiniMd from Sea Water. Tides and their Movements. Currents. Coral Islands 
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By Dr. A. J. HERBERTSON and F. D. HERBERTSON, B.A. 


Deep and Shallow Seaa. The seas over 
the continental shelf are everywhere shallow. 
The continental shelf is very broad in the 
northern part of the Pacific, where, if the sea 
sank 600ft., North 

America would be r““ — — 
joined to Asia by 

an isthmus over v >3 

1,000 miles wide. ^ 

A broad conti- x * ttsbhp 

nentalshelf, 

covered by slial- / / _ 

low seas, extends ~ ■ 

along ti)e Atlan- 
tic shores of the 
New World. Tho 
broad continental 
shelf of North- 
west Europe is 

covered by the „ , . " H IV -■ 

shallow iJ or th 

Sea, leading to . . 

the shallow Baltic . 

Sea. A broad 

continental shelf, * ' CX ^ L 

i;„ The arrows show the water risi 

on men Jio the f rom u w „ ea> then, passing into cl< 
East Indies, bor- on the mountain tops, being thenn 
ders the Pacific 

shores of Asia. A similar broadening of the 
continental shelf connects Australia with New 
Guinea on the north and Tasmania on the 
sou tli. All these lands arc immediately sur- 
rounded bv shallow seas. 


40 . THE CIRCULATION OF WATER 
The arrows show the water rising in the form of invisible vapour 
from the sea, then, passing into cloud, it forms and descends as rain 
on the mountain tops, being thence carried by the river to the sea 


Beyond th© continental shelf the ocean varies 
greatly in depth. Its greatest depths, as we 
nave seen, may be compared roughly with the 

greatest elevation of the lithosphere. Th© 

principal deeps 

"1 are found along 

both margins of 
. .. - *mj. the Pacific. The 

deepest are the 
^ ___ ^ vn.;*- j Japan, or Tus- 

Xv* carora Deeps, off 

s the north-east of 

w Japan; the 

Marianne Deeps 
jZfa (the deepest in 

^ mZT the world, over 

<T" 13,500 ft * )» off the 

Marianne Islands, 
- between Japan 

^ and New Guinea ; 

„ ] and the Ker- 

madec (over 

30,000 ft.) and 

nos op water T ? n 8? Deep®, off 

f in the form of invisible vapour an s 0 6 

id, it forms and descends as rain same name lying 

:airied by the river to the sea to the north-east 

of New Zealand. 
Tli esc arc all on the eastern margin of tho 
Pacific. On the western margin great depths 
occur off the Aleutian Islands of North 
America, and off the coast of Chile, whore almost 
the highest mountains in the world rise out 








42 . SECTIONS OF THE NORTH ATLANTIC OCEAN SHOWING TEMPERATURE 
AT DIFFERENT DEPTHS 


The darker the tint the warmer the water 

of almost the deepest seas. In the Atlantio 
the greatest depths are north of Porto Rico 
(28,000 ft.). On the eastern margin of the 
Indian Ocean is the Sunda, or Java Deep, off 
Java (under 20,000 ft.). 

The oceans receive the waters of innumer- 
able rivers. This constant gain, however, is 
c o u nterbalaneed 
by the loss duo 
to evaporation, 
which goes on 
all over the sur- 
face of the ocean* 
with an intensity 
varying with the 
atmospheric con- 
ditions [ 40 ]. We 
have already in- 
vestigated the 
process in our 
examination of 

rain. The moisture absorbed by the atmosphere 
takes part in the grout rhythm of water circula- 
tion already described, and, falling at last as 
rain, is ultimately restored by rivers to the ocean, 
to start once more on its cycle of change. 

The Chemistry of Sea Water. Rivers, 
in passing over the surface of the land, become 
more or less heavily charged with chemical 
substances, which they carry into the 
ocean. These are left behind in evapo- 
ration, and their presence renders the 
ocean brackish. Of chemical substances 
present in the ocean the most abundant 
is common salt, which, if spread out 
over the land, W’ould form a layer 
many feet thick. Only a small part 
of this is brought down by rivers. 

The origin of the rest is an unsolved 
problem. Sea water, being thus 
heavily charged with chemical matter 
in solution, is heavier than fresh, and 
one can, therefore, float in it more 
easily, as every bather know^s. 

The salinity of sea water varies in 
different parts of the world and at 
different depths. The surface waters 
are saltcst where evaporation is most 
rapid, and rainfall least — that is, in 


the dry parts of the hot 
belts. The cold Polar waters, 
where evaporation is slowest, 
are least salt on the sur- 
face, Inland seas, like the 
Mediterranean and Red 
Seas, which receive few' 
rivers, are exceedingly Balt. 

Temperature of the 
Ocean* A great part of 
the sun’s rays are reflected 
back from the surface of 
the ocean, causing the glare 
so familiar to those who 
look at the sunlit sea. The 
rays which are not reflected 
off heat the upper layers, 
which become heavier 
through evaporation and 
consequently sink, heating the layers below 
by tho movement of their heated particles. 
This heating action, though it penetrates much 
deeper than in tho case of land, reaches to no 
great depth. In the hot zone the surface 
temperature of the ocean is about 70° F. [ 47 ], but 
half a mile below the surface it is only .‘18° F., or 
but a few' degrees 
a b o v e freezing 
point [ 41 ]. Kn- 
elt wed seas like 
the M ed i to rranean 
and Red Seas, 
lying wholly in 
warm latitudes, 
ha vo a much 
higher tempera- 
ture. The surface 
temperature of 
tho Red Sea and 
the Persian Gulf 
may be as high as 90 r ' F. Tho great oceans, 
which extend through all tho climatic zones, 
have a great range of surface temperature [42 J. 
In the Polar oceans tho surface temperature is 
about 38° F., which may probably be taken as 
tho averago temperature of the ocean. 

How the Moon Attracts the Sea. 
The tides are periodical risings and fallings of 



44 , EFFECT OF THE SUN ON TIDES 
Spring tide. Low water about 6 p.m. 
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the waters of the ooean which take place twice 
daily. Students who are not familiar with 
advanced mathematics must be content to 
accept the statement that they are caused by 
the attraction of the moon, which is distant 
less than a quarter-million miles. The moon's 
attraction acts on 


45 . 


moon. These facts, which 
the study of astronomy, 


sea and land alike, 
along the line 
passing through 
4 the centres of 
both earth and 
moon. Along this 
line both water 
and land are, as 
it were, pulled to- 
wards the moon, 
causing a heaping 
up of water on 
the side of tho 
earth nearest to 
the moon, and a 
similar heaping up 
of water on the 
side furthest from 
the moon owing 
to the land being 
pulled towards the 

really belong to _ 

physics, and mathematics [which see], cannot 
well be more simply stated than in this form. 
The student who does not thoroughly under- 
stand them will do so as ho advances in the 
course of 
A 8 T RONOMY. 

All that the 
student of 
geography 
needs to bear 
in mind is 
that the 
m o o n's at- 
traction does, 
in the manner 
roughly de- 
scribed, ga- 
ther the 
waters of the 
earth into a 
double wave, 
with one crest 
on the side 
nearest to the 
moon, and the 
other crest on 
the opposite 
side [ 48 ]. As 
the earth ro- 
tates, this 
double wave 
moves round 
the earth, re- 
taining its 
relation to the moon and the crests and 
troughs alternately producing high and low 
tide. Thus there are two high and two low 
tides daily, at intervals of rather more than 
twelve hours, or half a lunar day. 
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SPRING TIDE. HIGH WATER AT MIDNIGHT 
Spring tides always occur at full or new moon 



The Meeting of the Tides. The attrac- 
tion of the sun similarly’ tends to cause tides, but in 
a much less degree, owing to its enormous distance 
[ 44 ]. When the sun and the moon act in the 
same line, which happens at new and full moon 
[See Astronomy], the highest, or spring tides 

oocur. The lowest, 

- , or neap tides, are 

when sun and 
S moon attract in 
different direc- 
tions and partially 
neutralise each 
other [ 45 ]. This 
happens when the 
moon is one quar- 
ter or three-quar- 
ters full. 

Owing to the 
different distribu- 
tion of sea and 
land, and the 
varying relief and 
depth of the sea 
bottom, which 
causes different 
degrees of friction 
in different parts of the ocean, the tides on different 
shores are by no means uniform. As the ooean 
becomes shallower towards the shore the waters 
become heaped up, often forming tides of great 
height. This is particularly the case when the 
tidal wave is forced up an estuary or other narrow 

opening. The 
incoming tide 
then advances 
like a wall of 
water. Such 
high tides, or 
bores, are seen 
on a huge 
scale in the 
Bay of Fundy 
in Nova 
Scotia, and in 
Hangchou 
Bay in China. 
On a smaller 
scale they oc- 
cur in the 
Severn, where 
the tide rises 
40 or 50 ft. at 
Bristol, in the 
Seine, and 
other Euro- 
pean rivers. 

Where the 
tide enters an 
enclosed sea 
various modi- 
fications oc- 
cur. Thus 
North Sea both 
through the 
the north of 


PROGRESS OF THE TIDES ROUND THE BRITISH COASTS 


the Atlantic tides enter the 
round the south of England, 

Strait of Dover, and round 
Scotland [ 46 ]. The crests of two tidal waves 
meet at the Thames estuaiy, causing very 



high tides, which add greatly to the advant- 
ages of London as a port. On the opposite 
side of the North Sea there are places 
where the trough of one tide neutralises the 
orest of the other, causing no tide to be felt. 
In the Mediterranean, which is practically land- 
locked, the tidal wave is stopped by a sort of 
natural breakwater, and practically no tide is 
felt beyond 
the Strait of 
Gibraltar. 

For the 
student of 
geography 
tides are 
mainly impor- 
tant for their 
influence on 
commerce, 
which will be 
considered 
when we 
reach the 
c o m m e r cial 
side of geo- 
graphy. 

Surface of the Ocean. The surface 
currents of the ocean are caused by the 
prevailing winds which have already been 
described. These tend to pile up the waters on 
the lee side of the ocean and to suck up water 
from lower depths on the windward side. Thus 
the windward side is cooled by the rising of the 
cooler lower waters to the surface and the lee- 
ward side is warmed by the inflowing of the 
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The centre of the eddies lies in mid ocean, about 
lat. 30° — that is, in the high pressure area formed 
in the horse-latitudes. On the equatorial side of 
these eddies the currents move west, driven by 
the trade winds ; on the Polar side they move 
east, driven by the westerly winds ; while on the 
east side they are drawn towards the Equator, 
and on the western side towards the Pole, In the 

circling eddy 
already men- 
tioned [ 48 ]. 
In the south- 
ern hemi- 
sphere, where 
there is a vast 
continuous 
belt of un- 
broken ocean, 
the east-flow- 
ing currents 
unite to form 
acircum-polar 
eddy. Round 
the Equator 
the distribu- 
tion of sea 
and land prevents the development of a similar 
circum-equatorial eddy, encircling the world, 
and breaks it up into the separate eddies just 
referred to. 

The Atlantic Currents. The Atlantic 
is S-shaped, and this causes surface water 
from the southern hemisphere to be forced 
westwards towards the north-east coast of 
Brazil, where it divides, the northern branch 



47 . THE ZONES 
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48 . OCEAN CURRENTS 


surface waters, except where the set of the 
surface currents is towards the Equator. Currents, 
being caused by winds, share in the seasonal 
variations already noticed. 

In every ocean the surface waters are Impelled 
slowly in great eddies, moving, in the northern 
hemisphere, with the hands of a watch, and in 
the southern hemisphere in the reverse direction. 


passing into the northern hemisphere along the 
Guianan coast, both inride and outside the 
American Mediterranean. This current is, of 
course, a warm one. Further north that branch 
which passes outside the West Indies is rein- 
forced by a warm current from the Gulf of 
Mexico, and the united current, known as the 
Gulf Stream, moves flrtt as a perceptible surface 
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stream of warmer water, which gradually becomes 
less and less marked, after which it is called the 
North Atlantic or Gulf Stream Drift When 
this current reaches the latitudes of the westerly 
winds it is carried east towards the Old World, 
where it flows out partly to the south-east, 
forming the Canary current, and partly to the 
north-east by the wide 
passage between Green- 
land and Europe. This 
warm drift serves to 
keep the ports of 
Western Europe ice- 
free in winter even in 
the north of Norway. 

There are two cold 
currents from the 
Arctic, by Davis Strait 
and East Greenland, 
the former reinforced 
by upwolling water, 
forming what is called 
the mid mill , off the 
United States coast. 

Pacific and In- 
dian Ocean. in the 
Pacific Ocean similar 
currents are modified 
by the circular con- 
figuration of that 
ocean. There is no great transference of warm 
water from the southern hemisphere north 
across the equator, and no great north-east 
current penet rating to high latitudes. The 
warm north and north -cast current, known as 
the Kuro Si wo in Japanese waters, is similar 
to the Gulf Stream, but the almost unbroken 
barrier of land to the 
north prevents it from 
penetrating to Arctic 
waters. The northern 
part of the current 
turns north and north- 
west, off tho coast of 
British Columbia, and 
keeps the north-east 
ports of the Pacific 
ice- free. 

In the Indian Ocean 
the land is continuous 
north of the tropio of 
Uuneer, and tho winds 
blow inwards as mon- 
soons in summer and 
outwards in winter. 

India juts out and 
breaks the ocean into 
two divisions, in both 
of which the waters 
circle clockwise in sum- 
mer and in the reverse 
direction in winter. 

Where winds blow- steadily off the land they 
carry the surface waters tiefore them, and these 
are generally replaced by colder water from 
Inflow. Such cold upwellings occur off the West 
Coast of Africa and in similar latitudes in the 
Pacific. 
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Where an inland sea like the Mediterranean or 
Red Sea is hot, and subject to great evaporation 
without many rivers to replace it, a surface cur- 
rent flows into it from the ocean. Inland 
seas, like the Baltic and Black Seas, which 
receive many rivers, may have a surface 
current outwards [48]. New land is formed 
beneath the ocean by 
the accumulation of 
sediment brought down 
by rivers, and is 
gradually pressed into 
a hard, solid form by 
the weight of the 
upper layers. The rate 
of formation is most 
rapid near the shore, 
but may continue 
hundreds of miles out 
to sea, according to 
the sizo of the rivers 
and the set of the 
currents. By a similar 
process the limy skele- 
tons of minute sea 
creatures gradually 
form the rock we call 
chalk. [See page 7.] 
Tho chalk districts of 
Britain must in some 
distant age have been beneath the level of the sea. 

Coral Islands. Coral islands are found 
almost exclusively in the tropics. The living coral 
polyp is a beautiful creature, the soft, fleshy, 
living parts of which resemble minute flowers. 

Coral formations are of two kinds, reefs and 
atolls [«] The former may be either fringing 
reefs, occurring in the 
shallow seas close to 
land, or barrier reefs . 
Barrier reefs occur at a 
distance from the shore, 
where there is a channel 
of shallow w ater. They 
surround many islands 
in the Pacific, and are 
often broken by gaps 
opposite the mouths of 
rivers. The finest ex- 
ample is the Great 
Barrier Reef, which 
stretches for 1,200 miles 
along the north-eastern 
coast of Australia, at a 
distance of from 20 to 
100 miles from ooast 
[50]. Atolls are cir- 
cular reefs, often rising 
from great depths. 
Inside the reefs are 
lagoons of transparent 
green water, fringed 
with white coral rock and sand. Tho coral polyp 
dies at sea-level. All purely coral islands, there- 
fore, are low. The waves break off and heap up 
blocks of coral, which are gradually reduced to 
brilliant white sand, forming an island on which 
w ind-transported seeds take root 


To be continued 
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ELECTROMAGNETISM. 

Forces with which Magnets Pull. Magnetic Curves. Typical Forms 
of Electromagnets* Lifting Magnets used in the Workshop 


By Professor SILVANUS P. THOMPSON 


Properties of the Magnet. Every school- 
boy knows that a magnet will pick up a bit 
of iron and stick to it, and that it will not 
attract silver, gold, copper, tin, lead, or such 
substances as glass, wood, stone, porcelain, 
paper, nor any animal or vegetable products. 
Every schoolboy also know r s that a magnet, or 
a magnetised piece of steel will, if poised or hung 
so that it can turn, point towards the north. 
Anything that possesses these two properties is a 
magnet. 

It is found that magnets can be made either 
of lodes tone — a hard, black oxide of iron found 
in Sweden, Arkansas, and Spain— -or of soir.o 
kind of hard iron or steel. They can also be made 
of the metals cobalt and nickel, which resemble 
iron. No other metals are magnetic to any 
appreciable degree. The magnetism of magnets 
is found apparently to exist chiefly at the ends, 
or /lo/fv* ; the other parts of the magnet show 


can bo cleaned by stirring them well about in 
hot soapy neater, and afterwards washing in 
clean water, after which they should be drained 
dry on a cloth or on blotting-paper. They should 
also be sifted through a pepper-box or a piece of 
coarse muslin, the finest tilings only being kept 
for use. 

If a magnet l)o plunged into iron filings they are 
found to adhere in tufts. Those tufts are chiefly 
on the ends, or polar regions, of the magnet. 
If a tuft l>e examined, it is found that each hair 
in the tuft consists of a lot of filings which have 
arranged themselves as in a chain, and adhere 
together, the end of one filing to the end of the 
next. If the tuft be pulled off the magnet it 
falls at once to dust again. Tut tho magnet 
with its pole or poles upwards, under a 
card or under a china plate, and put a few 
filings on the plate. The filings will stand up 
in tufts over tho place where the magnet is, 
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scarcely any magnetic property on the surface. 
The oldest magnets were natural lodestones. 
To magnetise pieces of steel, it suffices to rub 
them upon the pole of a powerful magnet. If 
the steel ib hard, it will retain a good proportion 
of the magnetism so imparted to it. If the steel 
or iron be soft, it will retain little or none, par- 
ticularly if the piece be short in shape. 

Those who w’ant further information on the 
simple properties of magnets or of the magnetic 
compass should refer to the articles thereon in 
Physics. We can here deal only with a few 
points that lead towards the industrial applica- 
tions. 

Experiments with Magnets. Procure 
a small horseshoe-shaped steel magnet, also 
a bar magnet, and a few bits of iron — as, for 
example, nails. Procure also some clean iron 
filings. The iron filings may be oily and dirty 
as they come from the workshop bench. They 


and if the magnet bo moved the tufts of filings 
will follow it. 

Another experiment is to hang a nail to the 
pole of a magnet, then to hang a second nail to 
the bottom end of the first, and a third nail to 
the second, and so cm, so that they hang in a 
chain. Each bit of iron, in fact, liecomes a 
mugnet while it is under the influence of the 
larger magnet, and will adhere to other bits of 
iron. 

Filing Figures — Magnetic Curves. As 

the attractive force of a magnet is exerted 
more by some parts of it than by others, 
we shall explore the distribution of these forces 
by the aid of iron filings. The chains or fila- 
ments into winch the filings gather themselves 
under the influence of the magnet tend to take 
definite directions. But when these chains, or 
filaments, hang from the pole of a magnet 
or stand upon its surface, their own weight 
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prevents them from assuming their full develop* 
ment. To observe them properly, arrangements 
must be made to relieve them of their weight. 
This is done very simply, by laying the magnet 
down upon actable, then laying over it a flat, 
l thin sheet of oardboard, or a sheet of thin glass, 
j upon whi h the iron filings are sprinkled as 
uniformly as possible, using as a sprinkler a 
pepper-box or a bottle with gauze over the 
mouth. 

When a thin sprinkling of filings has thus been 
obtained, the sheet of card or glass should be 
gently tapped at the comer with a pencil or 
with the finger, when the filings will be seen to 
rearrange themselves in beautiful patterns or 
figures, thus exhibiting to the eye the forms of 
the magnetio curves. Fig. 16 gives, in photo- 
graphic reproduction, the ourves of a horseshoe 
magnet, and 17 those of a bar magnet. 

Cause* of Magnetic Curvea. Now, 
the real point of interest of these filing figures is 
that they map out visibly to the eye the paths of 
forces that would otherwise be invisible ; and 
the mechanioal forces which magnet-poles exert 
on one another are actually exhibited and 
depicted by these magnetio curves. This 
relation will be better understood if we take a 
case in which the mechanical relations are 
already known. It iB one of the oldest known 
facts about magnets that if the north pole — by 
whioh we mean the pole that points northwards 
if the magnet is hung up, or floated, free to turn — 
of one magnet be placed near to the south pole 
of another magnot, they tend to run together 
mechanically, as if they attracted one another. 

In reality, as we shall better understand here- 
after, they are pulled or urged towards one 
another by something that is going on in the 
space in between, and the older writers, who did 
not know about this intervening action in space, 
thought that they attracted one another. To 
investigate the action, lay down two bar magnets 
on the table with the north pole of one near the 
south pole of the other, as in 18, interposing, if 
need be, a small bit of wood to keep them from 
running together. Then place over them a sheet 
of cara and observe the filing figure. It will 
resemble that shown in 18, in which we see that 
the magnetic curves form a series of arching 
lines which start from the surface of uie magnet 
and run across the space to the surface of the 
other. 

Magnetic Lines — Magnetic Field. 

The interpretation of these lines is that 
wherever wo find them crossing any part of space 
there is a mechanical tension of pull exerted 
across that space, the direction of the tension 
being along the lines. In fact, the mechanical 
forces are such as would be exerted if the 
magnetic lines of the pattern could be regarded 
as threads of some stretched elastic substance, 
tending to shorten themselves. In reality, these 1 
filing curves map out stresses in the intervening 
medium. These stresses really exist in the 
neighbourhood of the pole of a magnet, but we 
cannot see them until their existence is revealed 
thus by the sprinkled filings. 

Now, these stresses in the medium that occupies 
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the space between magnet poles exist, whether 
we sprinkle filings about in order to explore 
them or whether we do not. We must therefore 
oonoeive of the space in any magnetic region 
near or between the poles of a magnet as being 
always full of invisible magnetio lines, which run 
in the directions of the forces, and of which tire 
chains of filings are a crude representation. 

We can explore these lines in several other 
ways, one of whioh is to take a small compass- 
needle and place it in the part of space we wish 
to explore, when it will at once turn and point 
along the direction of the magnetic lines, setting 
itself, in fact, at a tangent to the magnetic curve 
.that passes invisibly through its centre. Any 
region of space across which in this way the 
magnetic lines are invisibly passing is called a 
magnetio field . Near the pole, or between the 
poles, of powerful magnets, where the magnetio 
forces are strong, the field is described as being 
very intense , the lines being numerous and close 
together. The whole number of lines that 
proceed out of any magnet pole is called the 
magnetic fiux from that pole. 

Flux-densities. The lines really come up 
through the metal, passing right through the 
magnet itself. The region or part of the surface 
where magnetic lines emerge from the magnet 
into the air is called its north pole. From this 
pole they spread out in diverging or radiating 
directions, then arch round in curves and re-enter 
the magnet at the other region, which is called 
the south pole. Where the lines are very close 
togethor, and the magnetic tension along them 
is strong, the flux is said to be dense. The term 
flux-density is used to denote the number of lines 
per unit of area crossing any surface placed 
squarely across their path. It is, for example, 
quite common in dynamo-electric machines to 
find in the gap that lies between the magnet 
poles and the adjacent surface of tho armature 
a flux- density of 50,000 lines per square inch. 
For the definition of the magnetic line the reader 
must refer to the article on magnetism in Physios, 
or to some book on magnetic units. 

As the magnetic lines run through the bodies 
of magnets and masses of iron more readily than 
through air, it follows that in magnet cores we 
often find very high flux-densities. In fact, cast 
iron can readily be magnetised up to a flux- 
density of about 45,000 lines to the square inch, 
while soft wrought iron and mild steel can 
easily be magnetised up to a flux-density of 
100,000 lines to the square inch. The symbol B 
is in general use to denote a flux-density — that 
is, the number of lines per unit of area. 

Magnetic Pull and Flux-density. 
The mutual pull between two flat magnet 
poles is related to the flux-density in the space 
between them, and depends also on their area. 
It is found by experiment that if different 
flux -densities are tried, the pull increases as the 
square of the flux-density. Suppose that in any 
given case there is a small flux-density, and a small 
pull, then, if we can get double the flux-density, 
the pull will be found to have increased four- 
fold ; and if we treble the flux-density, the pull 
will have increased ninefold. In fact, the pull 



■LSOTRIOITY 


between two flat magnet poles that are near 
together can be calculated by the formula : 

P=B 2 x A + 72,134,000, 
where P is the pull in pounds’ weight, B the 
flux-density in lines per square inch, and A the 
area of surface of each of the flat poles in square 
inches. For example, if we have two magnets, 
each of which has a pole of area 2 sq. in., and if 
the flux-density between them be 25,000 lines 
per square inch, the pull which they exert on 
one another will be 25,000 x 25,000 x 2 -f- 
72,134,000 ; or, working out the sum, we find it 
will be 17*3 lb. The difficulty in using such 


coil of wire. Suppose we procure 100 ft. of 
oopper wire, of the size known as No. 18 
standard wire-gauge. It must not be bare wire, 
but insulated by being overspun with cotton, to 
prevent the spires of the coil from coming into 
contact, and the weight of it will be about 1 lb. 

Let us prepare, as a core on which to wind it, 
a wooden, rod-like, small, round ruler, 4 in. in 
diameter, and a little over 4 in. long. We shall 
need two discs, or cheeks, to be fastened on, so 
as to leave 4 in. length of winding space. A bit 
of brass tube with brass cheeks soldered on 4 in. 
apart will do even better, but if metal is thus 
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calculations is to find out how much B is going 
to be. 

Magnetic Action of an Electric 
Current. All the preceding paragraphs of 
this article have been about magnetism only. 
Not one word has been said about electricity 
or electric currents. If electricity had never 
been discovered, all that precedes about the 
properties of magnets and magnetic lines would 
still be true, for magnetism was discovered 
centuries before the electric current was known. 
And yet, as we must now learn, electric currents 
can be made to act as magnets. 

For this purpose we must construct a special 
2 o 


24. Modem Two-Pole Electromagnet 
26. Iron Core sucked up by Coil 

26. Magnetisation of Iron Ring 

27. Jacketed Electromagnet 

used the winding space should be lined with 
paper before beginning the winding. 

If we wind this wire on such a prepared bobbin, 
we shall find that we shall get about 05 turns of 
wire in the first layer, and if we go on winding 
layers, there will be length enough of the wire 
for about six layers. The ends must be secured 
from unwrapping, and cleaned up so that they 
can be connected to a suitable battery. 

Now, such a coil of copper wire has of itself no 
magnetic properties at all. If we try it, it will 
not pick up a single iron nail, nor act on a 
compass-needle. But if we connect its ends to 
a batteiy so that a current flows along the wire, 
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DIFFERENT FORMS OF ELECTROMAGNETS AN1) THEIR ACTION 

22. Sturgeon’s Bur Electro- 
magnet. 

23. Sturgeon's Horseshoe Electro* 
magn ±t 



and goes therefore circulating round and round 
the core, we shall find, if we try it while the 
current is on, that it is quite a powerful magnet, 
and will piok up nails or tinned tacks, as depicted 
in 19. Directly, however, that we break the 
circuit and stop the current from circulating, the 
coil will cease to act as a magnet. 

Electricity in Circulation. This experi- 
ment has taught us a new fact — electricity 
in circulation is magnetism. For here, without 
having any steel, iron, or lodestone, we have got 
a magnet that will attract bite of iron, and by a 
little experimenting we can easily prove that the 
coil has two poles, one at each end, and that one 
end is a north pole, which will attract the south 
pole of a compass, while the other is a south pole, 
which will attract the north pole of a compass. 
The coil is of copper wire. But it is not the copper 
that does the attracting ; it is the electric 
current in the coil, for the attraction stops when 
the current stops. And if we 'had made our 
coil of silver or gold wire instead of copper it 
would have worked just as well. 

Before we go on, let us give a thought to the 
amount of circulation of current in the coil. If 
we have used only one cell to generate current 
we shall have had but a weak current — perhaps 
less than half an ampere. If we have used one 
good Fuller’s cell, we shall probably have had 
at least 1J amperes. If we use a battery of 
half a dozen Fuller’s cells in series, we shall have 
a bigger current, perhaps 0 or 7 amperes. Of 
cdurse, if wo want to ascertain how much 
current our battery is sending through the coil 
we must use a proper amperemeter. [See How 
to Generate a Current, p. 291.] 

The stronger the current the more powerful 
will the magnetism of the coil l>e. Now examine 
the coil to see how many turns of wire there are 
on it. If there are 6 layers of 65 turns per layer, 
the total numbor of turns will be 390. There* 
fore, the current, whether weak or Btrong, has to 
go 390 times round the core before it leaves the 
coil. Suppose we had been able to get a current 
of 7 amperes from our battery. Then, 7 amperes 
going 390 times round will produce exactly 
the same magnetic effect as 1 ampere going 2,730 
times round, or, in electricians’ language, pro* 
ducing a circulation of 2,730 ampere-turns. One 
ampere-turn means 1 ampere going round once. 
To ascertain the number of ampere-turns in any 
magnetising coil we have to count the number 
of turns, and ol>scrvo the number of amperes, 
and then multiply the two numbers together. 

Magnetic Field of a Current. We 
shall naturally inquire whether or > single turn 
of an electric circuit has any magnetic properties, 
or whether a straight wire along which a current 
is being conducted will act magnetically. A 
straight wire will act in this manner. If a Btrong 
current is sent along a piece of bare copper wire, 
and the wire is laid down upon iron filings, it is 
found that some of them will adhere to the wire, 
not ond-wise in tufts as they do to a magnet pole, 
but sideways, clinging on tangentially. And 
if a compass-netnile is brought near a vortical 
wire that carries a current, it is acted on. 

This action is, however, neither an attraction 
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nor % repulsion, for the needle always tries to 
set itself square to the wire, pointing neither to it, 
nor from it, nor yet along it, bat presenting its 
flank to the wire. The wire carrying a current 
is, in fact, surrounded by a magnetic fluid of its 
own, a field in which the lines are concentric 
circles around the wire, somewhat as in 20, 
constituting a sort of invisible magnetic whirl 
surrounding the current. If a current be carried, 
either in one wire or in a number of wires 
constituting an open coil, over or under a 
compass-needle, the needle at once turns to point 
across the direction of the wires. If a current 
runs from south to north over the compass- 
needle, the needlo is deflected, as in 21, to the 
west. If it runs from north to south over the 
needle, the noodle is deflected to the east. This 
deflection of a compass-needle by the current in a 
neighbouring conductor is the earliest discovery 
in electromagnetism, having been made in 
1820 by Oersted. It is the fundamental principle 
of tbe galvanometer. 

The Electromagnet. It was in 1825 
that the most important departure was made 
in the invention of the electromagnet by 
William Sturgeon. Arago had, indeed, investi- 
gated the magnetic action of coils or spirals of 
wire when traversed by a current, and had found 
that he could magnetise steel compass-needles 
by inserting them into the inside of the coil, 
and then pulling them out again. But it was 
left to William Sturgeon to show that if a coil of 
insulated copper wire be wound upon a rod of soft 
iron, the combination acts as a powerful magnet 
w hen an electric current is sent through the coil. 

This new kind of magnet differed from the 
older permanent magnets of steel, and from 
lodestonos, in the following most important 
respects. First, it was more powerful relatively 
to its size. Secondly, its magnetism was under 
control, for it became a magnet only when the 
current was turned on, and ceased to be a magnet 
— and therefore dropped its load — as soon as 
the current was turned off. Thirdly, it could be 
controlled from a distance, for the switch or 
key by which, when required, the circuit was 
made or broken, might be anywhere in the 
circuit — might be at a distance of many feet, 
or even miles, away from the magnet itself. 
Figs. 22 and 23 are pictures of simple electro- 
magnets such as Sturgeon produced. 

Forms of Electromagnets. Some 
electromagnets are straight bars, and others 
are bent into horseshoe form like 23. A more 
common form — the form largely used in electric 
bells — is that shown in 24, in which the “ horse- 
shoe ” is made of two short iron rods, or cores , 
fitted into a crosspiece of iron called the yoke. 
The advantage of this shape is that the coil can 
be separately wound upon two wooden bobbins, 
in a winding lathe, and these bobbins are then 
slipped upon the cores, and the wires joined up 
to make electrically one continuous coil. 

We have suggested above experiments with 
a coil 4 in. long, wound on a brass tube or a 
wooden rod. The brass tube is preferable, 
because we can now introduce inside the brass 
tube a rod of iron projecting out at both ends, 
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when it will be found, on turning on the current 
to circulate around the cou; that the iron rod 
becomes a very powerful magnet. In fact, 
the electromagnet thus made by the iron core 
surrounded by the copper-wire coil will be 
immensely more powerful as a magnet than 
the copper-wire coil was without the iron core. 

If in this form of apparatus the iron core is 
small enough to slip freely into the inside of 
the coil, it will be observed that, if the current is 
turned on at a moment when the iron core is 
inserted partly into the coil, the coil will suck 
the iron core into the interior. If the coil is 
fixed vertically, as in 2B, over a table, and the 
iron core is made to stand on the table, with its 
upper end within the mouth of the coil, then on 
turning on the current the iron core will be 
drawn up. On switching off the current, the 
core falls down again. 

Experiment with an Iron Ring. For 

this experiment is required a 
ring, such as any blacksmith 
can forge, of soft iron — the 
softer the better — about 10 in. 
in diameter. It should be 
cut into two equal halves, 
and the ends faced off flat. 

There is also needed a coil 
of insulated copper wire, 
which should consist of a 
large number of turns, tied 
with string to hold them 
together, or coiled together, 
the coil being, say, 5 or G in. 
in diameter. 

Let the two halves of tho 
ring be put together, as in 
26, so that tho iron ring 
is interlinked with the copper- 
wire coil, and let the current 
from a battery be now sent 
around the coil. This cur- 
rent, because it circulates 
around the iron, will magne- 
tise it, and the two halves of 
the ring will attract one 
another with enormous force. 

In fact, if the iron has a cross 
section of as much as 1 sq. in. 
only, and the coil carries a 
decently strong current, it 
will be practically impossible 
for two people to pull the two 
halves of the ring apart. 

But if the current is turned 
off, at once the lower part 
of the iron ring will drop off. 

Tractive Force of 
Electromagneta. The 
pull of an electromagnet 
upon a flat piece of iron in 
contact with its polar surface 
can be calculated by the 
formula given above, and as 
the flux-density at the polar 
contact surface of a soft iron 
pole can easily be raised to 
the value B — 100,000 lines 


per square inch, it follows by calculation from 
the formula that the tractive force of the electro- 
magnet may be reckoned at about 140 lb. per 
square inch of contact surface. Thus, an 
electromagnet to lift 1 ton will require about 
15 8q. in. of contact surface. Of course, there 
must be a sufficient circulation of current. To 
give this flux-density to soft iron, when there 
are no gaps in the magnetic circuit, the circula- 
tion to be provided by the magnetising coil 
must be about 80 ampere- turns for each inch 
length of iron core to be magnetised. 

In this ring experiment, if the mean diameter 
of the ring be 10 in., the total length along the 
iron will be about 31£ in., and 80 times 31 £ is 
2,520. We need, therefore, a circulation of 
2,520 ampere-turns. If our battery can give us, 
say, 6 amperes, we shall need a coil of 2,520 6 

~ 420 turns. For then, 6 amperes going 420 
times round, will be a circulation of 2,520 
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ampere-toms, os required. With such a 
magnetising force the flux-density will be about 
100,000 lines per square inch, giving a pull 
of 140 lb. per square inch of contact. And if 
each of the two surfaces has 1 sq. in. of area, the 
total force with which the one half of the ring is 
drawn to the other will be about 280 lb. 

In all this it will be realised that to magnetise 
the iron the electric current never goes into 
the iron at all — it merely circulates around 
outside it. 

If in any apparatus the pieces of iron that 
come into play do not fit together into a closed 
shape — if, in other words, there is a gap, or gaps, 
in the magnetic circuit — then a much larger 
amount of electric circulation is needed to excite 
the magnetisation, since air, or any non-magnctic 
material, has a much lower conductivity for the 
magnetic lines than is possessed by iron. Any 
electromagnet that is intended to pull at an 
armature which is separated from its poles by a 
wide air gap must, therefore, be so designed that 
a relatively much greater quantity of copper wire 
can be wound on its core. 

Lifting Magnets. In the industries advan- 
tage is taken of the great tractive forces 
of electromagnets by designing special forms, 
as lifting magnet*, for handling heavy billets of 
iron, steel plates, and ingots. A simple form of 
lifting electromagnet suitable for holding on 
tight to flat plates or blocks of iron is that 
depicted in 27, consisting of a central iron core 
with an external iron jacket. In the cylindrical 
channel between core and jacket the exciting 
coil is embedded. The author possesses a small 
lifting magnet of this type, weighing 1*7 lb. only, 
and having just 2 sq. in. of surface at the 
working face. The exciting coil weighs only 
5J oz., yet this magnet will hold on to an iron 
block with a force of about 1140 lb. when the 
current is on. 

Fig. 28 depicts a much larger lifting magnet, 
in use by the Lackawanna Steel Company, of 
Buffalo, New York. A magnet such as this 
can be made to pick up a load of several tons at 
a time. Control is by switches, which turn 
the exciting current on and off. 

Electromagnets for Attracting at 
a Distance. Wo have seen that if there 
is a gap be tween the iron and the poles of the 
magnet a much larger amount of electric cir- 
culation will be needed to excite the magnetisa- 
tion than is the case w'here the iron is in contact 
with the magnet. The reason of this is that air 
is a poor conductor for the magnetic flux, because 
if there bo an air-gap in the path of the flux, the 
amount of that flux will be greatly reduoed, and 
hence the pull will t>e greatly reduoed thereby. 

But there are innumerable cases in which 
electromagnets are required to pull at an iron 
armature that is not in contact with the poles — 
cases, in fact, in which the electromagnet is 
employed to produco a movement of some part, 
as in an electric bell, or as in a Morse telegraph 
sounder. 

Now, as a rule, the form of magnet that is 
suitable for the purpose of sticking on tight — as 
a lifting magnet — is not suitable for this other 
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purpose of acting at % distance across an air-gap 
to produce movement. For if the magnetic flux 
must be forced to cross this gap, with a sufficient 
density of the flux to produce a fair pull, there 
must be provided a much greater circulation 
of current — more ampere-turns — than would 
have sufficed to excite the magnetism in a 
magnetic circuit without gaps. Now. if more 
ampere -turns are to be provided, it follows that 
the bobbins, or coils, must have more turns of 
wire, and therefore must either be of greater 
diameter, or larger. They are indeed usually 
larger, and therefore the magnet cores on which 
the bobbins are fixed must be longer. Any 
electromagnet w r hich is intended to puli at an 
armature which is separated from its poles by a 
wide air-gap must, therefore, be designed so that 
a relatively much larger quantity of copper wire 
can be wound on its cores. This accounts for the 
telegraphers’ rule that an electromagnet in- 
tended to reach out into space must itself have 
long limbs. On the other hand, an electromagnet 
intended merely to stick on tight to its load 
may be made of very short limbs of large cross- 
soction. As a very rough rule, it may bo stated 
that for every inch of length that a magnet is 
required to reach across the air to its armature, 
its own limbs must be a foot long. 

Any electromagnet intended to be operated 
with very small currents ought to be wired 
with a coil of many turns of fine wire. 

Electromagnets for Long Lines. In 
tho eases where electromagnets are needed for 
use in sending signals through long linos — over 
distances of many miles — it is obvious that 
strong currents cannot be used, because to carry 
a strong current a thick wire would be necessary 
as the conducting lino, and the cost of the 
copper would lie excessive. Therefore, any 
electromagnets that are to be operated through 
long lines must be wound with many turns 
of fine wire. As an example, the coils inside 
telephone receivers and in telegraphic relays are 
alw ays wound with fine wire, so as to get many 
turns upon the bobbin. 

Current Density in Electromagnet 
Coils. To carry a current of 1 ampere, 
a moderately thin wire will suffice. A No. 20 
standard wire-gauge, the diameter of which 
is 0.030 in., will, without overheating, carry 
more than 1 ampere if used as a line wire 
stretched in the air, and if coiled up in a coil will 
carry 1 amj>ere without overheating. Since the 
currents used in telegraphing are much smaller 
— from 4 to 10 thousandths of an ampere — 
thinner wires than this can be used for the coils 
of telegraph instruments. On the other hand, 
the currents used in electric lighting are much 
larger : ordinary arc-lamps take from 5 to 10 
amperes, and thicker wires are required. In the 
coils of electromagnets, where there is no venti- 
lation to disperse the heat, a suitable cross- 
section to allow for the wire is about ?V ur» or 
of a square inch for every ampere. If the magnets 
are needed for intermittent service only, so that 
they have time to cool, the permissible current- 
density may be at least five times as great as this. 

To be continued 
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PROCEEDING now to a detailed study of in- 
1 versions, we observe at the outset that first 
inversions of every triad in the major scale are 
allowed, while second inversions are allowed (by 
the theorists) only in the case of the tonic, domi- 
nant, and subdominant chords. First inversions, 
as such, are not subject to any restriction, and 
should be used whenever they promote the 
melodic flow of the bass. What we have to 
notice particularly about them affects the ques- 
tion of doubling. As in the root positions, the 
best note to double is the root itself, now the 
sixth from the bass note ; when the context does 
not allow of that being done, then the other 
notes may (sometimes indeed must) be doubled. 
Certain chords, however, are subject to excep- 
tional usages in the matter of doubling. Thus, 
in the first inversion of the dominant triad, the 
leading note of the key is the bass note, and this, 
being a peculiarly delicate constituent, should in 
no case be doubled. The same rule holds with 
regard to the first inversion of the imperfect 
triad on the leading note, where the sixth is the 
leading note and must not be doubled. In this 
chord the bass note should be doubled. 

In the first inversion of all major triads it is 
inadvisable to double the bass note because it is 
the major third to the root. Reducing all this 
to a simple rule which the student can commit 
to memory, we say : In first inversions of common 
chords double either the third or the sixth (the 
original fifth and the root), whichever is most 
convenient, but avoid doubling the bass note. 
To emphasise this to the eye, we quote an illus- 
tration from Sir John Stainer’s Harmony 
Primer : 



The last two chords in each case are, of course, 
in their root positions. 

Second inversions of common chords are 
hedged about with several restrictive con- 
ditions which will at first appear somewhat 


perplexing. Recall the fact that such inversions 
are allowed only on the tonic, dominant, and 
subdominant chords. As regards the second 
inversion of the tonic, itH use is very largely, 
if not mainly, cadential. That is to say, it is 
a determining factor of the perfect or the 
imperfect cadence. Thus at a we see it in 
the perfect, at b in the imperfect cadence. 


(a) lb) 



In both cases the same bass note (G) bears 
two different chords — first, the second inversion 
of the tonic, and second, the dominant in its 
root position. This is quite “ the most usual 
way of following the second inversion of the 
tonic,” in which, by the way, the bass note 
is nearly always doubled. 

The second inversion of the dominant, with 
the supertonic in the bass, is less restricted in 
its use, though it is generally both preceded and 
followed by the tonic chord or its first inversion. 



It should be approached and quitted by step, 
and the bass note may or may not be doubled, 
according to convenience. The sixth from the 
bass, being the leading note, must never be 
doubled. 

Of the second inversion of the subdominant 
there is little to say, except that it is preceded 
by its own chord in the root position and 
followed by the tonic triad, thus : 
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In this way it may be regarded as a sort of 
ornamentation of the plagal cadence, already 
described. , 

The subject of discords and how to treat 
them is so vast that only its fringes can bo 
touched here. The student already knows 
what a dissonant interval is. When such an 
interval is introduced into the common chord, 
the result is a discord. The common chord, 
we have seen, is a combination of two thirds, 
one placed above the other. If we add still 
another third, we immediately produce a dis- 
cord, for the added note is a seventh from the 
root, and the seventh is a dissonant . interval 
Chords of the seventh may be formed on every 
degree of the scale, as here : 



Of all these, the chord of the seventh on the 
dominant is the most important, inasmuch as 
from its combining those sounds which do not 
belong to any other scale it decides the tonic 
harmony Thus in the above example, the fifth 
chord could not possibly be in any other key 
than C. Take it into the first sharp key (G) 
and you have to sharpen the F, into the first 
flat key (F) and you must flatten the B. The 
student should therefore master this chord 
before attempting to deal with other chords 
of the seventh. 

Prior to a study of the chord itself, we must, 
however, lean* of two essential conditions 
attendant upon the use of discords. These 
conditions are (1) that the dissonant interval 
must be prepared , and (2) that it must be 
resolved. By preparation is meant the use 
of the coming dissonant note as a consonance 
in the previous ohord, generally, too, in the 
same part. By resolution, again, is understood 
the passing of the dissonant note to a concord 
in a regular defined way. Thus, in the following 
illustration, tho dissonant F in the dominant 
seventh is “ prepared ** by being struck as a 
consonance in the previous supertonic chord, 
while its “ resolution ” follows naturally upon 
the E of tho tonic harmony : 



The resolution of all discords whatsoever 
is imperative. Such resolution may indeed 
be delayed, and it may be irregular, but “ the 
feeling of rest in a concord must follow sooner 
or later.** The law as to preparation is not so 
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strict. Dominant discords, for example, are 
allowed without preparation, and there are 
other exceptions. For the present the student, 
if he makes exceptions at all, should except 
only the dominant discords. 

Now we will look at the dominant seventh. 
We have said that here the seventh need not 
be prepared. How, then, is the chord resolved ? 
In the natural resolution the seventh descends 
one degree ; the third, as leading note, ascends 
one degree ; the fifth either ascends or descends ; 
and the bass proceeds to the tonic by asoending 
a fourth or descending a fifth, thus : 



There are other “ resolutions ** — for example, 
on the triad of the submediant ; on a second 
inversion on the same bass note ; and on one 
of the dominant seventh’s own inversions. In all 
these cases, however, the seventh must descend 
one degree, and the leading note (except in 
the last ease) rise to the tonic. When it is 
necessary to omit some of the constituents of 
the dominant seventh, the fifth and eighth of the 
bass may, with least consequence, be omitted. 
Neither third nor seventh ought ever to be 
omitted ; nor should these intervals be doubled, 
for, having a fixed progression assigned to them, 
thoy would, if doubled, make consecutive 
octaves. The dominant seventh has, of course, 
three inversions, all of which are in frequent 
use. 

With regard to chords of the seventh on the 
other degrees of the scale, the essential thing 
to remember is that they demand the regular 
preparation of the dissonant note ; which, 
again, must always be resolved by descending 
one degree. The bass, in all ordinary cases, 
ascends a fourth, or descends a fifth. These 
“ secondary sevenths,” as they arc sometimes 
called, are not extensively used. That on the 
supertonic is the one most frequently met 
with, and, among the inversions, the first is in 
most general use. Some theorists disallow 
the second inversion entirely. 

The dominant chord bears out its name in 
many ways. Thus, it forms the foundation of 
the elaborate dissonances of the ninth, eleventh, 
and thirteenth, in addition to the seventh already 
considered. These chords are formed by a con- 
tinued superimposing of thirds, as thus : 



Their introduction should be left to advanced 
students of harmony. Two very important 
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chords derived from the dominant seventh must, 
however, be noticed here — the chorda of the 
diminished seventh and the augmented sixth. 
The first may be produced by taking any chord 
of the dominant seventh, and raising the bass 
a chromatic semitone, as here : 


Dominant Diminished 

seventh seventh 



I 


Without Suspensions 



1 



With Suspensions 
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All three inversions of this chord are freely 
employed. The chord of the augmented sixth 
is found on the submediant of the minor key. 
It has three forms, known respectively as tho 
Italian, the French, and the German sixth. We 
give an example of each : 


Italian sixth French sixth tier man sixth 
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In the case of the German sixth, it will be ob- 
served that it is necessary to introduce a second 
inversion previous to the resolution, in order to 
avoid consecutive fifths. A very great deal 
might Tx? said of these beautiful chords and 
about others derived from them, but it will 
be enough for the student to become familiar 
with them on paper and by car. 

A word or two about suspensions, so called: 
A suspension occurs when a note (there may 
be two notes) of one chord is carried into the 
following chord. Thus, if wo write 


we have what is technically termed a suspension 
of 9 to 8 — that is, a ninth (D) above the bass 
passing to the octave or eighth. The most 
common dissonances of this class are the ninth 
suspending the eighth, the seventh suspending 
the eighth, the fourth suspending the third, and 
the sixth suspending the fifth. This will be 
made clear by comparing the following descend- 
ing melodic phrase, accompanied with its 
fundamental bass, first without and then with 
suspensions. 


The ninth and fourth should generally he 
prepared, the first by third, fifth, or sixth, the 
s ( ond by any concord. The ninth ought never 
to be prepared by the eighth, otherwise con- 
secutive eighths would occur. When the bass 
is suspended, the suspension is often termed 
anticipation , but the distinction seems pedantic 
and unnecessary. 
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So far, the harmonics considered have intro- 
duced no notes but those essential to the 
respective chords. We have now to notice the 
case of unessential notes, incidentally thrown 
in iK'tween one; chord and another. These are 
known as passing notes. They may be defined 
very shortly as scale sounds lying t>etw<x*n notes 
essential to tin; harmony hut not themselves 
essential. Their nature will lx? readily under- 
stood from this illustration, where the passing 
notes are marked x : 


I x .i J X J I x . x 

•> — f — f r ^ 

| | i etc. 

^ ^ 'S' 




The purpose of such harmonically unessential 
notes is to impart variety, brightness, and 
continuity of movement to a pari or parts. 
Generally they are taken st the unaccented 
portion of the beat, though there is no rule 
prohibiting their use at the accented part. 
Sometimes they are approached by a skip ; 
but m any case it is advisable that th**y should 
move upward or downward, according as they 
are approached from below or from above. 
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They can be taken in two or more part* at a 
time,, but in that case they must either be 
consonant with one another, or, if dissonant, 
must move in contrary motion. Sec*, in 
illustration of these points, the following bars 
from a chorus of Handel, the passing notes 



out it. 

What are termed by some writers harmonic, 
bi/tone* are often classed with passing notes. 
They serve, indeed, practically the same purpose, 
but they belong to the chord in which they occur, 
and have therefore no theoretical connection 
with the passing note strictly so called. Here 
are examples, the second crotchet being in all 
throe cases the by tone : 



These bytones being actual constituents of the 
chord, the student must take care that, in 
introducing them, he does not leave the chord 
without one of its essential notes. Thus, if 
the B in the treble of the above illustration had 
not been introduced as a companion to the 
D of the tenor, the chord would have been 
bereft of its third, and that third the leading 
note too. 


We must now say something about modulation. 
By this term is understood the passing from 
one key to another. Few compositions, 
however short, remain in the original key 
throughout. They would be very monotonous 
if they did ; the ear demands a change of tonality. 
Modulation is entirely a matter of harmony. 
A melody may imply a change of key, but no 
actual change can be effected without attendant 
chords. The modulations most frequently 
introduced are those by which the music is 
taken into the keys of the dominant or sub- 
dominant, as from C to G or C to F. Such 
modulations can all be brought about by very 
slight changes in, or additions to, one or other 
of the chords of the original key. Thus, 
take a modulation to the subdominant as at a. 
Here we have simply to add a minor seventh 
to the tonic, which latter thus becomes the 
dominant of a new scale, the scale of F. Again, 
at 6 a modulation to the dominant is easily 
and naturally effected by making the third of 
the chord of the supertonic of the original scale 
major and adding a seventh to it. Once more, 


(a) 



we may modulate into the relative minor, as at 
c, by making the third of the chord of the 
mediant major and adding to it a seventh. 

It is now that the student will come to realise 
the great value of the dominant seventh, for it 
is by this chord and its inversions that the very 
lurge majority of modulations are managed. The 
old tonic becomes the root of the new dominant 
seventh, and by the fixed resolution of the latter 
we are brought into the tonic harmony of the 
new key, which is thus at once established in 
the ear. There is no more obvious, more rapid 
way of effecting the commonest modulations 
than by this all-important chord. Of course 
there are many uncommon and abrupt modu- 
lations, and every modulation, common or 
uncommon, admits of great varieties of treat- 
ment. 


To be continued 
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building drainage applied to building 

4 Pipes. Channels. Traps. Yard and Special Drainage Systems and Materials. 

Continued from Water Gullies. Road Gullies. The Work of the Drainlayer 


By Professor R. ELSEY SMITH 


Objects of Drainage. The objects to 
be arrived at in a modem system of drainage 
as applied to individual buildings are (1) to con- 
vey away the sewage without any risk of 
contaminating the land through which the drain 
is carried ; (2) to ensure that the whole system 
is one that shall be self-cleansing and shall be 
effective even under the conditions of complete 
want of attention which usually prevail ; (3) to 
provide means of ascertaining readily the causes 
of any interference with the regular working 
of the system and for promptly dealing with such 
interference ; (4) to provide against the possi- 
bility of introducing into the building by means 
of the system of drainage the poisonous gas 
generated in the sewers and cesspools, and even 
to some extent within the system itself. 

These arc the most important requirements 
which must be borne in mind in dealing with a 
system of drainage, and to provide for meeting 
them, not only good design, but the best 
materials and workmanship are essential. The 
teste applied to a drainage system are properly 
severe. The work is almost entirely buried out of 
sight, and in most eases, unless a defect shows 
itself, it receives no attention from year's end to 
year’s end, and it is therefore of the highest 
importance to secure conditions that shall he as 
good as possible. 

The drains of an ordinary building consist of 
a series of tidies through which the matter to 
be conveyed flows until it is discharged into a 
public sew’er or cesspool, or is distributed over 
land or otherwise dealt with. [For treatment of 
sewage, see Civil Engineering.] 

System and Materials. There is often 
a double system of such tubes, one of which 
is reserved for water which is clean and practi- 
cally free from solid matter or contamination, 
and usually consists principally of the rain- 
water collected from the roofs of any building ; 
these are described as rain-water drains. The 
other receives all foul water, including the dis- 
charges from water-closets, urinals, sinks of all 
kinds, and bath and lavatory wastes, all of 
which contain putrescible matter and are liable 
to rapid decomposition and to generate a gas 
known as sewer gas, highly injurious to health. 
These are generally classed as soil drains, a term 
more particularly applied to those conveying 
discharges from water-closets. The circum- 
stances of various buildings differ widely, but 
whether an isolated country house or a town 
building is to be dealt with, certain principles 
must be observed, and the actual methods of 
construction are to a large extent identical. 

The materials used in the It ymg of a drainage 
system are to a considerable extent ordinary 


building materials. Hie preparation and laying 
of concrete has been already dealt with. Certain 
work in bricklaying must be referred to, but for 
fuller explanations of the bricklayer’s work see 
Bricklaying. The materials now to be con- 
sidered are those employed in the actual forma- 
tion of the drains — pipes, channel*, bends , traps 
of various forms. [For the construction of large 
sewers and conduits, see Civil Engineering.] 

Pipes. These must be straight, true in 
section, absolutely impervious to water, not 
easily liable to fracture, and of material that 
will not be affected by the acids contained in 
the sewage, and the inner surface must t>e 
perfectly smooth and offer no obstruction to the 
flow of its contents. It is desirable that the 
diameter of the pij>e should l>e as small as possible, 
provided it is adequate to the maximum flow, 
so that at periods of minimum flow the depth 
of water in the pi|>e compared with the area 
of that part of the invert covered by it, descril>ed 
as the wetted perimeter, should be as large os 
possible. The materials used for such pipes arc 
c {lazed stoneware, glazed earthenware, and glazed 
terra cotta and cast iron. The various forms of 
earthenware pijx's referred to arc all similar 
in form [for manufacture, see Tottery], and are 
almost always salt glazed. They arc usually 
about 2 ft. long [12], One end is formed with 
a socket to receive the other, or spigot end. 
of the next pi}>o. The outer surface of t he spigot 
and the inner surface of the socket have, as a 
rule, fine annular channels formed on them, 
their purpose being to assist the adhesion of the 
cement. 

The internal surface must lx^ thoroughly glazed, 
and free from all excrescences and roughness 
which would check the flow of sewage, and pipes 
should be inspected to ensure this. A slight 
roughness or projection in one spot need not 
necessarily lead to condemning a pipe;, but care 
must be taken to see in laying that such defect 
is placed not in the invert, but at the top of the 
drain. Such pipeR are made of various diameters, 
from 3 in. upwards. The thickness of tin* material 
in stoneware pipes is usually y 1 ,’. in. for 4 in. 
pipes, ] 1 in. for 6 in. pijies, and beyond this 
size ^ of the diameter. There are some varia- 
tions from the general type. Taper pipes are 
formed which are regularly reduced in diameter 
from one end to the other [16], and may have the 
socket formed on either the large or the small 
end. Cleansing pipes [17] are <m >loyed for 
building into manholes that are rot fitted with 
traps, but have a kind of hood-shaped enlarge- 
ment formed at one end, increasing the vertical 
but not the horizontal diameter to facilitate the 
introduction of cleaning rods. 
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A rougher class of pipe is used for land 
drainage, where the important consideration is the 
collection and removal of water which percolates 
through the ground, and which is not con- 
taminated with sewage. 

Those are known as agricultural drain-pipe s t 
and are short tubes from 2 in. to 6 in. in diameter, 
formed of burnt earthenware, without sockets, 
and unglazed. They are laid end to end, and 
are not jointed. Their purpose is to give free 
passage to the water collecting in the trench 
in which they are placcal, and which can enter the 
pipe at any joint. They are sometimes used 
for passing water collected by embankments 
through the baso of the wall to tho front, and 
for this purpose are emlx'dded in tho "concrete 
or masonry, and are known as weeping pipes. 

Bends. These aro pipes so formed as to 
change tho diroction of the axis of the pipe. 
They are made to a great variety of curves, 
from a quadrant [18] to a very flat bend. They 
should not l>o used in soil drains, but may, if 
necessary, bo used in rain-water drains. 

Junctions. Various forms of these are 
manufactured. They may be Y -junction, single, 
or double [19], and they may be arranged so 
that tho inlet joins tho main pipe at various 
angles ; but it is undesirable that the angle 
between the axis of tho two drains should 
exceed about 45", and right-angled junctions are 
not tolerated, as nothing is more apt to produce 
an obstruction in tho drain. Junctions are 
often made t>ctwocn pipes of different size — e.g. % 
one of 4 in. diameter may join one of 6 in. 
Junctions, like bonds, should only be employed 
for rain-water drains, and not for soil drains. 

Channels. These aro open pipes [20] ; 
usually semi-circular, and with half-sockets. 
They are used sometimes for the conveyance of 
surface water at the ground level : in a drainage 
system their special use is to enable junctions 
to 1)6 made between various soil drains. The 
manner of using them will bo more fully described 
in connection with the construction of manholes. 

Taper channels are formed in a manner 
similar to taper pipes. Bends are also formed 
in channels [18], and for some forms of bend tho 
section, instead of being semi-circular, is a full 
three-quarter circle [20]. There is a much greater 
variety in the form of channel bends than of 
pipe l>en<is, as in somo cases it is necessary in 
forming manholes to bring in a branch drain from 
a direction that will require tho flow of the con- 
tents to be almost reversed in the manhole [20], 
and it is mainly in the ease of such bends 
that three- quarter channels are required, the 
outer side of the bend being covered in to 
retain the flow of water in the channel, which 
without such protection would tend from its 
own velocity to overflow it, and deposit any 
solids on the sides of the manhole. For 
this extreme case, bends of a great variety of 
radius and of different lengths may be procured 
to fit almost any angle at winch a drain can be 
received, a Blight adjustment being always pos- 
sible. The upper end of any channel is provided 
with a socket, and is at right angles to the axis 
at this point, but the lower end is splayed so as 
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to be parallel to the axis of the centred channel 
where it is employed to form a junction. 

Traps. These are devices to prevent the 
return of the sower gas from the sewer to the 
building. The earliest [21] form consisted of a 
small chamber in the line of the drain sunk 
below its general level, with a diaphragm fixed 
across it extending from the top of the chamber 
to below the level at which the water would 
stand in it. A barrier is thus interposed, closing 
the upper part of the chamber and the drain 
above it against any return of an air current, 
while not preventing the flow of the sewage 
underneath the diaphragm. This was known as 
a dip trap. If well constructed, it was efficient 
so far as its spocial purpose was concerned, 
but had various drawbacks — it checked the flow 
of the sewage, and solids wore apt to be deposited 
in tho chamber and block it, and it was not easy 
to make, and keep it, air-tight. Such traps are 
no longer used, but the principle of tho dip trap 
is employed in all forms of traps, the essential 
feature being the interposition of a barrier in the 
course of the pipe that will, under ordinary 
conditions, prevent the return of air up the pipe. 
Such traps, however, are now formed of the same 
material as the pipes, and though some of them 
are made in more than one piece, the portions 
containing tho barrier between the outlet and the 
basin, in which water always stands, are of a 
single piece. 

The barrier is formed in various ways in 
different traps, but always extends below the 
level at which water stands in the trap ; the 
bottom of the outlet is arranged at a higher level 
than the bottom of the barrier. The pipe is thus 
actually closed or sealed by the body of water 
always standing in it against the upward passage 
of air or gases, while allowing wator or sewage 
to flow through it. The depth to which this 
barrier penetrates below the surface of the 
standing water is referred to as the depth of the 
water seal. 

Modern Forma of Trap. The modern 
forms of intercepting trap [24] are made by 
introducing into the length of the pipe a bend 
of such a character that the upper part of the 
pipe dips below the water-level forming the 
seal, while the lower part of the pipe forms a 
basin to retain the liquid. The lower end is 
formed with an ordinary spigot to join the drain 
below ; the upper end has a half-socket to 
receive the channel. The upper half above the 
seal usually dips sharply ; the lower, or outlet 
half has a more gradual rise, the object being 
to interpose as little check to the flow of the 
sewage as possible; and where the conditions 
of tho drainage system permit, the upper side 
may have a cascade formed by keeping the 
inlet at a higher level than the outlet, so that 
the flow is discharged into it with a slight 
imj>etus. 

The form of the trap makes it impossible to 
introduce a cleaning rod through the trap itself, 
and an upper arm is provided for this purpose. 
This is carefully closed when not in use, or the 
utility of the trap would be destroyed ; but the 
stopper closing it may be attached hy a chain 
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to the upper part of the manhole, so that, several pipes. Gullies which are formed of 

should the trap become stopped and the man- two or more pieces must be jointed. The upper 

hole filled with sewerage or water, the plug may part is adjustable to the pipe, the lower part to 
be withdrawn and the chamber emptied. the drain. 

Such an intercepting trap is used in a drainage Yard Gullies [26] and Surface Water 
system at or near its termination, before it enters Gullies. These differ from the ordinary 
the sewer or cesspool, to intercept the return of g U Hy i n the manner of forming the seal and 
Bewer gas. Various makers manufacture them in the form of the bottom ; this is made deep, 
in a variety of forms, but the essential as de- and the outlet is kept near the top so that the 

scribed above should be found in all of them. body forms a catch pit which will retain any 

The Problem of Back Flow. It sand, gravel, or other solid material washed into 
happens occasionally that a drain is subject to it during heavy rain, and prevent it from 
a back flow of water or sewage from the sewer. passing into the drainage system. Such gullies 
This may arise when the outlet discharges into arc often provided with metal receivers fitted 
a tidal river at times of exceptional tides, or, in w ^h a handle ; these are placed in the bottom 
the ease of a sewer l)eing of inadequate size, on and receive any solids, and can be lifted bodily 
the occasion of exceptionally heavy rain. This out, emptied, and replaced. The lower part of 
is not easily dealt with ; no form of check that the gully *uay he made deep and of consider- 
does not act automatically is of any great value able capacity, and the water seal should also 
in most eases. he deep, as in dry weather such gullies are very 

Flaps are sometimes placed at the outfall of a liable to lose the water which forms the seal by 
drain [22], which, on any hack pressure arising, evaporation. 

should close the outlet till such pressure is re- The Road Gully [29]. This is a variation 
moved ; but this must he applied in the sewer, nf the form of gully last described, and has a 
and in small sewers it cannot always be adopted. very large body or container sunk deeply below 
A form of trap designed to meet- such cases is the the trapped outlet, and capable of holding a 
ball trap [23]. This is provided witli a hollow considerable bulk of material crashed from the 
metal ball that, under ordinary circumstances. road surface. These are usually emptied periodi- 
leaves the orifice free, but if any back pressure cally by means of long-handled scoops, 
arises is lifted by the returning water and is The use to which scullery sinks are put 
pressed against and closes the orifice. This results in the discharge of a great deal of greasy 

device is open to the objection that the orifice, matter into the drains. When this leaves the 
or the ball, may become' somewhat foul from the sink it is often quite hot, but on being discharged 
sewage, and may not (dose properly, but it has into the water standing in a trap it becomes 
been found efficient in many cases. The ball is chilled, the grease congeals, and is very liable to 
sometimes hung with a hingod joint from the foul the drain which carries it off, adhering to the 
top, and in some cases is loose, the trap being de- sides and decomposing. To meet this difficulty 
signed so as to guide it into position when floated. grease traps are provided. 

Gullies. Traps are required in many other Grease Traps. The object of these is to 
dtuations,and take various forms. Those termed retain the greasy matter in the trap till it has 
gullies are intended to receive the discharge congealed. To achieve this the body of the 
from sinks and rain-water pi jk' 8, yards, paths, &c., trap is made large, so that a considerable bulk 
and are open to the air at the top. Their object of water is retained in the trap and is always 

is to prevent any pipe which is connected with cool or cold. The outlet is considerably below the 

the inside of the building, or the top of which surface. The grease, on entering the trap, rises 

terminates near a window, from having a direct and collects on the surface, and there congeals, 
connection with the drains. The discharge There are two methods of disposing of this 
may take place above a grating placed at congealed grease. The first is to provide a form 

the top of the gully [26], but this grating of tray that can bo lifted out, bringing out the 

may get stopped through the deposits of grease, which must be burnt or otherwise dis- 

solids in the discharge itself, or through an posed of [28]. There is, however, a great proba- 
accumultttion of leaves, or to some accidental bility that the duty of regularly cleansing out 
circumstance, and the discharge will then such a trap will be neglected. The more satisfac- 
not enter the drain, but overflow around tory method is to supply a trap provided with a 

it and soak into the ground. Pipes should flushing rim [27], suen as is found in the pan of a 
therefore discharge into a gully below the level water-closet, and to connect this with a tank 
of the grating, a small pit being formed, if which discharges automatically at fixed periods 
necessary, for this purpose and covered with a a considerable body of water into the trap through 
grating. For many pipes a good method is to the rim, and which completely flushes out the 
connect the ends directly to inlets provided at the trap, breaks up the congealed grease, and carries 
back or sides of the body of the gully. the whole through the drain with the flush of 

Some makers provide gullies with extending water. The amount of water used each time 
pieces [27], so that the gully may be sunk to is determined by the size of the cistern, and 
any required level below the ground. Such depends upon the use which is made of the trap, 
pieces may each have one or more inlets provided, The frequency of the discharge is capable of 
so that the gully may receive the discharge from regulation. 

To be continued 
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The Most Promising Branch of Municipal Work. Tramways 

Continued from page 40ft 

Department. Theoretical Qualifications. Well-paid Municipal Offices 

By ERNEST A. CARR 


-aw study of the various branches of 
municipal engineering has as yet been re- 
stricted to the borough or county engineer’s 
department, and to that of the surveyor. To 
complete the task, we have to consider the three 
special classes of engineering associated with the 
municipal supply of electricity, water, and gas. 
In the larger boroughs each of these forms a 
separate department of the staff : in others 
they are under the general control of the surveyor 
or engineer. 

Electrical Engineers. “ Which do you 
consider the most promising department of 
local government work for a youth to enter ? ” 
was lately asked of a borough official of high 
standing and of many years’ experience. His 
answer was a model of terseness : “ The 

electricity branch.” Another expert, to whom 
tho same query was addressed, replied : “ Un- 
doubtedly the engineering, especially electrical 
and traction.” 

Tho reasons for these replies are not far to 
seek. The application of electricity to the 
public service has proved of immense value, and 
is developing with startling rapidity. During 
the last 10 years the income of local authorities 
from electricity works has increased 800 per 
cent., and from tramways (chiefly electric) no 
less than 2, 5(H) per cent. ! A network of munici- 
pal tramways, telephones, and electric lighting 
systems is fast overrunning the busier districts ; 
new r departments are formed, often with a large 
staff to work them, and with each fresh develop- 
ment the scope afforded to capable engineers is 
enlarged. 

As yet, indeed, the demand for highly trained 
electrical engineers has been equal to the supply 
— a surprising state of things when we consider 
the congested state of the labour market 
generally. In a few years’ time matters will 
doubtless have adjusted themselves, and only 
the possessors of recognised diplomas will be 
selected for chief appointments. Meantime 
such posts are often awarded — notably in the 
tramway works — to men who have proved them- 
selves practical experts, but whose paper qualifi- 
cations are of the scantiest. 

Liberal Remuneration. Afurther attract- 
ion is the marked tendency of local autho- 
rities to deal liberally with their electrical engi- 
neering staff. Nor is the tendency surprising, 
for electric works are often not only very suc- 
cessful in themselves, but highly profitable to 
the ratepayers. Thus, in a single year’s working 
the electric trams in Manchester earned a net 
profit of £120,950 ; in Glasgow, £93,257 ; and in 
Liverpool. £32,081. On electrical works gener- 


ally, excluding tramways and their huge gains, 
no fewer than 115 f-owns that year made a profit, 
great or small, amounting in "all to £430,000. 

For such satisfactory results — the more 
satisfactory because obtained in spite of high 
wages and low charges — credit is chiefly due to 
the various electrical staffs. It is only just, 
therefore, that their services should bo liberally 
recompensed. This striking passage from an 
utterance of the Lord Provost of Glasgow 
applies with particular force to such work as 
theirs : “It will be an evil day for tho munici- 
palities when those who are the captains of 
their great departmental industries are not 
rewarded with material recognition on a scale 
adequate to the services rendered.” 

Principal Appointments. The larger 
boroughs owning important electrical works 
place these in charge of a chief electrical engineer. 
Where a tramway service is included, his post 
is both lucrative and very responsible. In any 
event he ranks among the* best-paid members of 
the staff. 

A successful officer of the front rank must 
have had a sound scientific and practical 
training in electric and mechanical work, and 
especially in traction, lighting, and permanent- 
way engineering. He should, further, be a 
man of energy and ideas, with good organising 
powers, who is in touch with every new scientific 
or commercial development that may affect his 
work, and competent to give advice on questions 
of principle, and on the many types of electrical 
apparatus in the market. The engine-house, 
power-station, and sub-stations are under his 
control, with their boilers and superheaters, 
generators, dynamos, batteries, switch gear, and 
every other item of the service system — and 
perhaps the dust destructor also, as a source of 
useful heat. In brief, he must be a shrewd, 
practical expert in every method of generating, 
transmitting, and distributing electrical energy. 

Tramways Engineering. In many 
boroughs the electrical engineer’s duties are 
combined with those of tramway manager. Other 
authorities keep the two posts distinct. The 
latter office, however, is in itself an engineering 
appointment, though the standard of training 
exacted is not always high, and many duties of 
supervision and business detail are- added. For 
either post the salaries paid range high wherever 
the electric traction is considerable ; and we 
may conveniently discuss both positions together. 

London’s tramways manager receives £1,500 
a year, and its chief electrical engineer £1,000. 
The Manchester Corporation pays each of these 
officials £900, and the tramways electrical 
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engineer £300 ; while the manager of the city 
traction at Belfast receives £1,250, to be ulti- 
mately increased to £1,500. A chief electrical 
appointment of average value is probably that 
of Newcastle-on-Tyne, which begins at £700 
a year, and increases by £50 yearly to £800. 

Smaller electric services naturally involve 
lesser stipends. Thus, in two London boroughs 
(neither, of course, owning tramways) the 
commencing salaries of the electrical engineers 
are £000 and £400 respectively, and at Bourne- 
mouth also the latter figure is paid. Similarly, 
the sti)>ends of the tramway managers at 
Brighton, Huddersfield, and Leyton are re- 
spectively fixed at £300 (rising to £400), at £350, 
and £300. 

Chief engineering posts under the minor author- 
ities — tho tramlcMs small towns and busier urban 
districts — are scarcely of professional rank. 
They often involve merely the charge of a 
small lighting station and a working staff. The 
salaries paid vary from £150 to £400, according 
to the plant and electrical output. 

Consultant posts in municipal electric engi- 
neering may bo dismissed in a few words. 
Consulting engineers are recognised experts 
in private practice, who are retained by local 
authorities to advise their engineering stall in 
the execution of electric works. They are 
remunerated either by fee or at a “ retainer,” 
which may be £150, £300, or £500 a year, 
according to the nature of their services. 

Qualifications. A good many of the fore- 
most electrical positions in tho municipal ser- 
vice are hold by graduates in civil engineering, 
and by Associate Members of tho Institution of 
Civil Engineers. Tho diplomas of tho Institution 
of Electrical Engineers — M.I.E.E. and A.M.I.E.E. 
— arc at least as frequent, and are sometimes 
coupled with, thoso of tho Institution of Mechani- 
cal Engineering. [Sco Engineering.] Other 
officers— and those by no means the least capablo 
— can boast no higher oertilicate than those of the 
Board of Trade, or the City and Guilds of London 
Institute — for the councils making appointments 
naturally pay more regard to a candidate’s 
proven record in practical engineering than to 
the regularity of his training ; and some of the 
engineers in charge of small undertakings may 
be said to have graduated in the municipal 
workshop. 

Especially is this true of oertain of the semi- 
professional posts already discussed — such as 
tramways manager, or manager and engineer 
jointly, to the lesser authorities. In some 
instances the manager has been selected from 
the working engineering staff, and in others by 
promoting a traffic superintendent who had 
qualified by supplementing his working know- 
ledge of tramways with such evening studies 
as he could pursue. 

The Need of Scientific Training. 

To have been successful under such arduous 
conditions reflects the greater honour on the 
men who accomplished the feat. We arc con- 
sidering the service, however, from the stand- 
point of the prospective candidate. It is, 
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therefore, essential to bear in mind that, despite 
occasional successes of this character, the need 
of some scientific training in competing for 
electrical and tramway appointments is already 
great, and rapidly grows greater, and that to 
omit any available chance of thus qualifying is 
simply to handicap oneself severely in the 
contest. 

Experience in municipal or private electric 
traction and lighting remains, of course, the 
supreme recommendation. It is noteworthy, 
therefore, that a number of borough electrical 
onginoers receive articled pupils who have 
passed through a technical school, the premium 
charged varying between 30 and 150 guineas. 
On expiry of tho articles, a post as assistant on 
tho electrical staff of a local authority should be 
readily obtainable ; and from that position the 
way to a diploma and a chief appointment is 
hard, but fairly direct. 

Aasistantahips. There are a great many 
subordinate posts other than assistantships 
proper in tho electrical department of a busy 
corporation. Many of these are worthy of the 
attention of fully trained men who wish to 
obtain a footing in the service with a view to 
a principal enginoership. Others are within the 
Reope of a clever, hard-working mechanic. 
Mains engineers and surveyors receive from 
£275 to £350, permanent-way engineers about 
£300, and the resident engineer attached to 
each station earns tho same salary, or a little 
less. Assistant engineers of professional (as 
distinct from working) grade receive from £100 
or £120 up to £350, according to thoir degree of 
experience and training. The London County 
Council lately offered a number of vacancies at 
£305 a year for “ fully competent engineers, 
with good experience in the design and con- 
struction of the permanent way and general 
arrangement of electric tramways on the conduit 
and on the overhead systems.” 

Shift engineers, mains superintendents, and 
working engineers-in-charge, are paid between 
£150 and £220. For the rank and file the 
following rates of pay may be taken as typical : 
Foremen, £2 15s. to £3 15s. a week ; working 
engineers and electricians, £2 2s. to £2 15s. 

A Diploma a Strong Recommenda- 
tion. The scientific training expected of 
candidates varies almost indefinitely, according 
to the needs of particular posts and the views of 
tho appointing authorities. Usually no special 
qualification is insisted upon ; but in seeking a 
professional assistantship, the rank of student, 
either in the parent engineering institute or its 
electrical offshoot, would form a strong recom- 
mendation. Apart from such training, the 
most useful equipment is a sound practical 
knowledge of engines and dynamos, generators 
and motors, and the special fittings for C.C. and 
A.C. (single and polyphase) systems. 

It has always been a moot point whether large 
or small electrical undertakings furnish the best 
training-ground for the future engineer. In 
the former case the staff is generally better paid 
and the apparatus more complete; and the 
smallest works provide no experience in that 
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supremely important subject —electric traction. 
On the other hand, an assistant’s work in a 
borough of moderate area is generally less 
specialised than in one of the great industrial 
oentres, and affords a better “ all-round ” 
training. 

Waterworks Engineers. Waterworks 
construction and control, as an important 
branch of civil engineering, will be found fully 
treated in our engineering course ; and its 
municipal differs so slightly from its general aspect 
that little can usefully be added hero. The 
following admirable summary of municipal 
work, however, is from the pen of a leading 

f iractitioner, and may be scanned with advantage, 
t was read before the British Association of 
Waterworks Enginoers by the president. Mr. 
Philip H. Palmer, M.Inst. C.E., water engineer 
to the Hastings Corporation : “ The practice of 
water engineering is becoming daily more 
technical and complicated, and deals with the 
important subjects of rainfall— the obtaining of 
accurate data being the prime factor in ascer- 
taining the supply available from a given drainage 
area— geological considerations, losses by 
evaporation, discharge by Hoods, the regulation 
of fittings, quality of different kinds of water 
and their suitability for domestic or industrial 
purposes, filtration of water, designing of works 
generally, pumping plant, working of meters, 
and a general knowledge of mechanical work.” 

It need only be added that local authorities 
are paying increasing attention to the need of 
an adequate and pure water supply, and in 
many districts are devoting enormous sums to 
the construction of reservoirs, conduit systems, 
and filter-bods. All these activities improve 
the prospects of the capable engineer. A recent 
instance of such municipal enterprise is the 
supply of Birmingham with excellent water from 
huge reservoirs constructed in the Elan Valley, 
fully 70 miles from the city. The water supply 
of the w r hole area of Greater London lias lately 
been municipalised by purchase from the various 
water companies owning it, and their large staff 
of engineers taken over. 

Waterworks. The designing and execu- 
tion of waterworks (as mentioned in the Munici- 
pal Engineering section) is usually entrusted 
to the borough engineer, with or without the aid 
of consultants. Sometimes, however, a water- 
works engineer is specially appointed for tho 
task. None but a very able civil engineer is 
competent for so grave an undertaking, and the 
salary paid is proportionately high. £1,200 to 
£1,500 a year are average figures for such duties. 

For the control of existing waterworks tho 
responsible engineer receives from £500 to £800 
or £1,000 a year, and the resident works engineer 
between £250 and £400. The positions and 
salaries of a typical waterworks engineering staff 
(both professional and working) are indicated 
by the following list, compiled from the pay- 
sheets of an important corporation : 

Waterworks Engineer, £1,000. 

Engineer and Manager of Hydraulic Supply, 
£600. 


Chief Assistant Engineer, £310. 

General Surveyor of Water Mains, £600. 

Assistant Surveyor of Water Mains, £280. 

Local Surveyors, £200 to £280. 

W T orks Inspector, £280. 

Inspector of Fittings, £290. 

Assistant Inspector of Fittings, £210. 

Foreman Inspector of Pipe Laying, £180. 

Gas Engineers. While gas continues to 
hold its own as an illuminant against tho claims 
of eloctric light there will l>e no lock of seo)>e 
for the municipal gas engineer. That it is 
doing so in fact Bocms evident from flic latest 
Board of Trade returns. These show that 256 
local authorities possess gasworks, and that tho 
number is steadily growing. Tho latter fact is 
hardly surprising, in view of the following in- 
stances of yearly profits from municipal gas. 
Manchester, £60,000 ; Leeds, £30,000 ; Notting- 
ham, Salford, and Belfast, £20,000 each ; Black- 
pool and Bolton, £15,000. Tho field of municipal 
employment is thus both wide and full of promise. 

The gas engineer’s qualifications and prospects 
need not be discussed in any detail, for what was 
said on this score concerning his brother officials 
of the eleetrical and water works applies no less 
to himself. The sole material distinction is in 
the nature of his duties, which are a highly 
specialised department of mechanical and thormo- 
chemical engineering, rather than of electrical or 
civil engineering. 

The Nature of the Work. The work 
of the gas engineer includes tho construction and 
maintenance of rotort-houses, gas-holders, and 
tanks, purifiors, sulphate works, waste liquor 
and tar tanks, and other gas plant, and their 
control in working. A s)>ecial feature in modern 
gasworks is the manufacture from residual pro- 
ducts of naphtha, pitch, IkjuzoIo, sulphate of 
ammonia, and earlnffic acid. The apparatus for 
these industries, and tho earburetted water-gas 
plant, fall also within the province of tho gas 
engineer, who must thus bo something of a 
chemist os well as a mechanician. 

As an instance of the important construction 
works entrusted to these officers, it may be men- 
tioned that the enormous gasworks now in 
course of erection at Provan, Glasgow, and 
capable when completed of producing 48, 000, (MX) 
cubic foot of gas daily, were designed by the late 
Mr. William Foulis, M.Inst. C.E., whilst engineer 
and general manager of tho Glasgow Corpora- 
tion’s gas department. 

Practically the same level of salaries prevails 
among public authorities for the gaH as the 
water engineering staff. This is illustrated by 
the following table, compiled from tho same 
source as that given above : 

Gas Engineer, £1,000. 

Superintendent, £700. 

Deputy Superintendent, £450. 

SujKirintendent (street mains), £450. 

Deputy Superintendent (street mains), £325. 

Stations Managers, £300 to £400. 

Deputy Stations Managers, £225 to £250 (with 
house). 

Foremen Mechanics, £175 to £180. 


To be continued 
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about 2 per cent, of animal matter. It in 
composed of hexagonal rods, and presents in 
transverse section somewhat the appearance of 
a honeycomb. The enamel is thickest at the 
top of the tooth, and gets thinner towards the 
neck. It is itself covered by a thin homy layer 
called Nasmyth’s membrane , familiarly known as 
the “skin of the teeth,” which protects the 
enamel against the action of acids. In the root, 
or fang, the dentine is covered with crusta petrosa , 
or common bone, thickest at the end, and, like 
the enamel, thinning towards the neck. 

Varieties in Shape. Teeth are of three 
principal shapes [28]: the incisors , or chi sol- 
shaped, for cutting the food ; the canine , or 
pointed, for tearing ; and the molars , for grind- 
ing. Such a variety is evidently intended to 
deal with a mixed diet. The condyles , or the 
pivots of the lower jaw. are also arranged for the 
same end. In the carnivora, where the teeth 
are mainly for tearing and the jaw only moves 
up and down, the condyles are shown as [29] 
transverse. In the rodentia, where the teeth 
are for cutting, the condyle is antero-posterinr % 
allowing of a backward and forward movement 
of the jaw. In the ruminants, where the teeth 
are mainly for grinding, the condyle is circular , 
allowing of a rotatory motion ; while in man it 
is oblique and jxirtly circular , allowing of a com- 
bination of all these different motions. The 
lower jaw has a double joint , a pad of iibro- 
eartilage being interposed for the double object 
of deadening the sound when chewing (the jaw 
being close to the ear), and of diminishing the 
risk of dislocation, while allowing of the freest 
movements. When the jaw is open, the lower 
teeth are in advance of the upper ; when shut, 
the upper are in advance of the lower. 

What Mastication Is. The aetion of 
mastication, like so many others in the body, 
is partly unconscious and partly under the con- 
trol of our own will. The process of mastication 
consists of a combination of tearing, cutting, 
and grinding the food into a pulp by means of 
the teeth, assisted by the tongue and the rotatory 
movement of the jaw. 

The second part of the process of mouth diges- 
tion is that of insalivation of the food, by which 
means it is all uniformly moistened, alone 
enabling dry food — such as biscuits — to be eaten 
at all, and by which the starchy food is changed 
into sugar. Saliva is a transparent, watery, si igh t ly 
viscid alkaline fluid, with a specific gravity of 
1005, and of the following composition : 


Proteid 2 per cent. 

Salts 2 per cent. 

Water 95 per cent. 

Ptyalin 1 per cent. 


It is manufactured at the rate of about a quart 
a day, and has several purposes. It moistens the 
mouth and tongue and food so as to be con- 
veniently swallowed. Mastication mixes the food 
with it. Its chief value lies, of course, in the 
ferment —ptyalin — which it contains, the full 
virtues of which will be explained subsequently. 

The saliva is formed in three pairs of glands. 
One pair, the parotid glands , are situated in the 
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cheeks, find open into the mouth by a small 
duct (Steno’s) at the back of the second molar 
tooth on each side. These glands secrete a clear 
limpid saliva free from mucin [30]. The other 
two pairs are the sublingual and t hi' submaxillary. 
The former are beneath the tongue, and open 
with the former by common duets (Wharton’s). 
The saliva from these is more viscid, and contains 
much mucin. The flow is checked by nervous 
influences, such as terror. The ordeal of rice, 
practised in India, is based on this fact. If the 
man can swallow the dry rice — which is very 
possible by the aid of saliva — he is pronounced 
innocent; if he cannot — the flow of saliva 
being cheeked by fear — lie is pronounced guilty. 
It is also inhibited by certain drugs such as 
tannic acid, and is excited by other drugs, such 
as pellitory root. Hence, sipping tea at meals 
checks the digestive process here, and also in 
the stomach. The flow of the parotid gland 
(from its position) is specially stimulated by the 
act of mastication. 

The Throat. The throat, or pharynx , is 
divided from the mouth proper by the two 
tonsils at the sides, and the soft palate, above, 
which hangs down like a curtain with a pro- 
longation called the uvula in the middle [31] 
The pharynx contains seven openings : two in 
the floor— the anterior, the larynx , leading to 
the lungs ; the posterior, the r esophagus or 
gullet , leading to the* stomach. Above are the 
two posterior narcs , or nostrils, the usual 
scat of growths in children, called adenoids ; 
while on each side are the openings of the two 
eustachian tubes that carry air to the middle 
ear. The seventh is the mouth , in front. 

The tonsils are masses of lymphatic tissue 
of those white corpuscles that war on bacteria. 
They contain numerous crypts or holes (some 
10 or 12 in each), at the bottom of which glands 
( pen that secrete a tenacious mucus which coats 
the “ bolus ” of food as it passes between them. 
The researches of Metsehnikoff and others lead us 
to think that they, in common with similar groups 
of cells in the intestines, may be the seat of active 
combats between invading bacteria and the 
defending leucocytes with which they arc filled. 

Nature’s Device. The whole of the upper 
part of the pharynx and neighbouring passages 
are lined with columnar ciliated epithelia, which 
present an amazing appearanoe. This form of cell 
has on its surface several hairs. These, closely set 
together and covering the whole of the pharynx 
Inhind the tonsils, give the appearance of a rich 
velvet pile. But as these hairs are never still, but 
are incessantly lashing towards the mouth several 
times a minute, they present rather more the 
appearance of a field of com swayed by the 
wind. They do not wave to and fro, but lash in a 
special direction all through life, day and night 
without ceasing. Those in the lower tubes 
lash upward, the upper ones downward, the 
side ones forward, and pass all particles or 
accumulations of all sorts into the mouth, and 
so get rid of them. This is one of the most 
beautiful and useful devices of Nature. The 
oesophagus, or gullet, is the narrowest and 
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strongest part of the ali- 
mentary canal It is a tube 
nine inches long, reaching 
from the throat to the 
stomach. 

How Food Descends. 

The passage of the food, 
liquid or solid, down the 
gullet is never by gravity , but 
is always a muscular act, 
excited by the food stretch - 


ADULT. 
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pylorus, is at the extreme 
right end. The lower sweep 
from the gullet round to the 
pylorus is called the greater 
curvature, while the upper 
sweep above is called the 
lesser curvature of the 
stomach. The stomach 
secretes a ferment called 
pepsin. The whole of the 
stomach is lined with fine 


excited by the food stretch- 26. the teeth stomach is lined with line 

ing the tube. The peculiar The upper row are the permanent teeth, the tubular glands [33J, which 
motion of smooth muscular lower row being the milk teeth secrete from the blood a fluid 

fibre is called peristaltic , and molars. B, bicuspids. 0, canine. I, incisors called the gastric juice, at 


is in a succession of waves, spread- 
ing from above downwards, thus 
gradually pushing the food either 
downhill, or as in horses drinking 
from a stream, uphill into the 
stomach. 

The stomach [82] is a bag about 
10 in. long, 4 in. broad, and 4 in. 
deep — but varying greatly in size 
according to the food it contains — 
lying transversely across the body 
from left to right, behind and below 2 7 
the end of the sternum , or breast- ^ 
bone. It is separated from the 
lungs and heart in the thorax above 1, 3 
by the diaphragm ; but the heart p 
especially may, when it is distended, aj 
be said almost to rest upon it. 

The 6tomach. The 
shape of the human 
stomach is similar to Hf* Bt 

the “ bag ” in the S? W WT' 

bagpipes, which is ■ JS jg* 

formed from that of I | 1 

a cow. The proximity ▼ ? » 

of the heart to the 
stomach explains the 
phenomena of palpita- 28. s 


the rate of about a gallon a day. 

§ This contains the ferment and also 
free hydrochloric acid. Its rough 
analysis is as follows : 

Water .. .. 99*3 

4 Hydrochloric acid .. *2 

k The smell or sight or thought of 
food causes this straw-coloured fluid 
\ ! to ooze out into the stomach, so that 

- by the time the food arrives below 

7. VERTICAL SECTION “ SU< fi? ient ^ady to 

THROUGH a TOOTH l*>g.n operation* at once. Ihose 
consist in more fluid being poured 
3, pul pcavity; ■ 4, n cruBta fort h, and the stomach commencing 
petrosa; 5, biood-vesRel to move violently like a chum, the 
aDd U bone ■ 7.’ iuru lllUly nl °tion being kept up for hours. 

Now. here, again, is a wonderful 
thing — that such a 
valent motion can take 
P wwW f ' W place inside us of which, 

i ik Mtik is as a ru ^ e * we are wholl y 

r W n 1 S unconscious. 

f W 7 i f The Intestines. 

1 jJP ^ $ v 0 The intestinal part [25] 

of the alimentary tube 
in man is 27 ft. long, the 
SHArES OF the teeih .small intestin' being 21ft. 


27. VERTICAL SECTION 
THROUGH A TOOTH 

1, Dentine; 2, enamel ; 
3, pulp cavity ; 4, crusta 


# I 


phenomena of palpita- 2 °- SHAPES of the teeth .small intestin 'being 21ft. 

tion in easo of stomach l - 1,lcl80W ; 3. eauine ; 4. 6. , bicuspids ; 6, 7, molara; anf j the large one 6ft. 
distension, and is well -.crown. Mitck , c, fang lte length in different 

illustrated by the ease of a / * animals is dependent on the 


illustrated by the ease of a 
man who died from a thorn 
ho had swallowed into his 
stomach penetrating into the 
heart. The stomach is simply 
a distension of the general 
intestinal canal for a special 




food they take. It is shortest 
in carnivora, where digestion 
is quickest, and longest in 
the herbivora, where diges- 
tion is slowest, as in the 
sheep, where it is about 


P u r „ P °^' . h 7° thirty times the length of the 

oblique 


altogether four stomachs, for 
the long processes of 
digesting raw vegetable 
food. Birds, being desti- 
tute of tooth, have 

stomachs with surfaces 
so hard that they grind 
the food there, instead 
of in the mouth. These 
ar 1 called gizzards. 

The gullet, or oesophagus, 
enters at the uppT sur- 
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face of the stomMh, about *■ tfe 


body, as against ten times 
the "length in man 
(measured from the ver- 
tex to the buttock). In 
carnivora, such as the 
dog where digestion is 
quick, it is about three. 

The small intestine in 
human beings is a tube 
about 1 in. in diameter, 
beginning at the pylorio 
valve, and forming a 


q i JWtm l-ff n, AMIS CELLS SOMEWHAT ENLARGED . - , j 

3 m. from the left or I, p ttro tid gland ; 2 . 8ocia parotidis ; 8 . Stenson’i duct; cen , tre of . tb ® abdomen, 
cardiac end. I no opening 4, opening of SteuBon's duct upon the inner surface and termmating at the 
into the bowel, called the of c " ot,k : sbnd subatam-e ; 6, masseter muscle ileo-ccecal valve, where it 
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32. STOMACH AND DUODENUM 
", (Esophagus, lower part; \ lesser curvaturo; c, greater 
curvature (an artery running along it) ; </, fundus ; r, anterior 

wall; ./. pylorus (transition between stomach ami intestine); „ 

(i, duodenum ; <f, first portion ; <f\ descending portion ; //”*, Hnot n frlnnrl 

transverse portion ; A, beginning of jejunum; », common bilo ,, . » ,ana 

duct; it, pancreatic duct. The two latter unite before their called the pancreas, 
entrance into the duodenum or in animals the 


31. 7 HE PHARYNX 


enters the large intes- 
tine, or colon, a little 
above the right groin, 
just by the appendix. 

It is divided into three 
parts. First, next the 
Rtomach, the duo- 
denum, which is the 
shortest and widest, 
and is so called 
because it measures 
the breadth of 
12 fingers (about 
1 ft. long). This 
curves like a horse- 
shoe round the head 
of the digestive gland 
called the jkmcreas. 

A double tube opens 
into it here, convey- 
ing the bile from the 
liver and the pan- 
creatic juice. Next, the jejunum , about 8 ft. long, so 
called because after death it is generally empty ; and, 
lastly, the ileum , about 12 ft. long. The upper part 
of this intestine, and particularly the duodenum, is full 
of glands, and of elevations called villi ; also of 
collections of white cells called Peyer's patches. 

The colon , or large intestine, is about 2 in. in diameter, 
and may also be divided into three parts — the ascending , 
transverse , and descending . The first part begins at 
“ Appendicitis Comer,” with a blind extremity where the 
appendix is attached, and runs straight up the right 
side to the lower border of the ribs. The second passes 
across from right to left just below the ribs ; and the 
third part descends from the left ribs to the termination 
of the canal. As it descends it bends into a large 
double curve like an S, called the sigmoid flexure, and 
thence becomes straight (called the rectum), ending at 
the anus. 

Intestinal Valves. These are five in number. 
The pylorus is a muscular ring capable of closing the 
exit from the stomach. The ileo-ccecal valve is the 
second, where the ileum joins the colon, and has 
two flaps that allow passage into the large intestine, 
but none backwards. The third is a circular muscular 


n 
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construction at the commencement of 
the rectum that prevents the entrance 
of the intestinal oontents into it, exoept 
at times. The fourth is the internal 
sphincter , and the fifth the external 
sphincter of the anus, at the termina- 
tion of the canal, both being firm 
muscular rings. The latter has striped 
muscle fibre, and is thus under volun- 
tary oontro 

The whole of this digestive tract — at 
any rate, from the throat to just above 
its termination at the anus — consists, as 
we have seen, of a tube of various sizes 
and shapes, lined with a special mucous 
membrane full of glands secreting diges- 
tive fluids of various sorts and eleva- 
tions like the fingers of gloves, called 
villi [34], and made of muscular walls 
that are completely under the control of 
the unconscious mind. The muscle is 
what is called un- 
i striped (save just at 

the anus, which is 
under conscious con- 
trol), and moves in 
a peristaltic or ver- 
micular or worm- 

•« like manner. It docs 

not contract as a 
whole, but the con- 
tractions spread in 
waves from fibre to 
fibre, gradually for- 
cing tlio contents 
onwards. 


Digestive 
Fluids. The pan- 
creatic juice, is a pro- 



83. 1 BANS VERSE SECTION THROUGH THE 
WALL OP THE STOMACH 

1, Longitudinal plain muscular fibres ; 2, transverse 
plain muscular fibres ; 3, peptic glands ; 4, pep- 
tic glands showing the central cells; 5, peptic 
glands showing the arrangements of the blood- 
vessels ; 6, openings of the peptic glands upon the 
inner surface of the gastric mucous membrane 
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sweetbread [86], lying across the body, 
from right to left, behind the stomach, its 
head surrounded by the duodenum, and lying 
against the liver on the one side, and the tail 
touching the spleen on the other. It is some- 
what the shape of a hammer, with the handle 
coming to a point. It is from 6 to 8 in. long, 
and about 1} in. broad and thick, and weighs 
nearly a 
quarter of a 
pound. 

The pan- 
creatic juice 
itself is a 
clear, viscid, 
strongly alka- 
1 i n c fl u i d , 
very like 
saliva, sp. gr. 

1015, secreted 
at the rate of 
three - quarters 
of a pint in 
the day. It is 
the most 
powerful 
digestive 1 fluid 
in the body. 

The bile is 

the second digestive fluid in the intestines, 
and is a secretion formed by the liver. It enters 
the duodenum by the same opening as the 
pancreatic juice, down the common bile duct, 
at the rate of a quart a day. It is a somewhat 
viscid fluid, of a golden-yellow colour, bitter 
taste, slight alkaline reaction, and with a sp. 
gr. of 1020. 

The liver [25] is a large organ behind the 
lower ribs on 


through two sets of capillaries — those in the 
alimentary canal and those in the liver ; hence 
the veins in the liver are not collapsible, but 
always open, and every movement of the 
intestine drives the blood forward by the 
collapsing of the abdominal and portal veins, 
into the open veins of the liver. It is then sucked 
up into the thorax at every inspiration, through 

the greatly 
dimini shed 
pressure there 
and thus 
reaches the 
heart through 
the ever-open 
hollow vein 
called the 
inferior vena 
cava.. 

The forma- 
tion of bile is 
one of the 
chief func* 

34. TRANSVERSE SECTION THROUGH THE SMALL INTESTINE tions of the 

1, Scroun or peritoneal coat ; 2, inner longitudinal coat ; 3, inner circular coat ; liver Cells. As 
4. 5, muaculariH mucosa* ; ti. submucous coat: 7. intestinal villi, with the , , ’ .. 

epithelial lining ; H, arrangements of the blood-vessels of the villi ; 9. network of produced, it 
lymphatics in the submucosa ; 10, villi with central chyle-vessels : 11. nerves of is passed into 
the submucous and muscular coats; 12. crypts of Lieberkuhn ; 13, lymph fLt, 

follicle ; 14, lymphatic vessel ™ ie lm y duots 

that lie be- 
tween the opposing surfaces of the cells, and 
then passes out of the liver to be stored in 
a special receptacle called the gall-bladder , 
which is a strong bag about 4 in. long, able 
to hold about 1 oz. of bile. If digestion is 
going on at the time, 
more active, and the 
ing the gall-bladder, 
into the duodenum. 



The 
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the right 
hand Hide of 
the body, has 
five letters, 
live lobes, 
fl v e 1 i g a - 
ments, five 
fissures, fivo 
vessels, five 
functions, 
and weighs 
50 oz. It is 
situate d 
partly under 
cover of the 
ribs on the 
right side of 
the body, jest 

beneath' the diaphragm, and consists essentially 
of a mass of hepatic or modified epithelial cells, 
divided into clumps called lobules (one-twentieth 
of an inch in diameter), not visible to the naked 
eye, separated from each other by fine fibrous 
tissue, with which the whole organ is invested, 
and by blood-vessels. 

Circulation. The circulation of the blood 
is maintained by special means. The heart 
is not sufficiently powerful to drive the blood 


.v .fifty 
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35. THE PANCREAS 


1. 2. Tail am! bend of the pancreas; 3. pancreatic duct (canal of Winning) ; 
4, supplementary pancreatic duct ; 5. opening of pancreatic duct ; 6, opening of 
common bile duct 


To be continued 


the secretion becomes 
bile, instead of enter- 
passes straight down 
properties and 
uses of bile 
have been 
already de- 
scribed. 

The forma- 
tion of glyco- 
gen , or animal 
starch , is the 
second chief 
function of 
the liver. It 
is a substance 
isomeric with, 
or having the 
same formula, 
as starch, and 
colours red 
with iodine. 
The molecule 
of water added by the ptyalin, which changes 
starch into malt sugar, is here removed, thus 
converting it into glycogen. It is readily changed 
back as required into sugar by a ferment 
present in the liver. 

The third chief function of the liver is the 
purification of the products of digestion from 
self-made poisons. If for any reason this fails 
to be perfectly done, a bilious attack is the 
probable result. 
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industry of Great Britain is steadily developing, 
and the future is full of promise. 

Silkworm Cultivation. Silk manu- 
facture originated in China. According to 
Chinese tradition, the Emperor Foh-hi, about 
5000 b.c., taught his people how to cultivate the 
silkworm. During the reign ^of Hoang-Ti, 
2600 B.c., his empress See-Ling-Chi invented 
the cocoon-reeling mill [13] and the weaving 
loom. 

For thousands of years the Chinese jealously 
guarded the silkworm from the knowledge 
of the outer world, but the culture of the 
silkworm spread west, through Bokhara, 
Khiva, and Samaroand, to Teheran, and be- 
came an established industry of Persia. 

Spreading by land, the knowledge of silk also 
diffused itself by sea. The 
Ph <enician traders 
brought silks from China, 
both yams and cloths, and 
distributed them over the 
Western world at least 
1,000 years before the 
Christian era. 

Silkworm rearing was 
the monopoly of the Em- 
peror at Constantinople 
for a considerable time ; but 
gradually tho culture extended 
south to the Levant, and silk- 
worm gardens became common 
in the south of Greece. 

Silk in Western Europe. 

Spain was tho first country of 
Western Europe to receive the 
silkworm, the Arab conquerors 
introducing it there about the 
tenth century, probably from 
their homes on the borders of 
Persia. When the Moors took 
over their Spanish do- 
minions from the Arab 
caliphs they greatly ex- 
tended the industry, and 
silk factories were estab- 
lished at Seville and 
Grenada in the thir- 
teenth century. 

Roger, the Norman 
King of Sicily, invaded 
Grocec, took captive a 
numt>er of Corinthian 
weavers, and settled 
them in Palermo, at the 
mime time importing the mulberry and the silk- 
worm. This was in 1147 ; and in a few years 
silk culture spread to Calabria, and thence into 
Italy, where an important silk industry grew 
up within a centuiy. Lucca was an important 
centre of the industry in 1248, but civil wars being 
of frequent occurrence in that town, the authori- 
ties of Milan, Florence, Bologna, Venice, and 
Genoa offered asylum to the silkworkers. It would 
seem that the invitations were accepted, for the 
silk industry was established in all these places 
before the middle of the fourteenth century. 

In 1516, when Francis I. of France had ob- 
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9. THE COCOON 



11. THE MALE MOTH 12. THE FEMALE MOTH 

UFK HISTORY OF THE SILKWORM 


Milanese silk producers at Tours, and laid the 
foundations of the French silk industry. We must 
remember, however, that the mulberry trees 
planted by Pope Clement two centuries before 
had their effect in fostering silkworm culture in 
the valley of the Rhone, affording the weavers of 
Lyons the plentiful supply of raw material of 
which they have made such splendid use. 
Silkworm cultivation has been tried in Eng- 
land at intervals during* 
the past three centuries. 
The most notable experi- 
ment was that of the 
British, Irish, and Colonial 
Silk Company, started 
with a capital of one 
million sterling in 1825. 
No result came from the 
experiment. So far as our 
knowledge goes, the many 
later attempts have also 
resulted in failure as com- 
mercial ventures. Climatic 
and other conditions in 
this country seem to ope- 
rate against the success of 
silkworm cultivation. 
Cultivation of Silk in 
United States. The vast 
territory of the United 
States seems to offer a 
wide and suitable field for 
silkworm cultivation, but 
hitherto all the efforts of the 
Americans have failed. In 
1660 a man named Aspin- 
wall planted mulberry trees 
on Long Island with a view 
10. the cocoon to silk culture. The industry 
breaking seems to have taken some 
slight root, and a cen- 
tury later the British 
Government offered 
bounties amounting to 
25 per cent, on the value 
of all raw silk exported 
from the colonies to 
Great Britain. The War 
of Independence put an 
end to the arrangement. 
In 1831 a determined 
effort was made to estab- 
lish silk culture in the 
United States, and some 
success was attained in both Connecticut and 
Massachusetts ; but speculators created a mania, 
known as the “ Horus multicaulis craze,” and 
the financial disasters ensuing overwhelmed the 
industry. 

The same story was repeated in 1861, when 
M. Prevost, a French enthusiast, instituted silk- 
worm culture in California. In 1878 Professor 
Riley, entomologist of the United States Depart- 
ment of Agriculture, aroused renewed interest 
in the subject. In the following year the 
department began a series of experiments which 
continued over 10 years, seeming, to observers 



at the lame, to exhaust every expedient m the 
effort to make the industry commercially success- 
ful. After an interval of 10 years the Depart- 
ment of Agriculture determined to renew its 
efforts, and in 1902 experiments were begun. 

It would seem that the chief obstacles to the 
success of silkworm cultivation in the United 
States are the high cost of labour and the com- 
parative profitableness of agriculture and other 
manufacturing industries. In some of our 
Imperial dominions those two obstacles are 
almost wholly absent, and the prevailing cli- 
matic conditions more nearly resemble those of 
the countries in which the silkworm is native. 

At the International Exhibition 1873, oocoons 

P roduced in the colonies of New Zealand, New 
outh Wales, Queensland, and Cape Colony were 
shown ; but up to the present raw silk does not 
appear among the exports of these colonies. 

Rearing the Silkworm. All silkworms 
are moth caterpillars [8], and the varieties are 
very numerous. Caterpillars, it is well known, 
feed on vegetable leaves. The favourite food 
of the common silkworm, Bombyx mori , is 
the white mulberry leaf. Cultivated mulberry 
trees are propagated by grafting cultured shoots 
on wild stems. The wood should be carefully 
pruned to promote leafage. In China the bushes 
are never allowed to grow taller than Oft. Left 
free to grow, the mulberry attains a height of 50 ft. 

Other caterpillars are not so particular in 
their choice of food as the Bombyx mori , and 
silk cultivators have found it profitable to breed 
some of tho other varieties. Small as the silk- 
worm appears, this question of food is a very 
serious one, a single ounce of eggs producing 
worms which consume during the period of 
development no less than 1, 5001b. of mulberry 
leaves. In tho table following we give the 
leading varieties of silkworms, with the foods on 
which they can be reared. 


Species. 
Bombyx Mori 

Cynthia 

„ Perayi 

Mylitta 
Attacus Atlas . . 

Cynthns 

„ Ricini .. 

Authored Paphia 
(Mylatta) 
(Tussih moth) 

Antherea, Mazan- 
koong 
„ Assania 

Actiaa Selene .. 

Yama-mai . . 


Foods. 

White Mulberry 

Allanthus. 

Oak . . , . 

Oak . . 
Omnivorous 

Allanthus.. 

Castor-oil Plants 

Ber, and various 
Indian shrubs 

Oaks 

Lauras obtusi- 
folia . . 
Various wild 
fiult trees 
Wild Oak . . 


Where 

cultivated. 


China , India, 
Japan, Peisia, 
Turkey, Greece, 
France, Italy, 
Spain. 

China, India, 
Japan, France, 
Italy. 

N ewchang 
(China), India. 
North China. 
China, Burmah, 
India, Ceylon, 
Java. 

India, France, 
Italy, America, 
Java, Nepaul. 
Assam, India, 
Cachar. 

Over all India, 
and lately in- 
troduced in 
Europe 

Assam. 

Assam. 

Mussooree, Sik- 
kim, Madras. 
Japan, Italy, 
France, America. 


Food and Treatment. The moth of 

the common silkworm is about lin. long, the 
female [12] slightly larger than the male [11]. The 
insect has a thick, hairy body, short head, and 
broad wings of whitish grey, barred with pale 
brown, resting convexly over the body. After 
the pair have lived four or five days, the female 
lays her progeny of 500 eggs, and the parents 
die. The mifsroscopio globules have been de- 
posited with a soft, gummy substance, which, if 
allowed to dry, forms a silky coating ; but that 
must be prevented. As soon os the eggs have 
been laid, the silk cultivator washes them, and 
provides for them a clean tray on which to begin 
life. Here the eggs are kept in a warm tempera- 
ture till hatched, when the worms emerge a 
little over one-twelfth of an inch long. For a 
period of four days tho little things wriggle al>out, 
and then become torpid and sick. The first skin 
has hardened, and will not admit of further 
growth. On the fifth day the skin breaks at 
tho nock, and tho caterpillar, by wriggling and 
writhing, frees itself from tho old skin and 
reappears in a new dress, very lively and raven- 
ously hungry. Food must bo given sparingly 
at this state, but at regular intervals. Jn three 
days the moulting process begins again, and 
on the fourth day the caterpillar assumes its 
second dress. This skin lasts about five days, 
and is cast off as before. A fourth, and in some 
cases a fifth, skin is assumed, and then tho worm, 
having attained a length of 3J in., ceases to 
feed, and seeks a suitable place in which to begin 
its spinning. In China, India, Japan, and other 
countries, sub- tropical and tropical, the silk- 
worm is allowed to mount on bushes in tho open 
air, but the European cultivator requires to 
provide nests for tho operation of cocoon- 
spinning. Some simply supply little bunches of 
twigs, others make small paper cones, and allow 
the silkworms to use them as they please ; but 
the Italians have devised little box trays formed 
by slips of wood, which seem to answer the pur- 
pose very well. 

Some Rules. Before leaving this subject, 
we would repeat the advice which experienced 
silkworm-rearers have given to those who would 
bo successful in the industry. 

Feeding. Clean, dry, wholesome food is 
essential. Spotted, worm-eaten, or mildewed 
leaves are injurious to the caterpillars. Feed 
sparingly during the time they are casting their 
skins. Supply the full-grown worms with as 
much food as possible. 

Warmth and Light. Keep the eggs in an 
even temperature of not more than 64° F. Avoid 
hot sun, and give plenty of light. After hatching 
raise the temperature gradually to about 82° F. 
till the worms have cast their skins, when the 
temperature should be lowered and gradually 
raised again. Avoid draughts and sudden 
variations in temperature. 

General Influences. Loud noises of any 
kind are apt to induce disease in the silkworms. 
Smells, agreeable or otherwise, exercise a dis- 
turbing effect, and should be avoided. Smoke 
is another nuisance much dreaded by the 
experienced silk cultivator. 
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Gathering the SilR. Let us examine 
the full-grown silkworm. On the underside of 
the yellowish-grey body two intestine-like tubes 
are visible, extending from the tail to the mouth, 
on the upper lip of which is a curious little point 
called a spinneret. The tubes are full, and 
stand out in the body. The head moves about, 
and gradually a coarse, silky substance appears 
and winds round the body. This is the floss 
which forms the outer coating of the cocoon [9 
and 14 ]. Drawing itself in, the silkworm goes on 
spinning, filling out the floss as round after round 
of silk winds on its body. Within five or six 
days the spinning is done, and a cocoon the size 
of a pigeon’s egg formed. Our silkworm has 
spun a length of from 600 to 1,000 yards of 
silk, though of that amount we may not be 
able to reel more than 3(H) to 500 yards. 

Stifling. Nature does not intend that the 
cocoons should be unwound. Left to itself, the 
worm grows into a moth, emerging through the 
broken cocoon [10], and the silk is “ cast as rub- 
bish to the void.” If the silk is to be preserved, 
the worm must l>e killed. Various methods are 
adopted for choking or stifling the silkworms. The 
oldest practice was to subject the chrysalids to 
intense, dry heat in a closed oven. .More seien- 
tifie and certain in its 
effects is the application 
of dry steam, first de- 
vised by Professor Gas- 
trogiovanni, of Turin. 

For this process the 
utensils are very simple. 

A basin with a furnace 
underneut h . movable 
frames for the cocoons, 
trays, and a I wll -receiver 
comprise the principal 
parts of the plant. 

Enough water is put into the basin, which is 
heated to 1(H) 0 0., the bell cover is lifted, anil 
the tray of cocoons inserted. In 15 minutes 
the intense heat has killed the caterpillars and 
preserved the thread. 

Reeling the Cocoons. Empress Scc- 
Ling-Chi’s invention [ 13 ] gave the principle of silk 
reeling to all subsequent machines. As shown 
in ancient Chinese prints, the reeler consisted 
of a small tray, live slips of lancewood, a small 
cylinder, and a hexagonal reel. Stripped of 
floss, the cocoons are put into the tray, which 
has been filled with warm water. With a whisk, 
or branching twig, we work on the cocoons to 
get hold of the proper thread. Having caught, 
say, two filaments, we twist them, and put 
them into one of the four nicks in the first lance- 
wood slip. We find other two filaments, and 
place them in nick No. 2. Repeat twice, and 
fill up the four nicks with strands. Draw r out 
the tour strands and cross each pair, passing 
thread No. 1 into nick Noi 2 of the second slip of 
lancewood, thread No. 3 into nick No. 4, and 
so on. In the third slip of wood there are only 
two nicks ; into oach of these twine two strands. 
The crossing has made them incline towards 
each other, and they twine prettily. We now’ 
have two strands. Cross the strands midw’av 
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towards the fourth slip of lancewood, and put 
them through the nicKS. On the fifth slip of 
wood there is only one nick, and the two strands 
are converged to it, combined in one smooth, 
round thread, and wound on to the hexagonal 
reel at the end of the machine. 

In the modem filatures, as the silk-reeling 
establishments are named, the same process is 
followed. The cocoon basins are steam -heated, 
the guides are steel, the motor is the dynamo 
or the steam-engine, the end reel is large and 
heavy ; but, except in small particulars affecting 
the speed of the operations, the main lines of the 
machines were laid down by Empress See-Ling- 
Chi 4,000 years ago. 

Simple as the work appears, the reeler is called 
upon to exercise skill and care. The object is to 
produce a thread of uniform weight and thick- 
ness. The filaments of the cocoons, however, 
thin towards the inner rounds. To keep the 
thread uniform, another filament must be added, 
and another, sometimes three or four additional 
cocoons being employed in making up one thread. 

Raw Silk. The skein of silk upon the reel 
is termed raw silk, and in that form appears 
upon the market. From China and Japan the 
raw silk comes in bales of skeins, weighing on 
the average 1001b., the 
skeins varying between 
60 and 90 in. in length. 
French and Italian silks 
are sold in hanks of 
about 520 yd., the value 
being determined by 
weight. 

It is the ambition of 
every manufacturer to 
carry through the pro- 
cess of his trade from be- 
ginning to end. Tlie reel- 
ing described is seldom combined by British 
workers with silk-throwing — that is, the making 
of silk yams — and never with silk manufacture. 
About 1850 a process was patented in this 
country by which silk manufacture could be 
started' with the cocoons. Mr. B. F. Cobb, the 
first authority of his day, stated in 1877 that 
this invention had been utilised by a Milan 
manufacturer ; but none of the leading silk firms 
in Great Britain seem to have adopted it. The 
process is too elaborate to be given here, but it 
seems that development in the silk industry lies 
in its direction. 

Spun Silk. No textile fibre produces so 
much waste in the processes of preparation and 
manufacture as silk. This is very tantalising, 
for it is the costliest of all fibres. The flossy 
Covering of the cocoon, though genuine silk, is 
too coarse, tangled, and full of gum to be un- 
wound, and it is cast out as useless waste. From 
a fourth to a third of the silk actually upon the 
cocoon cannot be unwound, and it is cast aside 
as waste, being called the “ knub.” To obtain 
the moths which carry on the race of silkworms 
we must allow them to burst the cocoons in 
which they have been imprisoned during the 
chrysalis state, and there we have more waste. 
When forming the threads — flossing , we name 
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the process — we make waste ; and in all the 
subsequent operations there is waste, though 
in decreasing proportions. For many centuries 
the silk manufacturers of Europe especially 
found the proper disposal of the waste a very 
serious problem. With the increasing growth 
of towns, and the restrictions imposed by sani- 
tary authorities, the problem became even more 
insistent. Incredible as it may seem, our 
beautiful and costly fibre, the most precious of 
textile materials, was, in its waste state, denied 
even the refuge of the manure heap. It was re- 
jected as a field manure because it would not rot. 

Utilisation of SilK Waste. Like 
most industrial changes, the utilisation of silk 
wraste was a gradual growth. The waste from 
the throwing-mills and weaving factories was 
gathered and put through the same process as 
shoddy rags, quite unobtrusively, and merely 
in the ordinary course of trade, about 1830 to 
1840. Thus reduced to a proper length of staple, 
the silk was put through the common process of 
textile manufacture, being treated in the same 
way as cotton or wool. 

The waste utilised by the process indicated 
barely touched the great problem. There was a 
mass of silk waste outside its scope ; but tho 
modest beginning gave a hint to a man of genius 
who was able to take it. Mr. Samuel CunlifTe 
Lister, afterwards Lord Mash am, had his atten- 
tion called in the year 1 857 by a silk broker in 
London named Spensoley to the immense stocks 
of Indian silk waste then being accumulated by 
the city without any prospect of use. Mr. 
Lister was a partner in a firm of worsted manu- 


facturers, and had acquired some experience in 
the combing of wools. He examined the stock 
of silk w’aste held by Mr. Spenseley. Very un- 
promising material it seemed, looking, as Mr. 
Lister afterwards said, more like oakum than 
silk. He agreed to take a quantity at Id. per 
lb., and undertook the experiment. First Mr. 
Lister boiled a quantity of the waste, and had 
the satisfaction of seeing the substance which 
resembled a coagulated mass of mixed gum and 
rags assume the appearance of a flossy tangle of 
fibres. From this point the rest seemed easy, 
and had he t>een content with inferior results, 
Mr. Lister would simply have fallen into the 
ordinary process. But his object was to produce 
a genuine silk thread resembling in essential 
character thrown silk. To accomplish this 
object the firm of Messrs. Lister & Co. expended 
a quarter of a million sterling in bringing to 
perfection a dressing machine which would 
produce a perfectly even sliver— that is, the soft 
rope from which the thread is drawn and spun. 
Upon the quality of the Hliver depends in large 
measure the character of the yarn subsequently 
produced. This is specially true of silk, for the 
microscopic filaments obstinately retain lif-t-le 
knots and irregularities which reveal themselves 
w hen the thread has been spun. 

The spun-silk trade, ns developed by Messrs. 
Lister &, Co., made a link of connection between 
the silk and wool and cotton industries, with the 
result that silk manufacture was taken up in 
such cotton - spinning ^centres as Rochdale and 
Oldham, and in the wool manufacturing towns 
of Yorkshire 


To be continued 
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SHORTHAND 

Fourth Instalment of the Special Course of Shorthand Taught 
by Messrs. Pitman and Sons on their Twentieth Century Plan 


By Sir ISAAC PITMAN AND SONS 


THE liquids l and r are often found following 
1 and olosely united or blended with other 
consonants, forming a double consonant or con- 
sonantal diphthong ; as in the words though, 
fcrow, glare, drink, fly, fry, maker , dou we, etc. 
In pronouncing these words, the combination of 
the l or r with the preceding consonant is uttered 
by a single effort of the organs of speech. These 
consonant combinations are represented by 
adding an initial hook to the simple characters 
to indicate their union with a following l or r. 

Initial Hoot! adding L and K to 
Straight Letters. A small initial hook 
written towards the lift, adds L to straight 
consonants, thus 

\ ^ K T T 

p , ply w , tl , dl, M, gl. 

A small initial hook written towards the right, 
adds R to straight consonants, thus 

\ ^ f f t s- 

p, pr, hr, tr , dr, At, gr . 

The following mnemonic aid will be useful for 
remembering the pi and pr series. If the Zeft 
hand be held up, with the first finger bent, the 
out line of tl will be seen ; and if the 2?ight hand 
be hold up, in the same way, the outline of tr 
will be seen. 

The consonant / is not hooked initially, 
the characters and ^ being employed 
for w and y. 

The double consonants formed by the initial 
hooks should be considered as syllables, and 
named accordingly. Thus % should be called 
jxt, as heard at the end of the word “pa per” and 
not pee-ar, which would be written or v 

Vowels are read before and after these double 
consonants as they are before or after single 
consonants, thus 

\* \v V /\v 

pie, ply , apjily, reply, replica, 

J ! "1 V 

eat, eater , Peter, Pderloo . 

The double consonants in the following exer- 
cises should be called by their single names, and 
they will then be easily recognised ; thuB 

per eh (pray). 

Exercise. 

1 \ \ T1ei- (rr c r V Cr V 


1 Plough, apple, odour, draw, pebble, feeder, 

rocker. 

2 Pickle, globe, shudder, crumble, mocker, 

aRcher, track. 

Initial HooK to Curves. An initial hook 
can only be added to curved consonants in one 
position, namely, inside the curve, thus 
The hook, how ever, may be made either large 
or small, as in the examples. 

The consonants l 9 r, and ) 8 are not 
hooked to indicate the addition of l or r. The 
signs ^ ^ are, therefore, used as extra 

forms for ft, fr , and °) ) as extra signs for 
thl, thr, which with the corresponding heavy 
consonants, have duplicate forms, thus 

fl, vl, thl, thl, fr, vr, thr, thr. 
L HOOK. 

A large initial hook adds l to the curves 

k. v i J ~ ~ 

thus 

^ ^ c ^ 

M evil, FAhel, official, camel, penal. 

The double consonant shl may be written either 
upward or downward ; it is, however, generally 
written upward. The right curves ^ 9 / 
must only be used after another consonant; 
they are most conveniently written after k , g, n, 
or a straight up-stroke, as 

cavalry, gruffly , inflame , reflex ; 
and 9 9 after 6, l t as Bethel , (^) lethal 

R HOOK. 

A small initial hook adds r to curves ; thus 

^ T vt S 

v 4/ v, » V¥V, ir, ww * v ’, 

O ^ L 

meamie, calmer , dinner . 

The double consonant shr is written downward 
only. 

The alternative forms for fr, tr , thr, are 
employed as follows : 

(a) When not joined to another stroke con- 
sonant, the left curves ^ are used when 
the word begins with a vowel, as 
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ever, affray, ether. 
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(b) The eight curves ^ 1 are used when 
a vowel does not precede the consonant, as 

^ 1 

fray , three, 

( c) When joined to a stroke consonant which is 
written towards the right, the right curves 
should be used whenever possible, as in 


throb, proffer . 

(d) When joined to a stroke consonant 
written towards the left, the left curves 
should be used whenever possible, as in 

V L 

average, Jeffery. 

(e) But in preference to an awkward joining, 
either form can be used, as in 

Frank, froth . 

NO HOOKED. 

In accordance with rule, the sign would 
represent the sound wj-r as in singer. There 
are, however, so few words in which ng is 
followed by r, that this hooked outline is used 
to represent the frequently occurring sounds of 
ng-lr and nq-gr, as heard in 

^ L ^ r* 

banker , tinJccr , finger, linger. 

Words such as singer and wringer must, there- 
fore, be written in full, thus 

Exercise. 


ui> 

' ' *' ^ ^ {_y 

5 ^ A A ^ 

6 V 

1 ARRival, rival, cavil, flap, muffle, fennel, 

kennel, shuffle. 

2 Ethel, flog, flooR, flurry, ruffle, flinch, 

gravely, flask. 

3 Fever, leather, Anthur, knuckle, freak, 

friaR, locker. 

4 Canker, malinger, adverse, packer, loafer, 

docker. 

5 Fisher, rider, owner, taper, bugleR, treacle, 

rumour. 

6 Dover, liver, giver, manner, tether, thrust, 

freely. 


Circles and Loops Prefixed to Initial 
HooKs. The circle s is prefixed to straight 
consonants which are hooked for l , and to 
curves which are hooked for l or r by writing 
the circle inside the hook ; thus© 

^ * k i f > 

ply, supply, disciple, explode , settle, pedestal, 


sickle , physical, cipher, decipher, civil, peaceful, 

summer, didcimer, sinner , prisoner. 

In cases whore the hook cannot be clearly 
shown (which are comparatively few), the 
separate consonants should be written, as in 


forcible , unsaddle. 

The circles s and .no and the loop st are pre- 
fixed to the straight consonants which are 
hooked for r, by writing the circle or loop on 
the same side as the hook, thus turning the 
hook into a circle or loop, as 

A A X % y 

pni, sjrry, prosper, sweeper, steeper, tray, 

> ! { 3 A 

stray, destroy, distress, eater, siceeier. 



stouter , new, seme, cuiiscmr. 

When the circle and honk occur medially at an 
angle , both circle and hook must be shown, thus 

> \ ^ ^ 

pastry, abstruse, extra, gastric, 


The method of writing slcr and sgr after the 
consonants t and d is shown in the following 
examples : 

u u u u 

taclcer, tasker , degree, disagree . 

Exercise. 

1 A -f A ^ T X-* 

2 \ v 

3 ^ b f u x V ^ *- l 

4 °\_! \ V, W/ T 3 

5 } 

6 kv IfC 4? ""I -V "A| ^ ^ 
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visible, traceable, 
passover, 


W0IITHAND 

Exercise. 

1 Satchel, sidle, peaceable, exclusive, seclude, 

tricycle. 

2 Feasible, noticeable, 

plausible. 

3 Simmer, chastener, Listener, 

lucifer, scrap. 

4 Spread, jack-screw, stripe, sprung, suitor, 

stretcher. 

6 Stater, cider, stalker, stager, stabber, scrub, 
scrupulous. 

6 Exeter, lustrous, rostrum, rascal, crusader, 
decrease. 

Key to Exercises in Last Lesson. 
Circle S and Z. 

1 Set, siege, horr, cheese, lace, moss, rice, 

geese, soul, soothe. 

2 Chosen, unsafe, musty, cask, desk, razor. 

massive, dusty, muscle. 

a Jt v c 

} ^ > Ljf 

Loop ST and NTH. 

1 Stud, dust, duster, dusters, stowed, toast, 

toasts, toaster, steel, least. 

2 State, statist, statistics, stiff, list, coast, 

coaster, must, muster, musters. 

1 \ \ - ,1 ^ [ | 

2 / b t r ^ A- 

Lai ye. Circles *S fIV and $S. 

1 Sweat-, swathe, swan, swell, swamn, swim, 

swing, swarthy, swallowing. 

2 Successive, necessary, witticism, incisive, 

rouses, emphasize, successes, axis, excess. 

P £> Q, 


1 % 

2 




J ^ f 

; J P 


Vowels and & and T. 

Sue, saw, saucy, sauce, saucebox, Esau, 
asp, see-saw, icy, assessed. 

Aside, asylum, daisy, disease, Zulu, zinc, 
mossy, incite, musty. 

> > > i. k X L 

G ra m mal agues. 

3, The sailoR is safe in the south, and can bask 
in the sun. 4. The music he his given Miss Hose 
w a song he snug on oar voyages! f>. She has a 
cousin who knows him ; his name is Smith. 


"oV'j,- 

. ~ b s u 


X 

v 


% 


~ \ 

^ ~ , 0 
ry, , ^ 


LjX 6 

' C ° r P ? 


Y 




f 


X 


3. hi his task of tasting, the taster’s first step 
was to buRst the lid off a chest of the Chinese tea. 

4. These are said to he the finest we shall have in 
Manchester. 5. He should jmt the teas in stock. 
and testify to those who have despised them the 
soothing stimulus these give. 


o.' k ^ 

4 


V 


*>;(•” 
C , X 


^ b ^ ^ 

'V, k ' jL v ^ T- 

5 \ 4. . a " . -p ~ \ 

' " ^ O / - \ P^i * 

3. The. Swede and the Swiss fh ini' til oymay he first 
at Lord Kokh’s party, and so they insist on sailing 
in a vessel, by way of Swansea. 4. Ihis desiae 
induces them to go along at an excessive rate. 

3 1 . i ' r *i, (• xi > - 

4 ■ y > 's • — s ^ 

v- 


r“s 

6 b* S 
’ V 


I X 


3. Lucy said they use an acid, as it easily moves 
the stain on the silk. 4. She can now see why it 
is Ezra says soda is of no use. 
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How to Treat Agricultural Soils. 

Various Kinds of Manure 

Continued from 
page 434 

and their Special Uses. The Composition of Artificial Fertilisers 


By Professor JAMES LONG 


Y40ST agricultural soils are well stored with 
1 1 materials which are essential to the growth 
of plants, but which are in an insoluble condition, 
and therefore unavailable. These materials 
dissolve slowly, the necessary change being 
effected by good cultivation and the introduction 
of air and warmth which follow it. Artificial, 
or chemical, manures are employed for the 
nourishment of plants because, in most cases, the 
food they contain is readily available. In many 
otherwise fertile soils one of the three essentials — 
nitrogen, phosphoric acid, or potash — is tem- 
porarily exhausted, the exhaustion of either 
rendering the soil infertile. If the farmer by 
simple experiment and careful observation of 
facts recognises which form of plant-food is 
needed, he is able to provide it, to restore 
fertility, and thus practically to command a 
crop. Although the threo fertilising properties 
named are those which apply to every class of 
soil, there are occasions on which lime is needed. 

Risks in Manuring. It is necessary for 
the young farmer not only to learn what manures 
to apply, but what quantities and when. He 
must, too, avoid the danger of careless mixing, 
that one form of manure may not destroy the 
properties of another. He must learn to distribute 
the manures evenly and in as fine a condition 
as possible, mixing, if necessarv, some dry 
material, such as ashes or earth, with them for the 
purpose. Soluble manures, like nitrate of soda, 
are only used as top-dressings on growing crops, 
and then only upon the heavier soils. Sown in 
winter or on light soils, a soluble salt of this 
character is usually washed into the subsoil or 
drains, and lost. On the other hand, manures 
containing potash and phosphoric acid, like 
bones, dried blood, and other animal fertilisers, 
arc slow-acting and unaffected by rain, in that 
they are not carried through the soil and wasted. 
Although there are manures, like the best 
Peruvian guano, which contain nitrogen, phos- 
phoric acid, and potash, artificial ferti Users are 
usually classified as nitrogenous, phosphatic, 
and potassie. 

Nitrogenous Manures. The nitrogenous 
manures include nitrate of soda, a deposit 
chiefly found in Chili, of which 95 per cent, should 
be pure nitrate. Nitrate, which contains 15£ per 
cent, of nitrogen, is highly soluble, and is used 
for growing crops chiefly on clays and loams. 
It should be employed only when the soil is in 
good heart and able to supply other necessary 
foods, or when those foods are provided in the 
form of dung or other artificials. Thus, for corn 
and grass in particular, nitrate is used after a 
dressing of dung or a phosphatic manure has 
been supplied, or with mangels which have 
received dung, or with potatoes which have 


received a small dressing of dung and supplies 
of potash and phosphoric acid. It should be 
remembered that an artificial manure is chiefly 
employed for the benofit of the growing crop, 
and this, above all, is the case with' nitrate of 
soda and all highly soluble manures. The old 
practice of supplying slow-acting manures, such 
as crushed or ground hones, is uneconomical, good 
as the ultimate results may be, for money is 
expended for succeeding crops which may be 
better and more cheaply fed when the time for 
their assistance arrives. 

Sulphate of Ammonia. This is a by- 
product in the manufacture of gas, contains 
about 20 per cent, of nitrogen, and is less 
soluble than nitrate of soda. Jt must bo con- 
verted into a nitrate before it is available to 
plants. Sulphate can, therefore, be sown with 
the seed. It should bo 95 per cent. pure. 

Soot. Whether the produce of wood or coal, 
soot is valuable for the nitrogen which it contains, 
and is usually purchasable at fid. a bushel. Coal 
soot, however, is much richer than wood soot, 
although it is now generally superseded by nitrate 
of soda, on account of the comparative slownesH 
of its action. It is employed as a top-dressing. 

Rape-cake. This is the pressed residue of 
rape-seed from which the oil has been extracted, 
and, when finely ground, is a useful nitrogenous 
fertiliser. It is also commonly employed on land 
which is subjected to wiroworm, one of the most 
destructive of farm pests. The insect is believed 
to relish the rape, and to prefer it to plants. 

Dried blood, horny materials, and woollen 
waste, all containing nitrogen, are occasionally 
used in some form for manurial purposes, but 
are slow acting, and generally uneconomical. 

Phosphatic Manures. Bones are one of 
the chief sources of phosphoric acid, but inas- 
much as their gelatino contains nitrogen, and as 
they arc also rich in lime, they are largely em- 
ployed where, by treatment with sulphuric acid, 
they have been brought into a quickly active 
condition. Thus wo get dissolved hones or acid 
superphosphate, the insoluble materials being 
rendered soluble. It is necessary, however, to 
discriminate between bone superphosphate and 
mineral superphosphate 4 ., other materials than 
bone (such as phosphatic; rock) being prepared 
for a similar purpose. W T here a crop needs both 
phosphate of lime, for its phosphoric acid, and 
nitrogen, dissolved bones may be employed with 
advantage, unless the soil is of an acid character, 
or unless nitrogen and phosphoric acid can be 
purchased in other forms at less cost per lb. 
Bones, however, are subjected to the process of 
boiling and steaming for the removal of tho 
gelatine, which is employed for purposes outside 
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agriculture. By this means the nitrogen is 
chiefly removed, although the percentage of 
phosphoric acid is increased. 

Basic Slag. This is the ground cinder pro- 
duced in the process of smelting iron. It contains 
from 15 to 18 percent, of phosphoric acid in combi- 
nation with lime. It is essent ial in purchasing this 
fertiliser to compare the prices and percentages 
of different samples as well as the fineness of the 
powder, which is all important, inferior samples 
costing as much for carriage and distribution as 
the best. The combination of lime with the 
phosphoric acid renders slag more suitable for soils 
deficient in lime, and for acid soils, than super- 
phosphates , which are of a highly acid character. 
Soils which are sour, which are peaty, or which 
are rich in organic matter of any kind, are 
benefited by heavy dressings of basic slag, while 
many of the heavier clays have been so improved 
by its use that the herbage is not only enriched 
with clovers and trefoils, but the crops very 

1 n f/rnl tt innMaoo^ in nrai /Wi f 


This manure is a deposit 
of Bea-birds whioh feed chiefly upon fish. If of 
good quality, it is rich in both nitrogen and phos- 
phoric acid. It ako contains a small quantitv of 
potash and a liberal percentage of lime. Of late 
years the quality of guano has diminished, the 
percentage of nitrogen being reduced. The 
more recent shipments are chiefly phosphatio in 
character, the phosphoric acid ranging from 
5 to 35 per cent. A fish manure, really produced 
from fish offal, and described as Fish Ouano , is 
found upon the market. This fertiliser is more 
or less rich in potash as well as nitrogen and 
phosphoric acid, but is generally inferior to good 
Peruvian, and before purchase should be com- 
pared both as regards price and composition. 

Potassic Manures. Potash is a fertiliser 
seldom nooded for heavy soils, but frequently 
employed on peats and lighter soils, especially in 
the growth of potatoes, clover, and allied plants. 
The chief supply is found in the mineral deposits 
near Strassfurt in Germany. The most com- 
monly used of those salts is kainite , which 
contains 13 to 17 per cent, of potash. Muriate of 
potash and nitrate of potash are occasionally 


used, but owing to the higher price of the potash 
they contain, they usually give way to kainite. 

Wood Ashes. Wood ashes, some of which 
contain as much as 10 per cent, of potash, 3 to 
6 per cent, of phosphorio acid, and large quantities 
of lime, are always valuable as potassic manures, 
although they are slow aoting ; but it is a notioe- 
able fact that wherever bushes are burnt, the 
ashes are wasted. 

Seaweed. Seaweed is an organic manure 
which may be liberally used where the oost of 
collection is slight. It contains small propor- 
tions of nitrogen, phosphorio acid, potash, and 
lime. Its mechanical value i« important on the 
heavier soils. 

Salt (Chloride of Sodium). Salt is employed by 
many growers of the mangel and of the cabbage 
with advantage, experimental tests having 
shown that these crops are frequently larger 
where it is employed. Salt is believed to exert 
a mechanical as well as a fertilising action. 


in lime, and especially where plants like the 
clovers and the turnip, which need sulphur, are 
grown. It is quite unnecessary to employ 
gypsum whore bone manures are used. 

Ga9-lime. This by-product of gasworks is, 
in its fresh condition, poisonous to plants, owing 
to the presence of sulphide of lime. Before use, 
it should be exposed to the air, when, absorbing 
oxygen, the sulphide is converted into the 
valuable sulphate. Land needing lime may 
often bo dressed with gas-lime at "a lower cost 
than with fresh or quicklime. It is believed 
that soil infected by parasitic plants and bacteria 
dangerous to stock is purified by gas-lime. 

Night-soil. Night Soil is a manure of the first 
rank, containing in its fresh condition larger pro- 
portions of nitrogen and phosphoric acid than the 
manure produced by any class of farm stock. 
The liquid, however, is not so rich in nitrogen as 
that of the horse, the cow, or tho sheep. Where 
employed, this fertiliser should be mixed with 
dry soil, ashes, peatmoss, or any absorbent which 
will assist its conveyance and distribution. 


Composition or Artificial Fertilisers. — The Figures Given are Per Cent. 



Water. 

Organic 

Matter. 

Nitrogen. 

Phosphoric 

Acid. 

Potash. 

Lime. 

Nitrate of soda 

1*9 

_ 

15*6 



0*2 

Sulphate of ammonia 

4*0 

— 

20*0 


— 

0*6 

Dried blood 

13*4 

78*4 

11*8 

1*2 

0*7 

0*8 

Wool waste 

10*0 

600 

6*2 

1*3 

03 

1*4 

Bone meal 

6*0 

80*3 

8*8 

23*2 

0*2 

81*3 

Raw bones 

62 

89*1 

8*8 

22*8 

0*2 

29*2 

Steamed bones 

6-2 

17*6 

1*6 

80*9 

0*1 

41*8 

Dissolved bones 

13-0 

24*0 

2*6 

14*7 

— 

— 

Basic slag 

— 

— 

— 

17 9 

— 

68*5 

Peruvian guano 

10*0 

8 0*0 

7*0 

9*2 

— 

— 

Fish guano 

9*8 

66*2 

8*5 

18*8 

0*3 

10*0 

Kainite 

12*8 

— 

— 

— 

13*8 

1*1 

Soot, wood 

50 

71*8 

1*3 

0*4 

0*1 

4*0 

Soot, coal 

6*1 

70*4 

3*0 


— 

3*0 

Rape- cake 

9*1 

71*1 

4*8 

2*0 

1*2 

0*7 

Gypsum 

20*0 

— 

— 



31*0 

Seaweed 

85*0 

12*8 

0*8 

0*2 

0*8 

0*9 

Gas-lime 

70 

1*8 

0*4 


0*2 

84*5 

Night-soil 1 

77*2 

19*8 

ro 

1*0 

0*25 

0*62 

Town sewage 1 

99*9 

0*008 

0*008 

0*001 I 

1 

| 0*001 

i 
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METHODS OF LEVELLING 

Contouring. Explanation of the use of the Barometer and Hypso- 
meter. The Aneroid. Triangulation. Measurement of Base Lines 


By Professor HENRY ROBINSON 


Contouring* Another form of levelling is 
that known as Contouring . A contour survey 
is one which has for its purpose the establishment 
of points on the ground of the same level 
These points are afterwards pioked up by offsets 
from survey lines, or by lines purposely run for 
that purpose. A survey of this description is 
shown in 85. 

The method of carrying out a survey of this 
description is to place pegs, or small flags, in 
the jnaces which exactly coincide with the 
required level The staff is moved about until 
it reads a 


Degrees of Accuracy. The degree of 
acouraoy that can be attained in levelling 
depends greatly on the instruments employed, 
and the care and time whioh can be devoted to 
the work. The aoouracy whioh was necessary 
for the extended Government surveys of Great 
Britain and India is obviously unnecessary for 
surveys of comparatively small areas. A good 
practical standard for ordin ary work would be 
to limit the error to x J distance in miles ; 
this would give the following permissible errors : 

In 1 mile, 010 of a foot; 4 miles, 0*20; 

9 miles, 0*30; 


figure, which, 
when reduced, 
gives the cor- 
rect level of 
the ground 
required. As 
an example, 
the value of a 
bench mark 
is 104*00, the 
level is set up 
and reads on 
the staff, held 
on the bench 
mark, 2*00. 
This shows 
the collima- 
tion line of 
the level to be 



16 miles, 0*40 * 
25 miles, 0*50; 
36 miles, 0*60 ; 
49 miles, 0*70; 
64 miles, 0*80; 
81 miles, 0*90 ; 
100 miles, 
1*00. 

It is neces- 
sary for the 
surveyor to 
know the 
value that can 
be assigned to 
the tilt of the 
telescope, cor- 
responding to 
the displace- 
ment of the 


equal to 
106 00. If, 
therefore, it is 
necessary to 
obtain the 
100*00 con- 
tour, the staff 
would have to 
be shifted 
about until it 
gave readings 
of 6*00, when 
those points 
would be the 



35. CONTOURING 


bubble when 
not exactly 
central in its 
run. With the 
ordinary levels 
used in this 
country ^ 
inch run of 
the bubble 
corresponds to 
an angle of tilt 
of the tele- 
scope of about 
five seconds. 


100 contour points. Pegs or flags would then be in- 
inserted and numbered, and afterwards picked up 
by survey lines, as shown in the illustration [35]. 

Another purpose for which levelling is impor- 
tant is that of setting out gradients, whether for 
roads, railways, sewers, or other purposes. A 
gradient is stated in terms of the relation 
between the vertical fall or rise and the horizontal 
distance. For instance, when a road is said to 
have a gradient of 1 in 100 it implies that the 
vertical rise or fall is 1 unit in 100 units of 
horizontal measurement 


A good practical rule to remember is that one 
second of arc is the angle subtended by about 
inch at a mile, or 0*0156 foot at 10 chains. 
So that if the bubble be ^ inch out of the centre 
of its run, there will be an error equal to the 
above in a 10 chain read. 

Plotting Sections. In plotting sections 
[36] it is usual to employ a scale for the 
vertical different from that for the horizontal, 
in order to exaggerate the appearance of the 
surface of the ground. A horizontal line is first 
ruled on the paper, and the various distances 
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at which levels have been 
taken are marked off on this 
line. It is generally necessary 
that this line be assumed to be 
some fixed number of feet above 
Ordnance datum, in order that 
the vertical heights may not be 
too great. 

Whatever may be the dis- 
tance above datum adopted it 
is written on this line, and 
must be added to whatever 
distance is scaled (if the re- 
duced level is not given at the 
point required). The distances 
having been plotted, vertical 
lines are drawn, and the levels 
of each point scaled up the 
lines, marked, and the points 
joined, giving the result of the 
section taken in the field. 



36. LEVEL SECTION 


Barometer and 
Hypaometer. Before leaving the subject 
of levelling, it is necessary to refer briefly to 
the Barometer and Hypsometer for ascertain- 
ing the altitudes of places. In neither instru- 
ment is the accuracy attainable equal to that 
of staff reading, but both serve for approxi- 
mate levelling in mountainous districts, and 
for flying levels in exploring a country. The 
difference of pressure of the atmosphere at 
various altitudes affords a direct indication 
of differences of level. The mercurial barometer 
(accompanied by a thermometer) is the most 
reliable instrument for jK'rmanent use in meteoro- 
logical work, but the small range of its fluctua- 
tions, and the difficulty of reading the exact 
level of the mercury, render it less desirable as a 
levelling instrument than the Aneroid. 


is therefore sensitive to external pressure. The 
expansion of the box actuates suitable levers, 
springs, and wheel gear, communicating with an 
indicating pointer which moves round a circle 
graduated to feet. The scale is also made to 
correspond to inches of mercury, corresponding 
to equal arcs on the Beale of feet. The instru- 
ment is compensated for variations in its own 
temperature. 

An approximate rule for calculating heights up 
to several hundred feet is as follows : 

Lot H =- reading in inches on the barometer at 
lower station. 

Let h ~ read ng in inches on the barometer at 
upper station. 

Then = height in feet. 


The Aneroid. The Aneroid [37] is a A More Accurate Method. For more 
pressure gauge, consisting of a corrugated metal accurate results the following formula, as given 
box from which the air is exhausted, and which by Professor Rankine, is applicable to the 

mercurial barometer, with accompanying 
observations of temperature by two ther- 
mometers, one to give the temperature of the 
air, and the other attached to the barometer 




to give the temperature of the mercury. 

At Lower At Higher 
Station. Station. 

Height of mercurial column 
in the barometer . . H h 

Temperature of the mercury 
in degrees Fahrenheit as 
shown by the attached 
thermometer . . . . T t 

Temperature of the air in 
degrees Fahronheit as 
shown by the detached 
thermometer . . . . T' t' 

Then the height of the higher station in 
feet above the lower station is : 

60360 [log H - log h - *000044 (T - t )] 


x 


0 


T' -fg - 64 \ 
+ 986 / 


The last term of the formula is the correc- 


tion for absolute temperature and becomes 


37. THE ANEROID 


unity when T and t' are both 32° F. 
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course (other than the brief note above), the 
earth’s surface will be assumed to be flat, and 
this will not lead to any appreciable errors in 
ordinary triangulation work. 

As before stated, the survey 
is built on a base line 
measured with the greatest 
aocurocy, as the whole of the 
aftor-work depends on it. 

The Helloatat. When 
the stations are very far 
apart, use is sometimes made 
of the sun by an instrument 
called the Heliostat. This 
is simply a mounted mirror, 
with a small part of the 
silvered backing scraped 
away, making a blind spot. 

The rays of the sun are reflected to the required 
station, and readings taken to the blind spot in 
the centre of the mirror, by which means the 
position of the station where the Heliostat is 
mounted can be fixed. 

Steel tapes are often used for this purpose, but 
the method must depend on the accuracy that 
is required. The bases of the 
Indian triangulation were 
measured with Colonel Colby’s 
compensating bar of 10 ft. in 
length, from which it will be Been 
that the process is a tedious one. 

The selection of the position for 
this base line requires care, and 
must bo on fairly flat ground. At 
the same time, it should be in 
such a position that the surround- 
ing points to form the survey are 
easily obtainable. It is much 
better to choose a shorter base, 
and have it accurately measured, 
than a longer line where the same 
accuracy is not attainable, 
impossibility of obtaining a measured base of 
sufficient length a longer one must be obtained 
by calculation. 

In the illustration [39], A B is the measured 
base. From the points 
A and B angles are taken 
to C and D. After C and 
D are fixed, angles are 
taken from them to E 
and F, and by this means 
a base line, EF, is ob- 
tained, which can be con- 
siderably longer than AB. 

It is a good practice 
to lay down a skeleton 
plan of the various 
points that are selected 
for stations in order 
that the best arrange- 
ment of triangles may 
be decided on. The 
equilateral triangle is 
the best, and the aim 
of the surveyor should 
be to arrange his 
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41 . PRELIMINARY SURVEY 
In the event of the angles at 1 



l : l : : R ♦ A 


or otrr:.(t-/).t-^- 
or oirr:«(L-f) 

42 . 


LR ♦ Lft-LR 
R* Jl 


REDUCTION OF BASE TO MEAN SEA -LEVEL 


triangulation so as to obtain no “ ill-con- 
ditioned ” triangles. 

If a rapid preliminary survey be first made 
with a oompass, sextant, or 
plane table, a preliminary 
arrangement of lines may be 
laid down, and plotted ap- 
proximately, by which an idea 
can be formed as to the best 
arrangement of lines. 

Trigonometrical 
Formula. The calcula- 
tion of the lines is based on 
the well - known trigono- 
metrical formula 

a b c 

sin A sinB ~ sinO 
where a, b and c are the lengths of the sides, and 
A, B and C their respective angles. Having, 
therefore, the length of any one side, and the 
angles being observed, the lengths of the other 
sides may be calculated by the formula. 

One of the simplest cases is that shown in 
40. The base line CD is chained, preferably an 
even number of chains. The 
theodolite is set up at C and D, 
and the angles ACB, BCD, ADC, 
and ADB are taken, and the 
lengths of the sides AC, BC, AD 
and BD calculated by the formula. 
The angles at A and B are then 
observed, and the distance AB 
calculated ; the points A and B 
can then be used for further 
triangulation. A general example 
of a preliminary survey is shown 
by 41. 

One of the lines is measured 
(as, for instance, 1 — 8), and upon 
it the triangulation is built. The 
and 8 are observed, and 7 is 
fixed. This point is the centre of a polygon 
8, 9, 10, 5, 0, 1, 8, and, as explained before, the 
angles taken at 7 must equal 360°. 

Mention has been made of the necessity of 
roducing the base line 
to mean sea-level. The 
illustration [42] gives the 
calculations necessary for 
this, assuming the 
earth’s mean radius to be 
21,000,000 ft., which is 
a close approximation. 

In the formula, L 
S equals the length of the 

base as measured at an 
altitude h , and l equals 
the length of the base 
r •twofioo feet reduced to mean sea- 
level. It is necessary to 
be able to fix the posi- 
tion of the true north 
in order to correct for 
«... the variation of the 

needle. 

To be continued 
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aht LINEAR & AERIAL PERSPECTIVE 

3 

Continued The Vanishing Point Mathematical Devices. 


The Centrolinead. 

By P. G. KONODY and 

Perspective. The student should keep a 
rough rule of thumb over his perspective. The 
full laws of perspective are elaborate, but are 
fortunately not required for an artist’s everyday 
use ; but the main laws he must use constantly, 
for his point of sight determines the place of 
things in his picture. As he draws an object, 
the point opposite his eye is very valuable, for 
from it radiates the height and breadth of all 
his forms. All his drawing will depend for its 
accuracy of position in the picture on its relation 
to the horizontal line drawn through this point. 

The student must acquire a sound knowledge 
of elementary geometry [see Mathematics and 
Drawing] before proceeding. Take a diamond 
fixed at the end of a metal stick and Rtand 
with your head within arm’s roach of a w r indow. 
(’lose one eye and mark on the glass pane in 
outline what the other eye sees through the 
window, and you have an absolutely correct 
perspective of what is outside scratched on the 
flat glass. 

Figure 1 shows a row of trees so treated, except 
that the relative sizes of the features are altered 
for the purpose of clearer demonstration. 
Let A AAA stand for the glass pane. It will l>e 
noticed that the ground line of the trees BB 
(which in reality is horizontal or level) show's on 
the glass a line going upwards ; and, on the 
contrary, the top line of the trees. DD, which 
is equally lovel, show's on the glass a line going 
downwards. Those tw T 0 lines, when continued, 
meet always at some point, F, on a lino level 
with the eye which has drawn the picture, and 
in consequence a row of trees or other similar 
equal-sized objects along a straight surface 
always look smaller as they go backward in a 
picture until, if continued far enough, they 
appear to vanish into nothing. 

The optical reason for this is self-evident when 


Shading. Aerial Perspective 

HALDANE MACFALL 

we reflect that all things we see have to come into 
one point at the back of the eye ; consequently 
all things above the level line HH are soen 
more from beneath them, as they advance towards 
the eye, and all things below the line HH more 
above as thev advance towards the eye. Henco 
the tree at F becomes drawn on the glass pane 
much taller than the equal-sized tree further 
back at E. 

This comprises the entire principle involved in 
perspective drawing. Once this is grasped, the 
rest becomes a matter of practice in drawing 
from visible objects ; but wdion the object has 
to be designed or evolved direct from the brain, 
such as in architecture, the following mathe- 
matical method is pursued to get at the same 
result. 

Mathematical Devices. First, plans and 
elevations are drawn isometrically to a given 
scale, such as one-eighth of an inch for every 
foot, or larger according to the amount of detail 
the subject contains. Figures 2 an I 3 show a 
primitive tower so troated. Choose on the plan 
the spectator point S, corresponding to the 
position of the eye in Fig. 1. Draw from S lines 
and SB to the extreme points on each side 
of the object to be represented in perspective. 
This is called the visual angle or range of view. 
Bisect it — SF. Then any line perpendicular to 
SF , Ruch as PJ\ stands for the pane of glass in 
the window and is called the picture plane. 
The nearer you make the line to S, the smaller 
wdll lie the size of the ultimate picture. 

From S draw S F 1 and SV 2 parallel to AG and 
BG respectively. These, at their intersection with 
the picture plane PP , give vanishing points 
corresponding with the point Fin Fig. 1. Each 
vanishing point is usable in perspective for the 
surface or piano from which it has been thus 
derived, or any surface parallel to that surface. 



1. A PERSPECTIVE OP A ROW OF TREES SEEN AND DR4WN ON A GLASS PANE 
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Thus the pavement kerb in front of AG will 
vanish to the same point as AG. 

Then project BG, on plan, to M, which gives 
the point at which to erect the vertical “ measur- 
ing line ” for all heights on the scale elevation of 
IiG shown in 3. Then draw on the perspective 
sheet HH , called the horizon line and correspon- 
ding with HH in 1 and 3. Tick off on it all 
the intersection points seen along PP on plan. 
Then decide how high the spectator’s eye shall 
l)e when drawing the picture, say, six feet from 
the ground. Scale six feet on measuring 
line MM, from level of horizon line HH 
downwards, and this gives the ground line 
of tower. Then tick off along MM the 
scale heights of features on tower, got from 
3. The rest of the processes becomes self- 
evident. 

It will be noted that the nearer the 




HOW A PERSPECTIVE IS OBTAINED BY MATHEMATICAL DEVICES 
FROM ELAN AND ELEVATION 


spectator point 8 is to the plan of the building oi 
object, the larger becomes the visual angle A8B, 
and the more acute is the resultant perspective. 
Consequently thcro is a limit to the size of this 
angle. The general rule is to keep it more or 
less botween 30 and 45 dogroos, according to the 
effect sought for, unless under exceptional 
circumstanocs, it being found that sometimes 
presentments which are too stilted to be in 
reality practically visible to any eye, may occa- 
sionally be required on a drawing. 

The same applies to 
the rule of making the 
picture plane PP per- 
pendicular to the bisec- 
tor [£F] of the visual 
angle. It is sometimes 
stilted as in 6. The 
question whether such 

□ . abnormal devices are 

permissible must be 
I left to trained judg- 

ment, having regard 
to the ultimate effect 
sought for in each pic- 
ture. 

Circles and Other 
Curves. Up to now 
we have had to deal 
with straight lines. 
Circles and other curves 
are treated by selecting a num- 
ber of points upon them and 
then putting these points into 
perspective by the same prooess 
as before ; after which a line is 
drawn bent to pass through 
those points. Figure 4 shows a 
circle so treated, the numbers 1 
to 8 being the points referred 
to. This is a vertical or upright 
circle. A horizontal or plan 
circle [5] is obtained in a similar 
way. In 5 is also shown the 
same circle as seen when it is 
placed higher up towards the 
eye level, or line of horizon, HH. 
It will he noted that the resul- 
tant oval has the same width as 
the lower one, but is not so 
deep ; and this depth grows 
more and more narrow till, 
when the circle is on the actual 
level of the eye, TT, it is seen 
as a straight line only . The same 
phenomenon occurs inversed 
when this same circle is soon at 
any height above the eye or 
line of horizon. 

When the drawings are large, 
one or more vanishing points 
are sometimes too far away to 
be accessible on the draughts- 
man’s table on either side of 
him. In that event several 
methods have been devised for 
overcoming the difficulty. The 
l wo following are the most 
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4 . A CIRCLE DRAWN IN PERSPECTIVE 


serviceable : Figure 8 serves when a surface, 
OB on plan (and all surfaces parallel to it), has 
an inaccessible vanishing point, V 1 , but when 
the vanishing point of its corresponding right 
angle on plan, OA , is 

accessible V t . As the . 

lettering to the lines 
and points in 6 corre- - -j- 

spends with those in 2, i 

the reader will be ' ] ] 

iamiliar with their J [ 

working till the line * t _ 

8 V 1 is stopped short “ ^ T‘ j J 

at Z by want of room J • ! 

to continue it. Instead * J _J 

of drawing tfF 1 draw 

BM 9 , which is parallel * ~ ■ 

to AO, and gives a ! ! 

second measuring line * J 

IP3P. Tick off the , ■ . 

work on the perspective 
sheet and draw ground i 

line APM 9 and mark a J 

convenient equal dU* ; \!/ 

tance APM 1 and I ^ 

Then draw V*BM* and ^ V 

V*B*M*, thus obtaining " 

the lines M l B and M l 
2P f which, if continued, 

would meet at the 5 A horizontal circlj 
inaccessible vanishing below and above 1 
point V 1 . Then divide 




6. A HORIZONTAL CIRCLE DRAWN IN PERSPECTIVE 
BELOW AND ABOVE THE LINE OP HORIZON 


M'M 1 and BB* into a convenient number of 
equal parts ; unite them respectively, and you 
have a scale of vanishing lines, any intormedial 
lines you may require being put in by eye. At 
first you may require a 
, vorv close vanishing 
scale by making the 
equal divisions very 
small, but, with train- 
j ing, your eye will find 

4 1 itself able to manage 

. 1 % ' „ V with much wider spac- 

TF 7 PTu “s- 

1 , ^ / Figure 7 serves when 

• 1 * / you are hampered for 

• room on both sides. In 

, / that event you divide 

| 1 / SF (the perpendicular 

, J / lino from 8 to the 

1 , / picture plane PP) into 

1 1 / an equal number of 

! ! t parts according to the 

,/ room at sides you have 

T J *' 3 at your disposal — say, 

~i/ ' into halves. Thencon- 

neot i with i V 1 and 4 V 2 
& y' respectively parallel to 

OB and OA , the sur- 
1 faces whose inaccessible 

DRAWN IN PERSPECTIVE van ' 8 king points VOU 

jb USB OF hobizon are dealing with Then 

it is obvious that the 
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6 . HOW TO FIND AN INACCESSIBLE VANISHING POINT 

points £ r 1 ani £ F 2 will be respectively half fitted with screw stops whereby the three arms 
way to the inaccessible points in question. can be fixed at anv angle to each other. Three 

Mark on the perspective sheet, along line FF\ lines so determined have a property in geometry, 

a convenient distance FF 1 ; halve it and draw that when two of them (AC and AD) are placed 

F £ £ P and F £ £ P ; then from F 1 draw lines against any two fixed points or pins ( EF ) and 

parallel to them, and F l X ; and it is made to slide up or down against them, the third 

obvious that these lines, if prolonged, would line (AB), at any place on its radial journey, 

respectively pass through the inaccessible will take a direction which, if continue!, would 

vanishing points V 1 and F . From that proceed meet at one centre V. The instrument is 

to draw vanishing scales in the same way as the adjusted on the perspective sheet (between any 

soale in 6. two vanishing lines obtained as described in 

The Centrolinead, There is an instru- 6 and 7) by observing that the further point V is 

ment called a Centrolinead [8] much used for away, the larger should angle CAD be made, and 

drawing lines to inaccessible vanishing points the wider the pins EF be fixed. Also note that 

after the two first lines to any inaccessible point the angles CAB and DAB need not be equal, 

have been obtained by the methods described. Many beginners lose patience with the centro- 

It consists of three straight edges hinged at A and linead because of the time its adjustment entails, 
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7. HOW TO FIND TWO INACCESSIBLE VANISHING POINTS 


from which these shorter 
methods are evolved is the 
root property of a diagonal 
line. In 9, ABCD is the 
isometrical or flat elevation 
of a rectangular surface, and 
A X B X C X D X is that surface put 
into perspective. By drawing 
diagonal lines the centre line 
FF is obtained, and the centre 
line F l F x can be got direct by 
the same principle. Also, in 
the case of anv line, such as 
O 0, on one side of the centre, 
you can draw a corresponding 
line, KK, on the other side of 
the centre at equal distance 
from it by drawing Q'K 1 or 
Q'B X direct on the perspective. 

This principle, oarried fur- 
ther, enables you to divide, 
direct in perspective, a sur- 
face into any number of equal 
parts. Suppose you have to 
draw a row of any objects 
such as men or treos standing 
equi-spaced along a straight 
line, say a row of fl columns 
[10]. V irst get, by the plan, 
ihe centre line of tho column 
at each end of the row, AB and 
CD. Divide A B into five equal 
parts, draw vanishing linos 
through each of these divisions, 
and draw the diagonal line 
AD intersecting tho vanish- 
ing lines. Then mark the 
points where division lines give 
respectively the centre lines of 
the intermediary columns in 
perspective. 

To tind the width of the 
columns, note the ratio, or 
how many times tho width of 
one column goes into its height. 


Say it is eight times. Tick off 

but this disappears directly a little practice one-eighth space at EF and the same vertically 
has enabled the student to grasp the geometrical at E l F x , draw vanishing lines through E x and 
principle involved. F\ and you get tho diminishing widths of the 

Having mastered the rudiments of perspec- remaining columns, 
tive as applied to simple 
buildings or objects, the 
student will find, on pro- 
ceeding to more complex 
structures, that to draw in 
every detail by the same 
mathematical process be- 
comes complicated, and the 
many operations first re- 
quired involve him more and ¥ 

more into a fog of tantalising V 
lines in all directions. To 
minimise these he makes for 
means which do not require 
so much preliminary refer- 
ence to the isometrical plan 
and elevations. 



One of the main principles 


8. C ENTEOLINE AD 
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9 . HIE USE OP DIAGONALS 

Further labour-saving processes such as these 
the draughtsman soon finds himself discovering, 
and, assisted by an ever increasing accuracy of 
eye, he is enabled eventually to “ think in per- 
spective.” Then it is surprising how very few 
plan-derived lines he requires for an efficient per- 
spective representation even of very elaborate, 
difficult themes, such as an ornate palace or the 
interior of a thoatre. 

Shading. After a picture has been outlinod 
in linear perspective, its shading has to be con- 
sidered. When an object stands in the way of 
sun- rays, any of its sides which aro moro or' less 
to the hack of the sun. are said to bo in shade, 
and the intercepted rays causo a shape (derived 
from the outer boundary of 
the object) to be cast, as 
a silhouette of that object, 
on to the groun l or other 
surfaces which may he 
within the field of opera- 
tion. This is called the 
shadow. To draw in pers- 
pective the outlines of 
shadows, note that sun-rays 
are all taken as parallel lines. 

Therefore treat the projected 
shadow of anv object as an 
isometrical projection of that 
object fn m one plan:* to 
another (sec article on 
Geometry). After this put 
into perspective the outlined 
p/on of the shadow thus 
obtained— jui operation done 
by the same perspective rules 
as those already explained. 

Then corn 's the question 
of ton ‘s for shades, shadows, 
and local colours. A surface 
in shade has a lighter tone 
than the shadow it casts. 


^The brighter the light the darker the 
shadow, and the more marked the difference 
in depth of tone between shade and shadow. 
Tones other than those showing shades and 
shadows stand for the local colours of the 
objects seen, and vary in depth accordingly. 

Aerial Perspective. Finally, the whole of 
the toneB are affected by what is called aerial 
perspective. Here the principle involved has 
to do with the relative density of the atmo- 
sphere through which objects are seen, by reason 
of that density affecting the vision through 
which it may be said to havo to pierce. Hence, 
for instance, distant mountains appear misty 
I grey or blue, though their actual colour, when 
seen near, may be otherwise, such as bright or 
dark green. Observation and practice alone can 
efficiently reveal the facts of aerial perspective, 
after the mind has been warned to look out for 
them. 

Thus perspective and the proportions of the 
human figure should be mastered from the very 
outset. There is no better teacher of drawing 
than the human figure. All the time that the 
sfudent is mastering the human form i»nd 
drawing its anatomy stripped of tho beautify- 
ing skin (not learning it by rote, like words, 
bo it remembered), he is increasing his 
powers with the pencil. And in just the 
same way it is well to practise circular flat 
forms, cones, squares, and so on, above and 
below the oye, to get the perspective effects 
correctly. 



To be continued 
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LATIN AND ENGLISH 

By G. K. Hibbert, M.A., Classical Master at Broadgfate School, Nottingham 




LATIN Cm 'p?yr m 

By Gerald K. Hibbert, M.A. 


Section I. GRAMMAR. 

Pronouns and Adjectives : Peculiar 
Declensions. Some numeral adjectives, and 
all the pronoun-adjectives except metis, tuus , 
mus, noster , and vester, have the ending -ins 
for all genders of the genitive singular, and 
-i for all genders of the dative singular. The 
words belonging to this class are untie (one), 
ullus (any at all), nullits (none), solus (alone), 
totus (whole), alter (the other), uter (which of 
two), and its compounds uterque , etc., neuter 
(neither), alius (other, another), tile, iste , ipse, 
hie , is, idem., qui, and all its compounds. The 
last seven have already been declined. The first 
five are declined like bonus (except, of course, 
genitive and dative singular), alter, like tener, 
and uter and neuter, like niger (except genitive 
and dative singular). Alius has its neuter, 
nominative and accusative singular ending 
in -d. 

The following rhyme may be helpful : 

44 Unus, solus, totus. ullus, 

Uter, alter, neuter, nullus.” 


Examples : 




Singular . 



Masc. 

Fein. 

Neut. 

N. 

alius 

alia 

alfud 

Acc. 

alium 

aliam 

aliud 

Uen. 


alius 


Dot. 


alii 


Abl. 

alio 

alia 

alio 



Plural. 



Masc . 

Fern* 

Neut. 

Nom. 

alii 

alio) 

alia 

Acr. 

alios 

alias 

alia 

Gen. 

aliorum 

aliarum 

aliorum 

D. do Abl. 


aliis 



Singular. 



Masc. 

Fein. 

Neut. 

Nom. 

unus 

una 

unum 

Acc. 

unum 

unam 

unum 

Gen . 


unius 


Dai. 


uni 


Abl. 

uno 

una 

uno 



Plural. 



Masc. 

Fem. 

Neut. 

Nom. 

uni 

unre 

una 

Acc. 

unos 

unas 

una 

Gen. 

unorum 

unarum 

unorum 

D.dcAU. 


unis 



Note. Unus in the plural is used only with 
nouns whose plural denotes a singular, as unn 
castra — one camp ( castrum — a fort ; castra , 
plural — a camp). 

Before leaving the pronoun-adjectives, the 
following correlatives may bo noticed : 

Interrogative. Quahs (of what kind) ; quantus 
(how groat) ; quot (how many). 

Demonstrative. Talis (such) : tantus (so great) ; 
tot (so many). 

Relative. Qualis (as) ; quantus (as) ; quot (as). 

Indefinite. Aliquantus (of some size) ; aliquot 
(some few). 

Universal. Qualiseumque (of what kind 
soever) ; quantusoumque (how great soever) ; 
quotcumque (how many soever). 

The Numerals. There are four main kinds: 

1. Cardinal (one, two, three), answering the 
question quot = how many (adject ives), 

2. Ordinal (first, second, third), answering the 
question quotus — which, in numerical order 
(all declinable adjectives). 

3. Distributive (one each, two each), answering 
the question quoteni --- how many each (all 
declinable plural adjectives). 

4. Adverbial (once, twice), answering tho 
question quotient — how many times (adverbs, 
and therefore indeclinable). 



Cardinal . 

Ordinal. 

Distributive. 

Adverbial . 

1. 

unus, a, um 

f primus, a, um 
\ prior, first of two 

singuli, a*, a 

Bemel 

2. 

duo, fie, o 

/ secundus 
\ alter 

bini 

bis 

3. 

tres, tres, tria 

tertius 

terni or trini 

tor 

4. 

quattuor 

quart us 

quatemi 

quater 

5. 

quinque 

quintus 

quini 

quinquiens 

6. 

sex 

sextus 

seni 

sexiens 

7. 

septera 

Septimus 

septeni 

septiens 

8. 

or to 

octavus 

oetoni 

octicns 

9. 

novem 

nonus 

noveni 

noviens 

10. 

decern 

decimus 

deni 

deciens 
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Cardinal . 

Ordinal. 

Distributive. 

Adverbial . 

11. 

undecim 

undeciraus 

undeni 

undeciens 

12. 

duodecim 

duodecimus 

duodeni 

duodociens 

13. 

tredecim 

tertius dccimus 

temi deni 

terdecicns 

14. 

quattuordecim 

quartus dccimus 

quaterni deni 

quater deciens 

15. 

quindecim 

quintus decimus 

quini deni 

quindeciens 

16. 

sedecim 

sextus decimus 

seni deni 

Bedeciens 

17. 

sept mdecim 

septimus de imus 

septeni deni 

septiens deoiens 

18. 

duodeviginti 
(two from 20) 

duodevicesimus 

duodeviceni 

duodevieiens 

19. 

undeviginti 

undevicesimus 

undeviceni 

undevioiens - 

20. 

viginti 

vioesimus 

viceni 

viciens 

21. 

unuB et viginti 

or viginti unus 

unus et vicedmus 
{rarely primus) 

viceni singuli 

semel et viciens 

22. 

duo et viginti 

or viginti duo 

alter et vicesimus 

viceni bini 

bis et viciens 

30. 

triginta 

tricesimus 

triccni 

triciens 

40. 

quadraginta 

quadragesimus 

quadragoni 

quadragiens 

50. 

quinquaginta 

quinquagesimus 

quinquageni 

quinquagiens 

60. 

sexaginta 

sexagesimus 

sexageni 

sexagiens 

70. 

septuaginta 

septuagesimus 

septuageni 

septuagiens 

80. 

octoginta 

octogesimus 

octogcni 

octogiens 

90. 

nonaginta 

nonagesimus 

nonageni 

nonagiens 

100. 

centum 

centcsimus 

centeni 

ccntiens 

200. 

duccnti, a?, a 

ducentesimus 

dueeni 

ducen tiens 

300. 

trecenti 

treccntesimus 

trcccni 

trecentiena 

400. 

quadringenti 

quadringentesimus 

quadringeni 

quadr ingen t iens 

500. 

qu ingen ti 

qu ingen tosimus 

quingeni 

quingentiens 

000. 

soscenti 

Hescentesiraus 

sesceni 

sescenticns 

700. 

septingenti 

septingentosimus 

aeptingeni 

septingen tiens 

800. 

octingenti 

octingcntesimus 

octingeni 

octingenti ens 

900. 

934. 

nongenti 
nongenti triginta 
quattuor 

nongentesimus 

nongen i 

nongen tiens 

1,000. 

millo 

millcsimus 

singula millia 

milliens 

2,000. 

duo millia 

bis rnillesimus 

bina millia 

bis milliens 

500,000. 

quingenta 

q u ingen tiens 

quingena 

quingentiens 


millia 

millcsimus 

millia 

milliens 

1,000,000. 

decicns centum 

decicns cent ions 

decicns 

deciens ccntiens 


millia 

millcsimus 

centena millia 

milliens 


Note. The cardinal numbers from quattuor to 
centum , inclusive, are indeclinable ; units has 
been declined above ; duo and tres are declined 
thus : 



Masc. 

Fem. 

A cut. 

N 

duo 

dua» 

duo 

Arc. 

duos (or duo) duas 

duo 

Gen. 

duorum 

duarum 

duorum 

D. de .46/.duobus 

duabus 

duobus 

N . 


tres 

tria 

Acc. 


tres 

tria 

Gen. 


trium 


D. de All. 


tribus 



Ambo (both) is declined like duo. 

Millt , used as an adjective, is indeclinable ; 
but when used as a noun, it has a declinable 
plural millia , millium , m illibus — e.g., in ill e 
milites = 1,000 soldiers ; trio millia militum — 
3,000 soldiers (literally, three thousands of 
soldiers). 

Duo- and un- in composition (as in duode- 
centum =98) do not change, whatever be the 
case or gender. 
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The Distributives are usod : 

1. To denote that the number belongs to each 
of several persons or things — e.g..quinos comites 
add i ex in nix — we brought five companions each. 

2. In expressions of multiplication — e.g., bis 
bina - twice two ; decies centena millia = a 
million (100,000 taken each of ten times). 

3. With nouns which have no singular, or 
differ in meaning in singular and plural — e..g., 
bina rostra - two camps. In this sense, uni, 
not singuli, is used (see above, una castra) ; also 
trini, not terni — r.g., trimr aedes — three houses 
( aedes in singular = room or temple ; in plural, 
= a set of rooms— i.c., a house). 

The ordinals, not the cardinals, are used in 
giving the date — e.g., in the year 1905 = anno 
millesimo nongentesimo quinto. 

Multiplicative adjectives are formed with the 
suffix plex — fold — e.g ., simplex . duplex , triplex , 
decern plex, cent u plex. 

Every other is expressed by alierni — e.g., 
aUcrnis diebus — every other day (ablative of 
time at which : literally, on every second day). 
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SCHEME OF THE FOUR CONJUGATIONS— PASSIVE VOICE 

Indicative Mood. 



Singular. 



Plural. 


Present. 

1 . 

2. 

3. 

1 . 

o. 

3. 

Am* 

or (I am loved) 

aris 

atur 

amur 

amini 

antur 

Mon- 

eor (I am warned) 

§ris 

etur 

emur 

emini 

entur 

Reg- 

or (I am ruled) 

6ris 

itur 

imur 

imini 

untur 

Aud- 

ior (I am heard) 

iriB 

itur 

imur 

Imin 

iuntur 

Future Simple. 






Ama* 

Mone- 

Reg- 

Audi- 

| bor 

J. ar 

beris 
(or bere) 
eris 

l 

bitur 

etur 

bimur 

emur 

bimini 

emini 

buntur 

entur 


Imperfect . 

Ama- ^ 

Mone- I 

Rege- j 

Audie- ' 

Perfect. 

Amatus Bum, 
Monitus sum, 
Rectm sum, 
Auditus sum, 

Future Perfect. 
Amat- \ 

Monit- I 

Root- 1 

Audit- ' 

Pluperfect 
Amat- ^ 

Monit- \ 

Rect- j 

Audit- J 


Present. 


baris 
{or bare) 


amatus es, amatus est 
monitus es, monitus est 
rectus es, reetm est 
auditus es, auditus est 


bamur bamini bantur 


Amati sumus, estis, sunt 
Moniti sumus, estis, sunt 
Recti sumus, estis, sunt 
Audit i sumus, estis, sunt 


i i 

eritis erunt 


eramus eratis 


Subjunctive Mood. 

Singular. 


Am* 

er 

erin 

etur 

emur 

emini 

entur 

Mone 

\ 

(or ere) 





Reg- 

r ax 

aris 

atur 

amur 

amini 

; ntur 

Audi- 

J 

(or are) 





Imperfecl . 
Ama- 

\ 






Mone- 

Rege- 

Audi- 

i rer 

j 

reris 
(or rere) 

retur 

remur 

remini 

rentur 

Perfect. 

Amat- 







Monit- 

I UB 

us 

us 

i 

i 

i 

Rect- 

Audit- 

j sim 

s s 

sit 

simus 

sitis 

sint 

Pluperfect. 

Amat- 







Monit- 

1 us 

us 

us 

i 

i 

i 

Reet- 

j essem 

esses 

esset 

essemus 

essetis 

eHsent 

Audit- 

J 

Present Tense. 

Imperative 

Mood. 

Future 

Tense. 



2nd Sing. 

amare (be thou loved) 


2nd PI. 

amamini (be ye loved) 


regimini 

audlmini 


2nd Sing. 
amator (thou 
must be loved) 
monetor 
regitor 
auditor 


3rd Sing. 
amator 

monetor 

regitor 

auditor 


3rd PI 
amantor 

monentor 

reguntor 

audiuntor 
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Infinitive Mood. 

Pres, and Imperfect. Perf. and Pluperfect. 


am a 
mono 
reg- 
al j cl i- 




i 

ri 


Future In fin. 


am at- ] 
monit- ! 
reel - I 
audit- J 


um iri 




amat- 
monit- 
rcet- I 
audit- J 

Perfect Participle. 
amat- 
monit- 
root- 
audit- 


us, a, urn 


Gerundive. 


amand - \ 

monend- | 
regend - f 
audiend- ' 


us, a, um 


[Refer back to Table giving derivation of the 
verb forms, on page 244, and trace out all the 
passive forms.] 

Notes. 1. There is an alternative form in 
2nd singular, present, indicative, passive ( ris 
or re) — e.g..amaris or arnare. Rut the latter is 
seldom used, on account of the confusion with 
infinitive active and imperative passive (both 
amare). 

2. Note how much the perfect participle 
passive is used. It forms all the perfect tenses, 
indicative and subjunctive, with parts of sum. 
It is declined like bonus — t.g., puttier anmltr 
aunt — the girls have l>een loved. 

3. The gerundive is a verbal adjective ; its 
use will be explained later. 

4. There are three participles wanting in 
Latin : 

(o) Act. Perf. Ptc., “ having loved.” We 
must use quum amaidsset — when he had 
loved, or some similar construction. 

(b) Pass. Pres. Ptc., “ being loved.” Say 
qui amatur or dum (while) amatur. 

(c) Pass. Put. Ptc., “about to be loved.” 
Say qui amahitur or something similar. 

But note carefully that amat us does not mean 
“having loved.” It means “having been 
loved.” The importance of this will appear 
later. 


Section II. SYNTAX. 

The Ablative Absolute. A participle 
and a substantive (or pronoun) joined to- 
gether and standing by themselves, inde- 
pendent of the rest of the sentence, are usually 
both put in the ablative case — e.g., The city 
having been captured, Caesar withdrew = vrbe 
capta , Ccrsar se recepit. These things being 
finished, the king entered the temple - his 
confectis, rex in tern plum intravit. 

In either of these two sentences, the two words 
in the ablative could be omitted without 
impairing the grammatical completeness of the 
sentence : without them we should still have 
complete sentences, “ Cwsar withdrew,” “ The 
king entered the temple.” Therefore, the 
words in. the ablative are absolute — i.e. , in- 
dependent. But in a sentence like this, “ The 
city, having been captured, was burnt,” we 
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could not remove the words “ the city having 
been captured ” without ruining the sentence. 
Therefore, this is not “ absolute,” and “ city ” 
is nominative to “ was burnt ” (urbs capta 
[nominative] incensa eat). 

So the ablative absolute cannot be used if the 
person denoted by its substantive is either the 
subject of the principal verb of the clause (as 
in the sentence just given) or the object (as, 
“ Ciesar having taken the city, burnt it ” = 
Cmsar captam urbem incendit — i.e., Caesar burnt 
the taken city). 

Other examples of the ablative absolute: 

Regnante Victoria =in the reign of Victoria 
(literally “ Victoria reigning ”). 

Nullo respondente =no one replying. 

His auditis - having heard, or, hearing this 
(literally “ these things having been heard ”). 

Often with adjective instead of participle : 

Me invito = against my will (I being un- 
willing). 

Te duoe -under your leadership (you being 
leader). 

Me auetore —at my suggestion (I being 
adviser). 

Sal vis legibus =■ without breaking the laws 
(the law's being sound). 

Te non adjuvante —without your assistance 
(you not assisting). 

But do not say rege pervento , the king having 
arrived. There is no passive to an intransitive 
verb. 

Sentences to be turned into Latin. 

(Bo not consult the key until you have done 
the work.) 

1. Who was the first to hear about the death 
of Caisar (say, “ Who fir.^t heard about dead 
Ciesar ? ” The Romans avoided abstract nouns 
whore possible, and used participles instead — 
e.g.. the capture of the city •= urbs capta — the 
captured city) r 

2. The war against the Africani having been 
finished ( conficio , confer ! , confectum ), the sol- 
diers returned home to Britain (return — redeo , 
redivi, reditum). 

3. Our native land was conquered by the 
Normans in the year 1066 after the birth of 
Christ (say, “ After the born Christ,” post 
Christum natum). 

4. There is no doubt that ( non est dubium 
quin , with subjunctive) the sun is larger than 
the moon. 

5. He is too brave to fear death (say, he is 
braver than that [ ut ] he may fear death). 

6. Before us are two paths : fhe one leads to 
poverty and right, the other to wealth and 
shame : I ask you which of the two you choose. 
(“You chooBe ” must be subjunctive, because it 
is in an indirect question — i.e., it depends on the 
main verb “ I ask ”) 

7. Be thou faithful unto death, and I will 
give thee a crown of life. 

8. The great Bruce, having watched the spider 
in the cave, resolved to be of good courage {bono 
animo . ablative of quality). 



Key to Preceding. 

]. Quis primus de morr-uo Capsare audivit ? 

2. Bello contra Africanos confecto. militea 
domum in Britanniam rediverunt. 

3. Patria nostra a Normannis anno millcsimo 
sexagesimo sexto post Christum natum superata 
est. 

4. Non est dubium quin sol sit major quam 
luna (nom.), or luna (ablative, without quara). 

5. Fortior est quam qui or ut mortem timeat. 

6. Ante nos sunt duae viae : altera ad pauper- 
tatem et honesta (acc. neut. plu., honourable 
things), altera ad divitias et dedocus ducit : rogo 
utram deligatis. 

7. Esto fi delis usque ad mortem, et dabo tibi 
coronam vitae. 

8. Ille Brutius, quum araneam in antro 
observavisset, esse bono animo constituit. 

Hection III. TRANSLATION. 

(The numbers at side of words indicate the 
order in which the words are to be taken : Mote 
them carefully. The letters in brackets refer to 
the notes at the end.) 

“ Caesar’s First Landing in Britain.” 

Quod (a) 4 ubi 1 Caesar 2 animadvertit, 3 naves (6) 7 
longas, 0 quarum* et” species 10 erat 1 1 barbaris 13 
inusitatior, 12 et 14 motus 16 ad 17 usum ls expe- 
dition 10 paulum 20 removed 19 ab 21 onerariis 22 
navi bus, 2,1 et 24 remis 2(5 incitari, 25 atque 27 inde 2 * 
fundis 33 , sagittis, 34 tormentis, 35 hostes 29 pro 
pelli 30 ac 31 submoveri 32 jussit/’ Quae 1 res 2 
magno 4 usui’ nostris 0 fuit. 3 Nam, 1 et 3 n avium 5 
figura, 4 et 0 romorum 8 motu, 7 et° inusitato 10 
genere 11 tormentorum 12 permoti (c), 2 barbari 13 
constiterunt (d) 1 1 ac 16 paulum 1 7 modo 70 pedein 1 w 
retulcrunt (?). 18 Atque, 1 nostris 2 militibus 3 
cunctantibus (/), 4 maxime 5 propter' 1 altitudinem 7 
maris, 8 qui (/ 7 )' 1 decimae 12 legionis 13 aqui.'am 11 
ferebat, 10 contestatus (A) 14 Deos, 15 ut ,u ea 17 
res 18 legioni 21 feliciter 20 eveniret 11 *: “ Desilite 
inquit, 2 “ commilitones, 3 nisi 1 vultis (t*) 5 aquilam 7 
hostibus 8 prodere 0 : ego” certe 10 mourn 12 rei- 
publioas 14 (from respubbea) atque 15 imperatori 10 
officium 13 profit itero”( k) } J . Hoc ; cuni(Z. 1 magna 1 
voce 5 dixisset. 2 ex' navi°se 7 projecit (m) *, atque 10 
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in 14 hostes 1 5 aquiiam 13 ferre 12 cuepit. 11 (From 
Cfesar, De Bello Gallico, Book IV, chap. 25.) 

Notes, (a) Quod : acc. of qui, governed by 
animadvertit. We say, “ When Caesar perceived 
this ” ; the Romans said, “ Which thing when 
Ciesar perceived.” 

(b) Navis longa = a ship of war. 

(c) Permoti (from pormoveo), is nom. pi. of 
f>erf. participle passive, agreeing with Itarbari. 
“ The barbarians, having been influenced by the 
shape of the ships,” etc. Figura, motu and 
genere are abl. after Permoti. 

(d) Perfect of mnsisto. 

(e) Perfect of rejero. 

(/) Ablative absolute. 

(g) Qui — ho who. 

(ft) Contestatus — calling to witness (though 
passive in form, it is active in meaning). 

(t) Second pi. pres, indie, from wlo, T wish. 

(k) Fufc. perf. of praesto, 1 discharge. 

(l) Cum is another rorm of quum , when. 

(m) Perfect of projicio. 

Key to Above Passage. 

“ When Caesar perceived this, ho ordered the 
ships of war (of which both the appearance was 
more novel to the barbarians, and whoso move- 
ment was quicker for use , to be moved a little 
from the vessels of burden — i.e., transports — 
and to lie urged forward by oars, and then the 
enemy to be dr iven back and dislodged by slings, 
arrows, and engines. This thing was (lor) a 
great advantage to our (men). For, having boon 
influenced both by the shape of the ships and 
by the motion of the oars and by the unusual 
kind of engines, the barbarians halted, and drew 
back (their foot) a little. And, as our men were 
hesitating, mostly on account of the depth of 
the sea, he who carried the Eagle (standard) of the 
10th legion, calling the godN to witness that that 
thing would turn out luckily for the legion, -ays. 

‘ Leap down, fellow-soldiers, unless you wish to 
hand over the eagle to the foe. J, at any rate, 
will have discharged my duty to the republic and 
to tho general.’ When he had said this with a 
loud voice, he threw himself from the ship and 
began to carry the eagle against the foe.” 


To be continued 
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PRONOUNS— -continued 

2. Demonstrative Pronouns. This and 
that, with their plurals, these and those. 

When used with nouns, they are demonstra- 
tive adjectives [see last Lesson], as : “ these 

sheep.” But when used as nouns — i.e., without 
being joined to a noun or requiring a noun to be 
understood, they are pronouns, as in the follow- 
ing instances : 

a. When used to prevent repetition of pre- 
ceding noun, as : “ The army of Germany 
is larger than that of France.” 


b. When this and that = the one . . . 

the other — this referring to the la.4- 
mentioned thing, that to the first mentioned, 
as : 44 We offer you either war or peace : 
this means prosperity, that destruction.” 

3. Interrogative Pronouns. Who , what, 

which, and whether. 

These are used in asking questions, either 
direct questions, as : Who is there ?, or indirect — 
i.e., questions depending on a previous verb, 
as : “He asked who was there.” 

Who , which, and what, are also used as relative 

ao5 
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pronouns [see next Section], but they were 
originally interrogatives. 

Who is thus declined : 

Singular and Plural 

Nominative Who (Anglo-Saxon hwa) 

Objective Whom 

Possessive Whose 

Which and what are indeclinable. What is 

the neuter of who (c/., it, that). Which -hwi 
lie (“ who like,” hwi being the old instrumental 
case of hwa). Whether means “ which of the 
two ? ” ( who-ther ). 

Who is used with reference to persons only, 
never to things : it is always a substantive. 
Which and what are used both substantively and 
adjeotively — e.g., “ What did you go out to 
see ? ” ( -ubstantively) ; “ What sneaking fellow 
comes yonder ? ” (adjeotively) ; “ Which was 
the braver ? ” (substantively) ; “ Which way 
went the Spirit of the Lord ? ” (adjeotively). 

Who and what, ask perfectly indefinitely : 
which asks for one out of a selected class or group. 
What is neuter when used as a substantive. 

What (interrogative) is often used in exclama- 
tions, as : “ What dreadful sufferings, with 

what patience, he endured ! ” (Charles Lamb). 
It is sometimes used adverbially = why "l— e.g., 
“ What should I Htay Y ” ; “ What need we any 
spur ? ” 

Whether as an interrogative pronoun must bo 
carefully distinguished from the conjunction — 
e.g., “ He asked whether you were in ” (con- 
junction) ; “ Whether of the twain will ye that 
1 release unto you ? ” (pronoun). 

4. Relative Pronouns. That , who, what , 
which. Almost all the pronouns “relate" to 
some previous noun, but these “ relative 
pronouns ” also connect the clause which they 
introduce with the former part of the sentence. 
In the sentence just written, for example, 
which is a relative pronoun referring to “ clause ” 
(called the antecedent ), and connecting the clause 
“ which they introduce ” with the earlier part of 
the sentence. 

Relative pronouns, therefore, introduce sen- 
tences which are adjectital to some noun or 
pronoun in another sentence, for in the above, 
the sentence “which they introduce" limits or 
qualifies the meaning of “ the clause,” and is 
therefore adjectival. 

If we examine any sentence containing a 
relative pronoun — e.g., “He whom thou lovest 
is sick," we see that but for the use of 
the relative, the sentence must have been 
broken up into two separate parts : “ He is sick : 
and thou lovest him.” This is true of no other 
pronoun, so that a relative pronoun is really a 
pronoun and conjunction combined. (This is 
seen very clearly in Latin : the Latin idiom for 
“ I sent my slave in order that he might tell you ” 
is, “ I sent my slave who might tell you," and for 
“ and when he had done it” Latin says “ which 
when he had done.") 

That is our oldest relative. As a relative, 
it is always a substantive, and may refer to 
either persons or things ; it is also indeclinable— 
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e.g., “ This is the house that Jack built.* Mark 
but my fall, and that that ruined me. It cannot 
always be used for who ; we cannot say : My 
father that is an old man.” It is used for who 
or which only when the antecedent is incomplete 
and requires further definition — e.g., “ Blessed 
are they that mourn,” “ All is not gold that 
glitters/* [Note. That may be (1) conjunction, 
(2) demonstrative adjective, (3) noun, (4) rela- 
tive pronoun, (5) demonstrative pronoun. In 
the following sentence, “ that ” illustrates each 
of these parts of speech in the order named : 
“ said that, that ‘ that ’ that the boy had 
written was that of a bad writer.”] 

Who passed from the stage of an interrogative 
pronoun to that of an indefinite pronoun, mean- 
ing “ any one ” (cf. the expression : “ As who 
should say "). It then became an indefinite 
relative by the addition of -soever, and finally 
became an ordinary relative, the -soever being 
dropped. It is declined like the interrogative. 

“ Who ’* and “ whom ” are now used only of 
persons, but the possessive “ whose ” can be 
used even of lifeless things — e.g., “ Nebuchad- 
nezzar made an image of gold whose height was 
threescore cubits ” (Daniel). 

What is used only of things, and never relates 
to any antecedent except that (which is always 
understood and never expressed) ; it is there- 
fore used in the singular only. “ What all 
desire, must be good " — i.e., u that which all desire, 
etc.’* There are instances of the relative what 
list'd as an adjective, but they should not be 
copied — e.g ., “ What time 1 am afraid, I will trust 
in Thee " (Psalms). What used to have other 
words as antecedents, but nowadays it is 
incorrect to say : “ The man what said it, is 
dead.” 

Which is the ordinary relative referring to 
animals or things, as who to persons. It was 
formerly used of persons as well — e.g.. “ Our 
Father which art in heaven." In the English 
Bible it is often preceded by “ the " — e.g., “ In 
the which ye also walked.” It differs from 
who in that it can be used as an adjective — e.g., 
“which things have indeed a show of wisdom ” 
(Oolossians). “ Who " and “ which ” can alw r avs 
be used where “ that ” (relative) is used, though, 
as wo have seen above, the converse is not true. 

“ Of which,” “ by which,” “ in which,” etc., 
are sometimes written “ whereof,” “ whereby,” 
“ wherein.” Similarly “ thereof ” = “ of this,” 
or “of it.” 

Who, which, and what may each be compounded 
with - ever and - soever , and who may also be 
compounded with -so (whoso). The forms in 
- so and -soever are not often used now. “ Who- 
soever " is declined — nom., whosoever ; obj., 
whomsoever ; pos., whosesoever. 

Rules op Relative and Antecedent. 
A. A relative pronoun must have an ante- 
cedent, expressed or understood. This may be 
a noun, a pronoun, a noun-phrase, or a noun- 
clause. The antecedent of who and that is 
sometimes understood — e.g. : 

“ ... Who reads Incessantly, and to 

his reading brings not A spirit and judgment 
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equal or superior . . . Uncertain and un- 

settled still remains.” (“Paradise Regained.”) 

(Here “ he ” is understood before “ who.”) 

“ That thou doest, do quickly.” (Here that 
= “ the thing which.”) 

B. The relative agrees with its antecedent 
in number, gender, and person ; but its case is 
determined by its own clause — e.g., “ I, who 

erewhile the happy garden sung ” {who is 
first person, singular, masculine, agreeing with 
antecedent “ I ” ; its case is determined by its 
own clause, it being nominative because subject 
to “ sung ”). 

“ Those (nom.) whom (obj.) the gods love 
die early ” ( whom is plural, common gender, 
agreeing with those ; but it does not agree with 
“ those” in case, being objective after “ love ”). 

“ To those who ask how kind thou art ” 
(here those is objective and who nominative). 

Important Note : Who , both as rolative and 
interrogative, presents endless difficulties to 
“ the man in the street,” and there are com- 
paratively few Englishmen who arc always 
sound in their grammar on this point. Even 
the Authorised Version of the Bible breaks down 
here, a very rare thing indeed. In Mark viii. 27, 
we read : “ Whom do men say that I am ? ” 
This, of course, should be “ who,” as we see if 
we alter the form of the sentence : “ Who am I, 
do men say ? ” If we keep “ whom,” we must 
say : “ Whom do men think me to be *t ” All 
such expressions as “ Who did you see ? ” 
“ Who did you speak to ? ” “I know who you 
mean,” “ The man who I saw ” should be 
avoided. 

Omission of the Relative. The relative 
is often omitted, but only when if expressed 
it would be in the objective case— e. g., 
“ The thrifty hire I saved under your father ” 
(“ As You Like It ”), where “ which ” is under- 
stood. This is very common in colloquial English : 
“ The book he gave mo is lost.” It is said, how- 
ever, that in the English Bible the relative is not 
once omitted. 

We sometimes omit a preposition as well as 
a relative, as : “ the way he walks ” (for “ the 
way in which he walks ”). This i * very slip- 
shod. 

The relative should never be omitted — 

a. When, if expressed, it would be in the 
nominativ . 

b. When th" relative sentence, instead of 
defining or restricting the antecedent, 
states some further circumstance attending 
the antecedent, and is continuative or 
ampliative rather than restrictive. If wo 
compare the two sentences: (1) “ He broke 
the pen which I lent him,” (2) “His 
eldest son, whom he had lost many years 
before, had always been his favourite,” we 
see the difference. In (1) which defines 
limits, restricts the meaning of pen ; in 
(2) whom amplifies and enlarges on “ his 
eldest son.” 


The which in the first sentence could be omitted, 
but whom in the seoond could no be left 
ou . 

“ Than whom” For Borne unknown reason, 
the relative is always put in the objective after 
“ than,” even in cases where any other pronoun 
would be in the nominative— e.g., “ Which when 
B elzebub perceived, than whom, Satan exoept, 
none higher sat, with grave aspect he rose.” 
(“ Paradise Lost.”) 

As is often used as a relative pronoun, after 
“ same ” and “such” — e.g., “This is the same 
as that,” “ ’Tis still a dream, or else such stuff 
as madmen tongue ” (“ Cymbeline ”). 

In old English the genuine relative was used 
after such — e. ., 

“ Such an enemy 

Is risen to invade us, who no 1 as 

Threatens than our expulsion down to Hell ! ” 

(Milton.) 

As such meant “ so-like,” which, meaning 
“ what-like,” naturally followed it ; and so 
with the other relatives, “ who ” and “ that.” 

f>. Indefinite Pronouns. One , none , aught , 
naught , any , other , another , some. 

One: a. Adjectively, meaning “some,” “a 
certain,” as : “I shall one day perish.” 

b. Substantively, meaning “a certain per- 
son,” as: “One in a certain place testi- 
fieth ” (Hebrews). It is often used in the 
plural, as : “I have also called my mighty 
ones ” (Isaiah). It is also used like the 
French on and the German man: “One 
can never say what will happen.” 

None is used for no when the noun is omitted, 
as : “ ... those kindnesses that I have 

done for you. I know of none.” 

Auoht is from the Anglo-Saxon a = over, 
and wiht - thing. Naught is its negative 
(sometimes spelt “ nought ”), and not is a con- 
tracted form of this. They are n t often used 
now, “ anything ” and “ nothing ” usually 
take their places. 

Any is derived from ne , and was originally 
spelled ony. * 

Other means “ one of two.” (c/. the - ther 
in “whether”). It is used as an adjective 
and as a pronoun ; in the latter caso it is 
declined : 

Singular. Plural . 

Nom. and Obj. other others 

Poss. other’s others’ 

“ The one . . . the other ” are used 

when only two are spoken of ; “ one . . . an- 

other ” when more than two. Similarly, the 
expression “ one another ” is not correct when 
used of only two persons : we should then use 
“ ea h other.” 

6. Distributive Pronouns. Each , every , 
either , neither. 

Each denotes all taken separately ; it can be 
either adjective or pronoun — e.gr., “ Each morn- 
ing sees some task begun ” (adjective) ; “ The 
kings sat, each on his throne ” (pronoun). 

In the phrase “ each other ” the two pronouns 
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were originally independent, hut the two words 
are now treated as a compound. Strictly 
speaking, in the sentence, “ They killed each 
other,” each is nominative, and other objective 
(“ they killed, each killing the other ”). 

Every (ever-oach) is very similar to each. It 
is usually an adjective (“ every man to his tent ”), 
though originally it stood as a pronoun by 
itself. 

Either ; Neither — one of the two (but 
not both); not one of the two. “Either” 
and “ Neither ” should be used only when 
there are two alternatives : “ either of the 

three ” is wrong. 

Each , every, cither , neither should be followed 
by a singular verb, as they are always singular 
~-e.g., “ Each man knows what suits himself.” 

Exercise on Pronouns. 

1 . In the following passage pick out and classify 
all the pronouns : 

“There was once a dog who was crowing a 
bridge, carrying a bone in his mouth. Looking 
into the water, he saw another dog, that also 
had a bone in his mouth. * I should like that,’ 
he thought to himself, 4 be ter than this.* So 
he dropped his own bone t o seize the other, and 
lost them both. Who could b lieve that any 
dog' could be so foolish as ho ? ” 

2. C rrect, the following sentences : 

a. Who is there ? It is m \ 

b. Let each esteem other better than 
themselves. 

c. I have a brother is ondeinnod to death. 

d. I won’t say who I mean. 

e. Everybody has their faults. 

Key to Exercises on Pace 447. 

Faulty sentences : 

1. Omit “ the rest.” 

2. “ BeBt ” Bhould l>e “ the better.” 

3. Omit the second “a.” 

4. If one man fills both these offices, this is 
correct ; otherwise insert “ the ” before “ Trea- 
surer. ” 

5. Insert “ other ” before “ poet.” 

6. Insert “ a ” before “ green.” 

VERBS. 

A verb is a word which says something about 
a person or thing, or groups of persons or things 
— as “ time flies" “ dogs hark" It was called 
verb (Latin verbum ^ a word) because it is the 
most important word in a sentence. 

Every grammatical sentence must contain at 
least two words, the one naming a person or 
thing (or groups of persons or things), the other 
telling us with regard to the first that it does 
something, or is in some state, or has something 
done to it. The first is a noun and is called the 
Subject, the second is a verb and is called the 
Predicate. 


Transitive and Intransitive Verbs. 

1. A transitive verb (Latin transire — to go 
across) is a verb of action which affects an 
object • the action “ goes across ” from the doer 
to someone or something else. Therefore every 
transitive verb mast have an object — e.g. 9 “ Fear 
God: honour the king,” “The captive broke 
his chains.” 

2. An in transitive (or neutor) verb cannot affect 
an object ; it denotes a state or condition, or 
an action confined to the doer — e.g., “Men die,” 
** The top spins.” 

Many transitive, verbs are sometimes used 
intransitively— e.g., “He burst his chains” 
(trans.), and “The bubble burst ” (intrans.), 
4 ‘ He cut his finger ” and “ This knife cuts well.” 

Transitive verbs can be used reflexively, with 
the reflexive pronoun either expressed or under- 
stood — e.g. f “ He wounded himself,” “ Planets 
move (themselves) round the sun.” 

Inflexions of Verbs. 

Voice. There are two Voices, Active and 
Passive. A verb is in the Active Voice when 
its subject stands for the doer of the action. A 
verb is in the Passive Voice when its subject 
stands for the object of the act : on. Examples : “ I 
killed Cock Robin ” (active) ; “ Cock Robin was 
killed by me ” (passive). In these two sentences 
the same action is expressed — viz., that of killing ; 
but wheroas “ Cook Robin ” is object in the first 
sentence, it is the subject (grammatically) of the 
second. 

Intransitive verbs have no passive voice, as 
they pnss over no action to an object. 

The Passive Voice is formed by prefixing to 
the past participle of a transitive verb the 
different tenses of the verb “to b^” — aB, “I 
shall l>e praised ,” “Thrice was I beaten with 
rods.” Be Hure, however, that the past 
participle is that of a transitive verb • if it is 
that of an intransitive verb, the voice is active, 
not passive— e.g. f “He is dead,” “I am come.” 
We could equally well say, “He has died,” and 
“ T have come.” 

Mood. When a verb makes a direct state- 
ment or asks a direct question, we say it is in the 
Indicative Mood (Lat. indicare — to point out). 
When a verb conveys a command it is said to 
be in the Imperative Mood^Lat. imperare = to 
command). When we wish to express, not so 
much a fact (in which case we should use the 
Indicative) as our conception of the fact, we 
are said to use the Subjunctive Mood. These 
are the three Finite Moods, called “ finite ” 
because the action or state denoted by them is 
“ limited ” by considerations of number, person, 
and time. 

There is a fourth Mood, the Infinitive, in which 
the notion expressed by the verb is absolutely 
M infinite,” unlimited by number, person, or 
time— e.g., “ I cannot speak for tears ” (t.e., “ I 
am not able to speak"). Some grammarian? 
deny that this is a “ Mood ” at all. 


To be continued 


[Further instalments of the French and German Courses appear in Part 5 of the S elf -Educator. ] 
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QUALITIES OF GOOD SERVANTS AND SERVANT LAW 

By A. Eunice T. Biggs 


A SERVANT has boon defined as “a person 
** who is subject to the command of his 
master as to the manner in which he shall do 
his work,” and such a person becomes a domestic 
or menial servant when he “ lives in his master’s 
house and attends to the personal wants and 
pleasures of the master or his household.” 

At present there exist several means of ob- 
taining domestic servants, all more or less un- 
satisfactory. As a general rule the master, or 
more commonly tho mistress, has recourse to 
a registry offico. Here she registers her wants — 
tho kind of servant she is seeking, giving full 
particulars of the age, salary offered and duties 
to he performed by tho person engaged. These 
details are recorded by the keeper of the registry- 
office, whose duty it now becomes, on the pay- 
ment of a fee, to place the would -be mistress 
in communication with suitable servants, dis- 
engaged at the time, who have also registered 
their names as porsons seeking such employment. 
The servants who place their names on tho books 
at a registry- office are often not required to pay 
a fee, or, at all events, they may defer the pay- 
ment until after they have been “ suited ” with 
a situation. 


The Engagement. During recent years 
abuses have arisen in connection with the keeping 
of registry-offices. They have frequently been 
conducted by unscrupulous persons who pocket 
the fees of the mistresses and servants who have 
Mieved their promises, and then make not the 
slightest effort to suit either class of applicant. In 
other cases incompetent, dishonest, and generally 
unsatisfactory servants are sent to mistresses 
seeking servants : the result being considerable 
discomfort and annoyance to both parties. 

Lately an effort has been made to establish 
registry-offices on a more businesslike basis. 
Properly qualified persons competent to ascertain 
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and judge of the qualifications of intending 
servants, and supported in their endeavour by 
tho co-operation of mistrossos, are now under- 
taking the work of bringing into communication 
the intending employer and the servant whose 
character and competence bear close investi- 
gation. 

The Registry-office, Failing the assist- 
ance of the rogistry-offico, both mistress and 
servant must endeavour, by advertisement in a 
daily nowspaper, to obtain tho desired end. 
But the disadvantage of such a method is 
obviouH. It is troublesome to a mistress, since 
in answer to her advertisement she will pro- 
bably get numerous letters from illiterate 
persons, many of them quite incapable of 
executing the duties of tho post offered, or 
of stating their qualifications and experience 
clearly and with accuracy. On the other hand, 
the mistress who answers advertisements pur- 
porting to bo those inserted in the newspaper 
by servants requiring work, will find that, in 
most cases, such advertisements emanate from 
registry-offices, and are merely baits to ensnare 
the unwary and secure a fee. 

Thus it will be soon that at tho present time 
the means by which servants and mistresses can 
get into communication with each other are in 
a very unsatisfactory state. It is therefore to 
bo hoped that during the next few years the 
attempts now being made to place matters on a 
more satisfactory and legal basis will meet 
with success, and so obviate much of the 
annoyance at present experienced by botji 
parties concerned. 

Desirable Characteristics. The com- 
fort of a household is indissolubly associated with 
the character and competence of the domestic 
servant. This being the case, it is not surprising 
that the mistress attaches the greatest importance 
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to the evidence of the past career of the 
servant she engages. It is a serious matter to 
introduce into a household a person of whom 
little is known, whoso previous Rervice will not 
bear full investigation, or who cannot produce 
evidence of good character and a certain amount 
of skill from those with whom ho or she has 
been previously associated. 

In engaging a servant the mistress should be 
on the look-out for certain moral characteristics 
which are most important. On the other hand, 
those who wish for success in the capacity of 
domestic servant will do well to consider the 
value of such qualities and endeavour to acquire 
and exercise them. 

Cleanliness of person and habits of neatness 
und method in general cannot be overrated. An 
untidy, slovenly cook, working unmethodically 
in a dirty, ill -kept kitchen, affords an object- 
lesson of what unsatisfactory domestic service 
may be. Good work cannot be done without 
neatness and method, and untidy habits and 
uncleanly utensils double the work of the servant 
and naturally give much annoyance to the 
mistress. Personal neatness is also of great 
importance. The neat print dress and cap and 
apron of the maidservant and the livery of the 
manservant, if properly cared for, contribute 
greatly to their satisfactory appearance ; and 
with duo attention to such details as neat liair, 
personal cleanliness, etc., the dress of the 
domestic sorvant is at once becoming, suitable, 
and by no means unattractive. 

A Code of Honour. Characteristics 
which are, of course, indispensable to a 
domestic servant are honesty and truthful- 
ness. It is of supreme importance that the 
mistress should bo able to trust the servant 
she engages. The relationship between mistress 
and servant is very personal in its character, and 
the servant will have countless opportunities, 
not only of defrauding the mistress, but also of 
displaying strong moral character and trust- 
worthiness. Temptation to appropriate tho 
employer's goodB is pretty sure to occur — in 
fact, is almost unavoidable, and tho comfort of 
the mistress will depend to a very large extent on 
the degree of confidence she can place in her 
servant. She should be able to trust implicitly 
in her servant's word, and know beyond ail 
doubt that the servant will not abuse the con- 
fidence so entrusted. Many servants who are 
absolutely reliable where money, jewellery, or 
sueh -like valuable matters are concerned, are not 
irreproachable with resj>eet to food, notepaper, 
and other small mat lers. To read an employer's 
private letters, to be aver-curious as to the 
mistress's private affairs — these are character- 
istics which should not be found in a desirable 
servant. The servant who has the highest 
standard of honour will treat his or her master's 
goods with tho economy and respect he ■would 
use towards his own possessions. A dishonest 
servant creates discord in a household ; sus- 
picion is awakened and the spirit of generosity 
and confidence which makes for happiness is 
entirely lost. 
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Good temper and willing service are very 
desirable in a servant. Grudging service loses 
half its value, and a bad-tempered servant will 
be tempted to disrespect and discourtesy, A 
cheerful demeanour and obliging manner lend a 
charm to all service that cannot be overrated, 
and in adding to her mistress’s comfort the 
servant secures her own happiness. 

Good health is a desirable asset from the 
servant’s point of view. A dolicate person 
cannot perform his duties satisfactorily, and the 
attempt leads to much discomfort to both him- 
self and his employer. Domestic service demands 
good health as a first essential, and is not suitable 
except for thos^ who are well equipped for it by 
a liberal endowment of health and strength. 

The Value of Punctuality. Punctu- 
ality is another important characteristic of a 
good servant, and, wo may safoly add, of a 
good mistress also. The characteristics of a 
good master and mistress and their duties 
towards their domestic servants we shall, 
however, consider carefully later. A servant 
should endeavour, for her own sake as well as 
for the sake of others, to cultivate habits of 
punctual rising. The peace of many a house- 
hold has been lost by the irritating delay 
of a late breakfast or an unpunctual dinner. 
Not 1 dug is so wearing to the temper, or so 
trying to the patience, as unpunetuality in tho 
domestic service. Mistresses will do well to 
romemlier that, the punctuality of the servants 
depends to a large extent on themselves, and that 
an unpunctual mistress makes an unpunctual 
servant. 

Lastly, the sorvant must bear in mind that an 
essontial duty is obedience and loyality to the 
master and mistress. The servant has no right 
to consider whether the order given is unreason- 
able or inconvenient. It must be executed, 
provided it is lawful, and within tlie scope of the 
servant’s employment. Refusal to obey justifi- 
able orders may give cause for “ immediate 
dismissal,” which we shall consider in detail 
later in this course. The servant should exercise 
forbearance and restraint in speaking of the 
master or mistress to fellow-servants or other 
persons. The talking over of a grievance often 
magnifies it to an alarming degree, and much 
may be said in haste that will be repented of at 
leisure. A loyal servant will not allow himself to 
belittle any momlwr of the household, but will as 
far as possible identify his interests with theirs. 

A respectful manner towards an employer is 
very desirable, and a servant will do well to 
cultivate habits of politeness both in speech 
and act ion. There is a great distinction between 
respect and servility, and in giving due respect to 
master or mistress the servant does no violence 
to his own independence and proper pride. 

The Giving of Testimonials. In 

order to protect a mistress when engaging 
a new' servant, it is customary for a w'ritten 
statement called “ a character ” to be given 
by a previous employer. A mistress is, however, 
under no legal obligation to give the servant 
a character. It is, nevertheless, customary to 



do so, and refusal is generally very prejudicial 
to the servant concerned, implying, as it does, 
that the late employer is unable to testify to his 
good qualities. If a mistress consents to give 
a character, she must be careful to state the 
truth, and nothing but the truth. There must 
be no exaggeration either of the servant’s quali- 
ties or imperfections. The “ reference ” should 
be an unprejudiced statement of the servant’a 
characteristics, and should give a correct im- 
pression of the servant’s abilities. Such a 
statement so made, whether by word of mouth 
or in wiiting, is held in law as “ a privileged 
communication,” and the master making such 
“ privileged communication” does not render 
himself liable for slander or libel. This security 
of the master holds good even if the statements 
made in giving the “character” be untrue, un loss 
it can be proved that the statement was made 
“ maliciously.” 

Privileged Communications. In order 
to bring successfully an action for libel or 
slander against a master, the servant must 1x3 
able to prove not only that the statements 
made are untrue, but also that they were 
made “ with malice.” Should the servant l>e 
able to show that the master made certain 
statements with regard to the servant’s character, 
knowing them to he untrue , evidence of malice 
could be proved. Supposing that a mistress 
gives a servant on leaving her service a good 
character, but afterwards ascertains that the 
servant had forfeited her right to such a testimony 
of good conduct, the mistress is then justified in 
communicating with the servant’s new employer. 
Such a communication will also bo “ privileged,” 
and the new employer may ask questions and 
be answered by the former mistress. 

Thus it is very obvious that in giving a servant 
a character the greatest care should be taken to 
make only accurato statements, and to choose 
carefully the words usod in expressing such 
statements. All trace of exaggeration should 
be scrupulously avoided. Words should be 
carefully chosen in giving a character, and 
particularly in speaking of the servant’s short- 
comings. In giving such particulars, the m istress 
should he just, remembering that she should, as 
far as is compatible with justice, set forth the 
servant’s good qualities, rather than any faults 
he may have. On tho other hand, in justice to 
the now employer, grave faults should not be 
concealed, although it is only kindly to set 
forth to the best possible advantage any qualities 
and evidences of competence tho servant may 
have shown in the execution of his duty. 

The Mlstress*s Liability. It is not 
generally known that a master or mistress who 
wilfully gives a false character incurs a grave 
liability. Should the new employer incur loss 
or injury as the result, the mistress giving the 
false character renders herself liable. If the 
new employer finds that tho servant does not 
deserve, or in some way forfeits, the good 
character given previously, the now employer 
should not allow others to be imposed on by a 
false character. But the utmost care must be 
taken, in adding any disparaging remark to such 
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a statement, that nothing but the truth bo 
added, and that without malice. 

It is an offence against common law to forge 
a character in order to deceive and obtain a 
situation by false pretences. Heavy penalties are 
incurred by those who “ falsely personate a 
master or mistress,” or who wilfully make mis- 
statements with regard to length of service, or the 
capacity in which the servant has been hired ; or 
who alter or efface any word or other detail given 
in a character by a former master or mistress. 

When a Servant may be Dismissed. 

If a servant is engaged temporarily for some 
definite period, say a week or a month, no notice 
need be given her, since sho will leave at the 
expiration of her engagement. In ordinary cases 
of domestic servants it is customary — and the 
custom is recognised by law' — to give one 
month’s notice, or a month’s wage in lieu of 
notice. In the caso of the first month it is some- 
times held that the mistress or servant may 
terminate the engagement by notice given at oi 
before the expiration of tho first fortnight. The 
first month is, in such cases, taken as one of 
“ trial ” in the absence of any spooial agreement 
to the contrary. 

If a domestic servant iR guilty of wilful dis- 
obedience to a lawful order sho renders herself 
liablo to dismissal without notice ; hut trifling 
acts of disol)edience are not always sufficient to 
justify such summary dismissal. Misconduct is 
the most usual cause of his or hor dismissal 
without notice. If a servant be guilty of 
habitual drunkenness, or drunkenness oven on 
one occasion, which unfits him to execute his 
duty ; if the servant be guilty of immorality, 
violent conduct, theft, or insolence, instant dis- 
missal is warrantable. Gross and habitual negli- 
gence of duties may meet w ith similar treatment ; 
while a servant who is quite ineomixdent to 
perform the duties undertaken may lie dismissed 
without notice, since ho cannot perform his part 
of the contract. Lastly, illness of a permanent 
nature on the part of tho servant justifies the 
master in dismissing him. But the dismissal 
must 1x3 in definite terms, and tho wages up to 
the date of dismissal paid, otherwise the master 
will be liable. 

When a Servant may Leave with- 
out giving Notice. If the mistress denies 
proper food to tho servant, or exposes the 
servant to unnecessary risk, the servant may 
leave her situation at once. Also if infectious 
disease breaks out in a house, tho servant may 
(but thcro may bo exceptions to this) leave 
without giving notice. If the servant leaves her 
situation in this way, and is justified in doing 
so, she may claim her wages up to that date, 
and may also be awarded damages. 

The whole question of the legal relationship 
between servant and employer is of the utmost 
importance, and should 1x3 studied with tho 
greatest attention. Once it is thoroughly 
grasped, we may proceed to study in detail 
the duties of various domestic servants, and the 
duty they may reasonably expect an employer 
to exercise towards them. 
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It is of the greatest importance that both 
master and mistress should understand 
exactly what their duties are towards their 
domestio servants. For the servant has his or 
her “ rights,” and these are no less stringent 
than those demanded by the master. Considera- 
tion of the servant, and proper care of his 
welfare, will encourage him to serve his employer 
with the utmost zeal The master will, more- 
over, enjoy a feeling of satisfaction that cannot 
be overrated in the knowledge that he has done 
his duty by those dependent on him. We have 
already dealt with the qualities most desirable in 
a servant, and we must now consider the charac- 
teristics of a good employer — whether master or 
mistress — and the duties that are owed to a 
servant. 

A Cause of Dissension. Perhaps it will 
be well first to notice one chief cause of dissension 
between mistress and servant. In many house- 
holds, especially those in which there are many 
grown-up daughters, the servants, and the maid- 
servants in particular, are given orders by a variety 
of persons. This is a mistake to be avoided 
whenever possible. All sorts of little orders and 
counter-orders worry the servant and hinder 
lior in the proper execution of her regular duties. 
And this is not the only disadvantage of such a 
system. Nothing is less desirable than grudging 
service, or work that is done with a had grace. 
On the other hand , there can he no objection 
to an occasional request from some member of 
the family that some special work should be 
done , and the servant would bo sadly wanting 
in generosity who would object to execute some 
little additional task which adds to the general 
comfort of the household. The mistress, for ljer 
part, should, as far as possible, endeavour to 
give her orders first hand. It is the greatest 
mistake to give an order through another 
servant when this is avoidable; although, of 
course, in many cases it is natural and cus- 
tomary. 

Characteristics of a Good Mistress. 

A good mistress exercises an important 
influence over her servants. If she is ener- 
getic, good-tempered, and pleasant to live with, 
her servants will, as a rule, take their tone 
from her. A mistress with -whom it is difficult to 
live peaceably will make it difficult for even the 
most painstaking of servants to servo her satis- 
factorily. Certain qualities in a mistress are 
pretty sure to reflect themselves in the servants’ 
conduct ; and the mistress who wishes to ensure 
the highest degree of household happiness will 
do well to cultivate these qualities. 

One of these essential characteristics is punc- 
tuality. In a well-organised household there 
will Ik? fixed hours for every meal and every 
item of the daily routine. These fixed hours 
should be rigidly adhered to by every member 
of the family. The children will take their cue 
from their elders, and to be late for a meal 
should be regarded as a grave offence. The 
household should be aroused at a fixed hour, 
and breakfast should be served punctually. It 
is well for the discipline of the kitchen if 
every member of the family can put in an 
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appearance at the breakfast* table. In middle- 
class families, and in homes where expenditure 
has to be carefully considered, much unnecessary 
waste will be avoided by this punctual break- 
fasting. Bacon will not get odd or burned, 
eggs will not get hard and indigestible, and 
endless relays of fresh tea and coffee will be un- 
necessary. If the mistress is at all self-indulgent 
in the matter of lying in bed late in the mo rning 
the whole organisation of the kitchen is bound 
to suffer. Even a punctual oook will see the 
futility of serving a meal at its appointed hour, 
after she has seen the long delay before the 
food is eaten. The mistress should insist on the 
punctual serving of each meal, and should 
personally see that her orders are properly 
executed. We all know the discomfort of the 
type of household in which, when seven o’clock 
dinner is needed, “ Cook must be told to have it 
ready at 6.30 p.ra., then it will be on the tablo 
by seven ! ” Such methods at once reveal the 
fact that something is lacking in mistress as 
well as in servant. 

Useful Habits. Habits of tidiness should 
always be insisted upon by the mistress, and she 
should seek to instil the same appreciation of 
neatness and the same love of order into the 
younger members of the family. An untidy 
bedroom gives an infinitude of trouble to tho 
maid who is responsible for sweeping and dusting. 
In little matters such as these a good mistress 
will show all possible consideration for her 
servants , giving no unnecessary trouble, and 
endeavouring to lighten their duties and make 
their work pleasant. 

In giving her orders for the day, the mistress 
should state definitely and clearly what her 
wishes are, otherwise there may be some mis- 
understanding, leading to difficulties that might- 
have been avoided by the exercise of a little 
care. Once her orders have been givon, the 
mistress should try to avoid countermanding 
them. Of course it will somotimes happen that 
some unusual and unexpected turn of events 
will cause the change of all her plans. This may 
necessitate a complete alteration of all the 
orders she had given for the day. But it is 
obvious that these departures from routine are 
worrying to the servant and should be avoided 
whenever possible. 

The Giving of Directions. When a 

mistress requires some particular service from 
a servant, she should give her directions 
firmly and avoid tho semblance of making a 
request. It is quite possible to give an order 
with absolute politeness and yet with indis- 
putable firmness, and this is the preferable 
attitude of the mistress towards the servant. 

Of course a dictatorial tone is most objectionable, 
but a wavering order that admits of questioning 
leads to quite os much annoyance. Discussions 
l)etween mistress and maid should not be 
tolerated. Familiarity of tone should also be 
avoided, and both mistress and servant will find 
that it will answer far better in the long run to 
maintain an attitudo which, though perfectly 
amiable and friendly, is entirely lacking in 
familiarity. 
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This word of warning ia very necessary to 
young wives whose husbands of necessity leave 
them much alone with maidservants during a 
long day. The temptation to talk to someone 
may be very great, and, failing the presence of 
a friend, the young housewife may find herself 
embarking on a too familiar conversation with 
her maid. This is often a mistake. On the other 
hand, a good mistress will take a real and per- 
sonal interest in her servants, who will not be 
afraid to talk quite freely to her, knowing that 
she will give them ready sympathy, and, if 
possible, help. Ladies, and especially young 
ladies, are too prone to make confidants of 
their maids, and to make them the recipients of 
information which had far better be withheld. 
Unless the lady’s maid is very trustworthy, she 
is more than likely to regale her fellow-servants 
with the confidences she has received, thus 
bringing about on undesirable state of affairs. 

The Danger of Mischief-maKing. One 
of the chief causes of dissension in a house- 
hold where more than one servant is kept is 
the readiness with which the individual servants 
find fault with each other to the mistress. 
This affords the latter an opportunity for 
exercising the greatest tact. Under no circum- 
stances should the mistress show herself ready 
to listen to mischief-making remarks. Jealousy 
or spite are often at the root of the matter, and 
in any case it will be far wiser for the mistress 
to be on the alert to detect wrongdoing herself 
than trust to its discovery by another servant. 
Matters cannot become very seriously wrong if 
the mistress is really observant. She should 
know so thoroughly each item of the daily 
routine that no little omission will escape her. 

We are for the present considering more par- 
ticularly the attitude of the mistress of a middle- 
class household, who keeps the reins of household 
management in her own hands. In a larger 
menage , where this work is left to a housekeeper, 
the latter will need to acquire all the qualities 
that should characterise a good mistress. The 
housekeeper in such a case represents the mis- 
tress, and the servants will depend on her to a 
very largo extent for their welfare and prof>er 
control. But whether the responsibility rest 
with mistress or housekeeper, the essentials 
are the same. 

Necessity for Supervision. The 

servants should feel that their work is well 
under supervision ; that well executed work 
will be noticed and meet with reward ; and 
that neglect of duty will be also observed 
and incur blame. This supervision is par- 
ticularly necessary with young and inexperienced 
servants. Their youth gives them but a 
small sense of responsibility and duty, and 
their inexperience makes it at times a little 
difficult for them to carry out their share of 
the household work satisfactorily. Such young 
servants will profit greatly if placed for a time 
under the tuition of an older and really trust- 
worthy maid. In a small household the mistress 
herself will find it well worth her while to take 
some trouble and expend a good deal of time in 
showing her maid how she likes the work done. 


Then in the future, if the maid is conscientious 
and intelligent, there will be fewer difficulties 
to contend with. 

Recreation. Lastly, a good mistress will 
take areally personal interest in the recreations 
of her servant. She will allow time for adequate 
rest, and will so arrange household matters 
that once on Sunday, at least, each servant is 
given a chance of attending a place of worship. 
The mistress has no power to insist that any 
particular service shall be attended, but if kindly 
and tactful she will endeavour to meet the 
requirements of each servant. In the matter of 
recreation and exercise, however, the mistress 
has a definite duty towards her servants. In 
the discharge of their daily duties most servants 
get a good deal of indoor exercise, but this is not 
sufficient to ensure good health. A short walk 
in the open air is desirable, if not absolutely 
essential. In a large establishment, one or two 
servants can in turn be spared for the purpose ; 
and in a smaller household, where there are 
fewer servants, or even only one, an opportunity 
can generally be made by a little contrivance. 

Then, in the matter of recreations and pleasures, 
if a mistress can now and again offer her servants 
some little treat — a concert- or entertainment of 
some kind — her thoughtfulness will be much 
appreciated. Again, a mistress can often con- 
tribute to a servant’s happiness by the loan of 
magazines and newspapers. In a large household 
some such literature is generally provided for the 
servants, and in a smaller house it will be well for 
the mistress to consider her servants in this way. 

The Characteristics of a Good Master. 
In the main, those qualities mentioned as 
essential to a good mistress are as desirable 
for a master. In a small house, where only 
maidservants are kept, the master will have few 
orders to give, and will have little to do with 
the management of the household. In giving 
orders a good master will show consideration and 
politeness when addressing the maidservants, 
and at the same time avoid all semblance of 
familiarity. The master should be careful not 
to run counter to any orders previously given by 
the mistress, und he should endeavour, as far 
as possible, to avoid any interference with the 
mistress’s wishes. Lastly, every nieml>or of the 
household should remember that matters of a 
family, personal, or private character should 
never be discussed in the presence of servants. 
And in the same way all disagreements and all 
suggestion of quarrelling or ill-temper should be 
hidden from the servants. To witness a “ scene ” 
is bad for both parties concerned, since it under- 
mines all feeling of respect and authority. 

Food and Lodging. It is the master’s 
duty to supply food to his domestic servants. 
This right is secured to the servant by law, and 
the servant has a right to demand adequate 
food and suitable lodging. In most households 
the meal-times and the actual food served to the 
servants differ slightly from that supplied to the 
members of the family. This difference in the 
time of serving meals is more convenient, and 
the difference in food is also advisable. Servants 
are generally called upon to do a good deal of 
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work which involves muscular exercise. Thus 
flesh -forming foods are necessary. 

In a large household the servants usually break- 
fast about an hour earlier than the family. This 
leaves them free to prepare the breakfast and 
have everything in readiness at the appointed 
hour. In order that the house may be com- 
fortable, and some of the rooms cleaned and 
dusted before breakfast, it is necessary for 
most of the servants to rise in good time. 
They are therefore glad of an early meal. 
When the family are at breakfast, the maids 
responsible for the bedrooms will throw' back 
the bedclothes, stripping the beds so that they 
may air well before remaking. In many houses 
a light lunch of bread and cheese is provided 
about eleven o’clock for those servants who 
desire it, and at about one o’clock a substantial 
middle-day dinner is served. In households 
where there are young children this dinner w ill 
coincide with that of the nursery. 

Meals. Between 4 and 5.80 tea of the 
“ school-room ” type will be served, including 
bread-and-butter, and sometimes jam or cake. 
Then, in the evening, after the late dinner of the 
household is served, the servants take their last 
meal — sup}>cr. The character of this meal varies 
considerably in different classes of house- 
hold. In a large home it is fairly elaborate, 
and in a smaller one may merely involve a cup 
of cocoa and bread -and -blitter, or cheese. If 
many servants have to he catered for the supply 
of food must he carefully checked or then 1 will 
he unnecessary waste. In such cases the system 
of “ allowancing ” is employed, and a definite 
quantity of tea, sugar, etc., given out from the 
stores each w<*ek. This will be left in the hands 
'>f the housekeeper, or the mistress herself will 
supervise the matter, and we Hhall consider the 
question in detail when wo deal with the duties 
of the housekeeper and cook. 

Hours. In the matter of lodging the master 
has also a duty towards his servant — to provide 
him, with a properly-equipped bedroom and room 
in which to take meals. The master must allow 
certain hours and definite ^times during which 
the servant may absent herself. Should she, 
however, fail to return at night, the master is 
not compelled to wait up for her beyond a 
reasonable hour. On the other hand, should a 
domestic servant absent herself without per- 
mission during a w'hole night, the master is 
justified in dismissing her without notice. But 
he must avail himself of the right at once, as 
soon as the offence has been committed, for be 
cannot afterwards bring forward that act of 
disobedience as a ground for dismissing the 
servant without notice. The mistress is bound 
in the same way as the master to food her 
servants properly and to provide them with 
suitable lodging. If she is married and living 
with her husband, he will be responsible for the 
treatment of the servants — unless it can be 
shown that he supplied the necessary food, and 
it was wilfully withheld from the servants by 
the mistress. In such a case he will be exempt 
from blame, but the mistress is liable to an 
action by the servant. Quite apart from the 
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duty involved towards a fellow-creature, a 
master and mistress will find it essential to 
their own legal safety to consider carefully their 
duties to their servants. Should a master or 
mistress so neglect a servant and withhold from 
him proper food until he becomes enfeebled and 
unfit for his duties, and should such a servant 
die, his death being accelerated by the master’s 
neglect, the master exposes himself to the risk 
of conviction of manslaughter or even of murder. 

Criminal Liability. The obligation of 
the master to provide adequate food and lodging 
is emphasised by law. For it is provided by 
statute that — 

“ Whosoever being legally liable either as a 
master or mistress to provide for any servant 
necessary food, clothing, or lodging, shall wil- 
fully and without lawfful excuse refuse or neglect 
to provide the same so that the life of such 
servant shall be endangered or the health ot 
such servant shall have been or shall be likely 
to be permanently injured, shall be guilty of 
a misdemeanour, and being convicted thereof 
shall be liable to be kept in penal servitude for 
any period from three to five years or imprisoned 
for any period not exceeding two years with or 
without hard labour.” 

“ Where a master, being legally liable to 
provide for his servant necessary food, clothing, 
medical aid, or lodging, wilfully or without 
lawful excuse riff uses or neglects to provide 
the same whereby the health of the servant is 
or is likely to be seriously or permanently injured, 
he shall, on summary conviction, be liable either 
to pay a penalty not exceeding £20, or to be 
imprisonccl for a term not exceeding six months 
with or without hard labour.” 

Clothing. In the matter of clothing, 
the master is not ordinarily bound to provide 
his servants with clothing, unless some special 
agreement to that effect has been made. In some 
cases a particular livery is given to menservants, 
and in individual cases it becomes the absolute 
property of the servant after a certain length of 
time. In the ease of maidservants some mistresses 
prefer to provide them with dresses of a par- 
ticular colour and material. In the case of caps 
and aprons, cuffs and collars, and similar details, 
tho mistress may prefer to choose the particular 
kind her maids shall wear, and in such cases 
it is more generous to provide them. The 
mistress may select a particular kind of apron 
that is more costly than the one the maid would 
select were the choice left entirely to her. In 
small households, where only one or two maids 
aro kept, some mistresses will invest in large 
and particularly strong housework aprons for 
wear during the performance, of rough and dirty 
work. Strong gloves should also be provided for 
the servants to w’ear when cleaning grates, 
polishing silver, and on other occasions when 
without such special protection the hands would 
become unnecessarily dirty. 

Illness. If the servant be laid up with a 
short illness the master is not justified in dis- 
missing him without notice. If, on the other 
hand, the servant develops a serious complaint, 
the master may at once give him notioe, paying 



his wages up to the date of dismissal. It is 
not sufficient to send the servant to a hospital. 
In such a case the master is liable for the ser- 
vant’s wages during the time he is ill (unless in 
the meantime he gives him a week’s notice) ; 
nor can the master deduct anything from wages 
to recoup himself for the time that the servant 
was unable to serve him. The master is not 
bound, unless he has made a special agreement 
to that effect, to supply his servant with medical 
attendance. If, however, when the servant falls 
ill, the master calls in his own medical man, he 
will be liable for the fees incurred, and he cannot 
deduct them from the servant’s wages except 
by the acquiescence of the servant in question. 

Board Wages. If for any reason it 
becomes necessary for the servant or servants 
to be left at home while the rest of the family 
are away, it is usual to place them on what 
are termed board wages. This is a sum of money 
paid in addition to ordinary wages, and intended 
to be spent on the food and other necessaries 
to which the servant would be entitled if the 
master were at home. The actual sum paid 
will vary according to the style of household 
in which the servant is engaged, and it will 
also vary with the sex of the servant for whom 
such provision is being made. Thus, a mini- 
mum sum paid to a maidservant as hoard wages 
would be 10s. a week in addition to her ordinary 
wages, the amount being increased in a wealthier 
establishment, or when paid to a manservant. 

In a large household where many servants 
are left on board wages, each will be paid his 
or her allowance individually, but as a general 
rule the servants will add the small independent 
sums together for current expenses. Under 
this arrangement, by good management, each 
servant will live exceedingly well, and a surplus 
will probably be left over from tho total sum 
of board -wage money, which can then be divided 
among them. It is a well-known fact that it is 
always proportionately cheaper and more 
economical in every way to cater for several 
persons rather than for one. There need be 
very little waste, greater variety in the actual 
food provided is possible, and small initial 
expenses become infinitesimal when shared by 
several, whereas such expenses amount up to 
an alarming total when met by one person alone. 

Alternative Methods. Occasionally a 
mistress will consider it desirable to dispense 
with the system of paying board wages, and 
arrange that the servants shall purchase neces- 
sities for themselves at the various shops at 
which she deals. In this case the accounts 
for all such commodities will be sent in to the 
mistress on her return. Such a system does not 
generally commend itself, and tho objections 
which can be raised to it are obvious. 

To begin with, servants generally prefer the 
board wages. This gives them perfect freedom 
in the selection of their food, and, moreover, 
Bhould they be of an economical turn of mind, 
enables them with perfect honesty to save a 
small margin of profit on their weekly allowance. 
The system of arranging for all expenses to be 
entered in an account has very many disadvant- 
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ages. The servant feels that each item of 
expenditure may be examined and criticised by 
the mistress, who, on the other hand, will 
probably find the whole system very expensive 
and unsatisfactory. Of course, providing the 
servants are reasonably economical and con- 
scientious, the accounts need not be extortion- 
ately large ; but then, again, tho mistress may 
feel a little uncomfortable lest, through ovci - 
conscientiousness, her servants have stinted 
themselves in her absence. And even the most 
contented of servants may not be able to resist 
the feeling that they might have been treated 
more liberally. 

Thrift. A mistress who has her servants' 
well-being at heart will take care — particularly 
if her servants be young — to instil into them 
the idea of the necessity for thrift. A young 
and inexperienced servant, coming, perhaps, for 
the first time into service from school and home, 
has no idea of the most advisable ub© to which 
to put her money. Her essential expenses are 
met for her — food and lodging are already 
provided for. She has, however, to keep 
herself well equipped in the matter of clothes ; 
and a certain sum will be essential for travelling 
expenses, pocket-money, stamps, etc. Many 
domestic servants have to send regular help to 
their family, and this considerably lessons tho 
total wage. But every mistress should, as far 
as possible, urge on her servant the necessity 
for thrift, and encourage them to set aside at 
any rate a small proportion of her wages yearly. 

Kitchen Etiquette. Kitchen etiquette 
varies widely in different households, and with 
the number of servants employed. Where 
only two or three maids are kept, there 
will probably be no separate room for the 
servants’ meals, when they will tako them 
together in the kitchen. Their preparation, and 
the duty of laying the table, will fall to 
tho share of the cook, or of the kitchcnmaid 
should one be kept. If one of tho servants is 
the children’s nurse, she will, in all probability, 
take her meals upstairs in the nursery at the 
same time. In this case, it will be a matter for 
the mistress to arrange with her servants at tho 
time of engaging them — whether the nurse is to 
fetch her meals from the kitchen, or whether 
they will bo brought up to the nursery by one of 
the servants. It will be well for the mistress to 
make this point quite clear, for, unless she docs 
so, there may be some friction between the nurse 
and the other servants, on the ground that they 
may object to waiting on her as a fellow - 
servant. 

Housekeeper's Room and Servants’ 
Hall. The housekeeper’s room is furnished 
as a sitting-room, and is used by the house- 
keeper and other servants for their meals. 
Here the butler, lady’s-maid, and valet take 
their meals with the housekeeper. Should there 
be guests staying in tho house, accompanied by 
maids, these ladies’ -maids will also take their 
meals in this room. All the other servants 
presided over by the cook have their meals in the 
servants’ hall, a large room furnished comfort- 
ably but plainly as a sitting-room or dining- 
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roam. The servants’ hall is generally quite 
near the kitchen, and is used by them as a 
sitting-room in the intervals of their duties. In 
small households there will be no servants 5 hall, 
but the kitchen is used instead. Even in a very 
small establishment an effort should be«nade to 
make the servants 5 room as comfortable as 
possible. The cheerful surroundings of well- 
polished saucepan-lids and dish -covers, the neatly 
arranged dresser and shining range, all contribute 
an air of comfort to the room. 

A thoughtful mistress will make the room 
still more cosy by providing it with a floor- 
covering. A square carpet, for instance, is very 
suitable, if not too large, since it can be taken up 
during the busiest part of the day when cooking 
operations arc in full swing, and replaced when 
the servants have practically finished their 
day’s work. Then the table should be furnished 
with a cloth also, which can be put on 
one side until the ordinary kitchen routine is 
over. Every kitchen which serves also ai the 
servants 5 dining or sitting-room, should be pro- 
vided with two or three comfortable chairs and 
a bookcase containing a selection of books. By 
these simple means, the servants who have met 
with much consideration, are much more likely 
to be satisfied with their lot, and to remain 
faithful in the service of such a mistress. 

Smaller Households. The number of 
servants kept will vary with the position of the 
masker. In a simple manage, where the income 
of the master does not exceed £i>00 a year, one 
servant only will be kept — a general servant— who 
will be responsible for all the housework, with the 
assistance of the mistress, and perhaps that of 
grown-up daughters also. In some households, 
a cook and a housemaid will be kept, and with 
the gradation of income more servants will be 
employed. In many middle-class households 
women -servants only are kept, but in larger 
establishments men retainers are essential. A 
footboy or page is often kept, in addition to 
maidservants, where no manservant is kept ; and 
in wealthier households the number of men- 
servants kept will, to a certain extent, bo 
regulated by the number of womon-servants. 


Occasionally, preference is given to additional 
maidservants instead of menservants ; for 
example, a kitchenmaid may be engaged to 
assist the cook, her other duties being mainly 
those which would be performed by a page. 

Large Households. In a large house- 
hold the four chief servants are the housekeeper, 
the butler, the lady’s-maid, and the valet. They 
take their meals together and their duties bring 
them more in contact with their master and 
mistress than the work of any of the other 
servants. Thus, it is important for these upper 
servants to be particularly careful in their 
manner and bearing towards their employers — 
to be invariably respectful in their presence, and 
unflinchingly loyal in their absence. These 
oints are of the very greatest importance. The 
ousekeeper has abundant opportunity of in- 
fluencing the women-servants of the household 
for good, who will all take their cue from her. 

The butler is similarly responsible for the tone 
prevalent among the menservants. One of his 
duties will be that of securing faithful service 
from the under menservants. He must be con- 
scientious and painstaking in the execution of 
his own duties, for he will find it difficult to 
obtain satisfactory service for his master from 
others should ho in any way be remiss himself. 

In their bearing towards their employers the 
manner of upper and lower servants should 
entirely coincide. The most perfect civility and 
politeness is accepted as an essential characteristic 
in the execution of duty. The servant should 
never sit down in the presence of the master or 
mistress unless expressly told to do so; .for 
example, a mistress may tell her sewing-maid 
to remain seated while she herself is busy in the 
room. The servant should also be careful not 
to offer an opinion unless invited to do so, and 
never to attempt conversation unless at the 
instigation of her mistress. If this attention 
to manner and deportment is observed carefully 
by the servants the master and mistress 
will be spared the necessity of making any 
unpleasant complaint on this score, and the 
servant will escape the disagreeable necessity 
of listening to it. 
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THE STORY OF THE MAKING OF THE EARTH 

By W. E. Garrett Fisher 


EOLOGY, as its Greek name indicates, is “ the 
^ science of the earth.” It deals with the 
structure and the history of the planet on which 
we live, and with the natural 'processes which have 
moulded it. It endeavours to show how the 
world around us may have developed out of the 
gaseous nebula , or fiery haze of clashing atoms, 
which represents the earliest form in which the 
materials of the earth can be pictured by the 
scientific imagination. It teaches us to read the 
wonderful record which is written in the folds 
of the rocks and stamped upon tho surface of the 
earth, and so to form an idea of the various stages 
through which our planet must have passed 
before it could be the fitting abode of human 
civilisation. Finally, it enables us to look with 
the eye of science below the smiling surface of 
fields and parks, or the sandy desolation of the 
desert, ana to predict the places in which it is 
likely to be worth while for the miner, the 
railway engineer, and tho well-sinker to begin 
their operations with a hope of successful results. 

The study of geology pro -supposes some 
knowledge of geography 9 or the superficial 
features of the earth, which it is the function of 
the geologist to explain and interpret. It is 
further necessary to assume an elementary 
acquaintance with chemistry and physics when 
the student begins to inquire into the mineral 
constituents of the earth's crust. The student 
will obtain these from the special coursss on the 
subjects. But the special charm of this science 
is that the best place to study it is in the open air, 
and that the most essential piece of apparatus 
for the scholar is a good pair of eyes and a strong 
pair of legs. 


The main laws of geology can be studied 
within the range of a holiday walk, though it 
may be necessary to travel far afield in order to 
witness their application on a larger scale. We 
propose in this course of study to set them forth 
much as an intelligent lad might be able to 
deduce them from a series of rambles with a 
practical geologist, saying as little as may be 
about those branches of the science which can 
be properly learnt only in a well-equipped 
laboratory and under the direct supervision 
of a teacher. 

The Geologist’s WalK. The first thing 
which strikes the would-be geologist with open 
eyes, in the course of such a country ramble as 
forms the best introduction to this science, is 
that the features of the earth’s surface always 
differ, and yet are always recurring. Every turn 
in the road introduces a slightly different land- 
scape , which, nevertheless, depends for its for- 
mation on a comparatively small number of 
details variously combined. Tho study of these 
details, with their unison in the several types of 
scenery, is the subject-matter of * Descriptive 
Geology. Tho study of the natural processes 
which modify them is the subject-matter of 
Physical Geology , and the study of the changes 
through which they have come to exist in their 
present form is the subject-matter of Historical 
Geology. All the numerous sub-divisions which 
learned inventors of names have suggested 
come under one or other of these main classes. 
We can, in short, study only the present and the 
past — what is, and how it has come to be. 

First of all, our pedestrian will notice a 
difference in the materials of which the earth’s 
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surface is composed. He starts his walk on the 
street pavement, we will suppose, which is made 
of granite blocks, or of flagstones, which may be 
composed of compacted sand or the shells of very 
ancient sea-creatures, of asphalt, or concrete, 
or some other material which man finds it con- 
venient to walk on. As the streets merge into 
the country, perhaps this pavement changes into 
a path of cinders or compacted earth, until it 
disappears altogether, and our pedestrian is 
stretching his legs on the macadam of the road- 
way, which ho can easily sec to be made up in a 
different fashion of small fragments of stone 
closely packed together — and too often coated 
with their detritus in the shape of dust and mud. 
All these materials, however, do not present the 
natural surface, but only what has replaced it 
at the biddmg and for the convenience of man. 
Thus, the urban geologist learns — as his first 
lesson — that the crust of the earth has been 
modified in parts by the -existence of life. 

Soon we leave the road and follow a footpath 
through the fields. Here the variety of materials 
composing the earth's crust is still better illus- 
trated. One field is sandy , another of heavy 
day, another of that admirable loam which is a 
mixture of the two. The path leads through a 
little copse, and we notice the rich leaf -mould 
that has accumulated under the trees. Here and 
there a heap of stones has been gathered out of 
the ploughed soil, and the most cursory glance 
will show us that they are of several different 
kinds. 

Rivers in Landscape. The path brings 
us to the side of a little stream , and we 
follow it upwards. It leads us towards the 
hills which are the usual object of such a ramble, 
and we note the gradual change in its fashion of 
running. Down in the open fields it flows along 
slowly and equably, only a foot or two below 
the bank on which we are walking. But as we 
ascend its course it becomes at once smaller 
and more lively. Here and there the banks 
rise suddenly, and we cannot fail to notice that 
the stream is cutting them away, and perhapH 
we go on to the juBt conclusion that the whole 
valley down which it flows was once carved out 
of the hills by a stronger prehistoric stream. 
We notice, too, that where the land is cultivated 
and the soil is soft the stream winds about and 
makes broad, fantastic curves ; but where, 
nearer the hills, the banks begin to show rocky 
walls, it runs straight, swift and narrow, in 
little glens or ravines. It begins to dawn on 
us that rivers have something to do with the 
shape of the land. When we go home we take 
down an atlas, and see that everywhere, on the 
large scale as on the small, rivers run down 
from the hills in intricate but ever widening 
valley-systems to the sea ; and it becomes 
apparent that this is not a mere truism, but a 
geological fact which helps to explain how the 
land has been carved into its present shape. 

As we eontinue to ascend our stream, we come 
to a tumbling waterfall [2 and 3] ; and if we study 
it carefully, we shall find that just here the water 
is coming over a ridge of solid rocky much harder 
than anything which we have seen yet The 
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running water, trhich comes down thick with 
sediment and mad after rain, is constantly 
wearing away the land ; hut it cannot act upon 
the rock nearly so fast as on the softer soil, 
though it does act upon it, and so the rib of 
stone has made a kind of wall over which the 
stream has to plunge. Probably the young 
geologist has tried on occasion to dig a really 
deep hole in some garden, and he knows that 
sooner or later he comes down to this solid rock, 
which nothing short of dynamite seems able to 
break up. Yet the running water has made 
a breach in it : for the centre of the stream is 
far below the rocky banks that stand up on 
each side. So two more lessons are added : 
one, that the soil which covers the earth in 
most civilised parts is only a skin a few feet 
thick over the rocky skeleton which underlies 
it ; the other, that even this “ eternal rock,” 
as poets call it, is liable to be worn away by 
running water, apparently the softest and 
least destructive of things. 

How the Land is Moulded. Well, 
the walk has now brought us up right among 
the hills that were blue on the horizon when we 
started. The cultivation has come to an end, 
and we can wander about as we choose. Clearly 
there must be something to keep the farmer 
away. It is partly a difference in soily as we 
can see readily enough when we investigate 
among the roots of the heather, or pull up some 
of the short, wiry grass, very different from the 
luscious pasture down in the valley. Partly it 
is the change in the contour of the land, which 
is all ups and downs — no place for the harvest 
cart or the plough. It is the business of geology 
to tell us what has produced this variation in 
the outlines of the land. And one of the chief 
ways in which the question is answered is by 
the comparison of various places which are in 
different stages of the same kind of develop- 
ment. 

Thus, we go to Beachy Head and watch the 
waves busily attacking that tremendous coast, 
eating into the softer parts of the cliffs and 
leaving the harder places to stand boldly up. 
If, on the way back to London, we pause on 
the top of Reigate Hill, and look abroad over 
the rich valley that stretches away for miles 
below us [1J, we can hardly fail to ask ourselves 
if the sea did not once wash the foot of the hill 
on which we stand ; and the answer is that it 
did. We see a range of hills, again, of which 
all the lower parts are smooth and rounded, 
whilst the higher summits are fretted into 
sharp and picturesque crags. We tell ourselves 
that some vanished agency must have been 
at work to produce this well-marked difference, 
and it needs hardly the evidence of the pebbles 
that we find scratched into long striations on 
their surface to tell us that all but the high 
summits were once covered with a sheet of ice, 
filing down inequalities and leaving a smooth 
contour. 

The Fossil Record. So the fossil fishes 
which are found in the midst of the sandstone 
blocks quarried high up on the hillside assure us 
that once the sea rolled over the inland spot on 
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which we stand, no less than the discovery of tree- 
trunks and ferns in the seams of coal f 4 ] assures 
us that we warm our rooms and drive our engines 
with the remains of prehistoric forests. We 
notice some curious little pits on the surface of a 
sandstone slab' which is going to be built into a 
new house, and they remind us of the day when 
the material of that slab was a bed of sand by 
the seashore, just firm enough to receive the 
marks ot a shower of rain which it preserved, ‘ 
undcT the shelter of the next layer of sand 
brought in hy the waves, through uncounted 
ages. The footmarks of extinct birds or reptiles 
tell the same story. The reproduction of the 
belemnite fossil [5] is interesting as a reminder 
of the growth of our knowledge in this branch 
of geological science. Various ages have attri- 
buted this fossil to various origins. In pre- 
Christian civilisation it was held to be a product 
of ft mammal. Later, belemnite fossils were 
called ‘‘fingers from Mount Tda,” or “Devil’s 
lingers, ” with origin undecided. Then the 
theory was advanced that they were produced 
by lightning, and was followed by the supposi- 
tion that they were stalactites. At length 
investigation proved them to bo organic re- 
mains, the internal shells of curious gregarious 
animals that frequented shallow water. A bit 
of chalk, seen through the microscope, is made 
up of tiny shells and spicules which once formed 
part of the minute organisms that basked in 
the warm waves of a primeval ocean. Every- 
thing about us almost may thus be impressed 
into the service of the geologist, to throw some 
light upon the strange problems of the building 
of our world. 

The science of geology, then, deals with the 
structure and history of the earth. It must bo 
studie 1 in the field and the quarry, no loss than 
in the lecture-room and the museum, if it is really 
to tell a vital story. Here it is possible only to 
give an outline of the chief facts which are known 
with certainty about the materials of which the 
earth’s crust is made and the natural processes 
which have built them up into the fair and fertile 
earth on which we live. 

THE MAKING OF THE EARTH 
* Geology deals chiefly with the crust of the 
earth, because it is the most important part of our 
planet — the part on which w r e live. It is also 
the only part which we really know. Man 
has done little more than scratch the surface ; 
his deepest borings go down little more than a 
• mile — one four-thousandth part of the distance to 
the centre. Wo can, indeed, infer a good deal 
as to what lies lower down, but we soun come 
to the intensely heated interior , as to the physical 
condition of which geologists ore not yet quite 
agreed. It is almost solely the crust that we 
shall study, and chiefly that part of it which lies 
within a few feet of the surface. First, however, 
we must take a glance at the history of the earth 
as a whole. This belongs as much to astronomy 
(the course on which may be consulted for 
further details) as to geology, but some acquaint- 
ance with it is an essential preliminary. 

The Earth at a Blaze of Light. 
The earth was once “ a fluid haze of light.” 
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The whole solar system, in which it is one of the 
smaller planets , was originally a vast nebula, 
or swarm of fiery dust and gas molecules, roughly 
spherical, and more than 5,000 million miles in 
diameter. This nebula was all rotating about 
its centre ; it was also cooling, by the radiation 
of heat into space, and contracting. As it con- 
tracted it shed a series of rings at varying dis- 
tances from the centre, each of which, with one 
exception, gradually coalesced into a* planet 
revolving round the central portion, which 
formed the comparatively small star which we 
call the sun The four outer rings gave birth to 
the major planets — Neptune, Uranus, Saturn, 
and Jupiter — which are still in a more or less 
nebulous condition. The next ring never 
coalesced, but broke up into a large number of 
asteroids or minor planets, of which more than 
500 have been discovered already. There were 
still four other rings left behind as the nebula 
slowly contracted, which formed the four inner 
and smaller planets — Mars, the Earth, Venus, 
and Mercury. 

Our First Glimpse of Earth. Thus our 
first distinct glimpse of the earth shows it as a 
nebulous star > still intensely hot, and with no solid 
nucleus, rotating on its own axis, and at the same 
time revolving round the sun in a nearly circular 
orbit. The brilliant researches of Professor G. H. 
Darwin have illuminated this dawn of terres- 
trial history in a most curious and interesting 
fashion. The earth at present revolves on its 
axis in 24 hours — the artificial measure of time 
into which we divide the natural unit of the day 
fixed by the earth’s rotational period. But it is 
steadily losing time. The tides which are diurn- 
ally caused by the joint attraction of the sun 
and moon, sweeping round the earth in the 
direction opposite to that of its rotation, form a 
friction- brake precisely analogous to that which 
is used on the wheels of railway carriages or 
motor-cars. The retardation thus caused is so 
small as to be imperceptible in an ordinary 
lifetime ; it amounts only to a lengthening of 
the day by one second in about a thousand 
centuries. But in the vast periods of geological 
time even a tiny change like this accumulates to 
a serious quantity. And when the earth was 
still plastic, or even liquid — as it must have been 
in the process of cooling down from its nebulous 
state — the tides produced by the sun and moon 
in its actual substance must have operated as a 
far more powerful brake. 

Calculating this secular retardation backwards, 
Professor Darwin showed that there must have 
been a time when the day was only two or three 
hours in length. The effect of tidal friction 
also operates on the moon , since, by Newton’s 
Second Law of Motion, action and reaction 
are equal and opposite. The moon is constantly 
travelling away from the earth, and at the same 
time revolving more slowly. Working this 
problem also backwards. Professor Darwin 
was able to show that there must have been a 
time when the earth was rotating in a period 
of between two and three hours, and the moon 
was revolving round it at the same period, at a 
distance almost inappreoiable. 
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The Origin of the Moon. Another 
step in this luminous research was to show that 
when the earth was a liquid spheroid, rotating 
rapidly about its axis, it must have been in a 
state of dangerously unstable equilibrium. We 
do not know tho exact speed with which it 
began to rotate after the nebular ring had 
coalesced, but we do know that at first, under 
tho influence of solar gravitation, that speed 
must have tended to increase. Thus the liquid 
globe of the earth was exposed to two con- 
tending forces — that of gravity, which held 
it together, and that of the so-called centrifugal 
force, which tended to make it break up, as a 
grindstone or a fly-wheel bursts when spun too 
fast. It can be shown that when the period 
of the earth’s rotation had decreased to about 
two hours and twenty minutes, these two forces 
were exactly balanced. The least increase in 
speed would overcome the force of gravity, which 
of course remained constant, and something 
must give way. 

44 The Moon Flung Off From the 
Earth.” It cannot be a mere coincidence that 
the calculation of the moon’s motion, wheD it was 
all but in contact with the earth, shows that it 
must have made a complete revolution in some- 
thing between two and two and a half hours. 
The conclusion is irresistible. Originally the 
moon formed an integral portion of the earth. 
But as the speed of the earth’s rotation increased 
under the gravitational pull of the sun, it crept 
up to the critical velocity at which tho earth 
could no longer hold together. There was a 
vast cataclysm, beyond anything which we 
can imagine, and the moon was flung off from 
the spinning earth — possibly in the form at 
first of a meteoric ring, which eventually con- 
densed into our satellite. As soon as the moon 
had an independent existence, it set up vast 
tides in its parent earth, which acted as a power- 
ful brake. The earth’s rotation began to slow 
down again, and the moon began to travel 
outwards in a widening spiral. This beautiful 
theory of tin 1 moon’s evolution is now generally 
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accepted. Thus we can read the history of the 
first, and still the greatest, geological cataclysm 
of which there remains any record. 

The Earth and its Envelopes. The 
earth, as we know r it, is an oblate spheroid [6J 
a globe, that is, which is slightly flattened at 
its poles, which are the ends of the axis about 
which it revolves. Its equatorial diameter is 
about 7,926*59 miles, and its polar diameter 
about 7,901*47 miles. The cause of this depar- 
ture from the perfectly spherical form — which 
would have been assumed by the earth if its 
materials had coalesced under the sole influence 
of gravity and cohesion — is the earth’s rotation 
combined with the solar tide. Calculation shows 
that the present shape of the earth is that 


whidh would have been assumod by a liquid 
globe rotating at its present speed, whence we 
concludo that the earth solidified at a time* 
when its rotational period was practically the 
same as it is to-day. 

The earth consists of shells, liko an onion. 
It is a globe covered by a solid crust — the 
lithosphere — which is surrounded by an envelope 
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of air — the atmosphere — and in part by an 
envelopo of water — the hydrosphere. It is tho 
lithosphere, and especially the crust by which 
it is bounded, with which geology is mainly 
concorned. The outer envelopes are chiefly 
of interest from the effect which they have on 
the surface of the crust. 

Atmosphere and Water. The atmo- 
sphere, or outer envelope of the earth, consists 
chiefly of tho air wo breathe, a mechanical 
mixture of the gases oxygen and nitrogen, 
in the proportions by volume of about 1 to 4 — 
exactly 20 6 0 to 79*4 N— with a small, varying 
amount of carbon dioxide and water vapour, 
and traces of rare gases like argon and helium. 
It extends perceptibly to a height of at least 
150 miles, though more thaqrhalf of it is com- 
pressed by gravity to within three miles of the 
surface. It is equal in weight to an envelope 
of water covering the whole earth to a depth 
of 34 ft., and exerts a pressure on all substances 
at sca-level of rather less than 15 lb. to the 
square inch (one atmosphere). Its geological, 
effects are very considerable, as the rocks of the 
lithosphere are superficially modified by wind — 
laden with dust — rain, hail and snow. • 

The hydrosphere , or surface water of the 
earth, also plays a great part in the work of 
geological change. This water is (sufficient, if 
the surface were a dead level, to cover the whole 
earth to a depth of nearly two miles. But the 
various forces which have been at work in the 
course of the last hundred million years or so have 
modified tho earth’s surface so that it presents 
considerable inequalities of level, ranging from 
five miles above the mean level in the highest 
Himalayan summits to six miles below it in the 
deepest abysses of the ocean. Consequently, 
the water of the hydrosphere has chiefly collected 
itself into the seas which occupy the depressed 
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portions of the surface, and which cover nearly 
three-fourths of the whole area of the earth — 
about 145,000,000 square miles. A considerable 
part of the water is always suspended as vapour 
in the atmosphere, and a complete system of 
circulation is set up under the solar influence. 
[See the Course on Geography.] The water 
evaporates from the seas, falls as rain .on the 
land, and is returned to the sea by the risers 
which it thus forms. It is one of the most 
effective agents in the geological operations which 
are constantly altering the surface of the earth. 

The Solid Earth. The great bulk of 
the earth consists of the lithosphere , or solid 
globe of rocks, with which geology properly 
deals. It is on the part of this lithosphere, 
composing a little more than a quarter of the 
eartlffs whole area — 55,000,000 square miles — 
which rises above the seas and is called land, 
that m’ankmd lives. Practically the whole of 
its surface is exposed to the study of the geologist, 
who is also acquainted with its interior structure, 
as displayed by mines and bore-holea, to the 
depth of something over a mile. It is his 
business to form inferences as to the condition 
of the parts which he cannot directly explore. 
He has also to tell us why the land is diversified 
so much, by plain and table-land, mountain- 
grange and valley -system ; why the rivers flow 
through it, and what dominant force has traced 
their eourses ; why one kind of soil is better 
suited than another to the purposes of agri- 
culture ; and how the miner can best prospect 
for the shafts with which ho hopes to tap the 
mineral resources of the earth’s interior. Only 
a long and thorough course of study can enable 
him to do all this ; but the principles on which 
be depends will be outlined in the following 
chapters. 

Astronomy has already taught us that the 
earth was once so hot as to be a mere nebula, 
coift posed either of fiery gases or of glowing 
particles of id titter such as we now call meteorites. 
Wo know, by common experience, that its surface 
is now cool and hard, and mostly composed of 
solid rocks, with a mantle of soil varying from 
one or two to hundreds of feet in thickness. 
How lias this great change been brought 
about ? 

Influence of the Earth’s Motion. We 

know that three different agencies have been at 
work on the original nebula. It was originally 
in motion, rotating around its own axis, and 
this motion has l>een preserved and handed on 
to the earth. It was intensely hot, and has 
been losing heat ever since. And it was made 
up of some sixty or seventy different substances 
— the so-called elements of the chemist — whicli 
have since entered into numerous kinds of 
combination with one another. 

First let us consider the influence of the 
earth’s motion. Everyone knows that a 
rotating body tends to take a circular or 
spherical form. If you whirl a skipping-rope 
round your head, its handle moves in a circle ; 
if you spin a chain- bracelet, it stiffens into a 
circle as it moves ; a lump of snow rolled along 
the ground takes a roughly spherical shape. 
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Further, a, drop ofhqujd always takes a spheri 
cal form, even when it to not in motion u n d,, r 
the influence of other tones, (See Physics i 
Thus the nebulous mass which was to giVt- 
origin to the earth ape^ily assumed the 
globular shape which characterises every star 
or planet or satellite that we have yet dis 
covered. But, as we hars aesn. it was also 
under the influence of the sun’s attraction, and 
this combined with its rotation to make it, 
bulge a little at the equator— though, for 
practical purposes, we may consider it ’as a 
perfect sphere. If we represented the earth by 
a globe five feet in diameter, the flattening at 
the pole would be less than one-tenth of an 
inch. 


The Earth Cooling. Secondly, the 
nebulous earth has constantly been losing heat 
by radiation out into space. AU bodies, with 
some negligible exceptions, contract as they cool. 
A considerable volume of steam liquefies into a 
few drops of water, which change into solid ice 
with very slight alteration in bulk — this, by the 
way, is one of the exceptions, since water expands 
in freezing. The great mass of nebulous matter 
which once formed a sphere 5,000 million miles 
in diameter, has solidified into the sun and 
planets, which all put together would form a 
sphere of only about one five-thousandth of that 
diameter. Thus the nebulous earth steadily 
contracted as it lost heat, until finally it began to 
change from glowing gas into a very hot liquid — 
a globe of molten rock — from which, as we have 
seen, the moon was shot off under the influence 
of the centrifugal force. 

The exact steps of this liquefying process arc 
still in doubt. We can never hope to trace this 
far-off part of the earth's history with any great 
accuracy ; it is so much a question of inference 
and hypothesis. Some hold that the liquefying 
process began at the centre of the nebulous mass ; 
for though the heat may have boon greatest 
there, so w'as the pressure, amounting perhaps to 
3,000,000 atmospheres, or 20,000 tons to the 
square inch — and we know r that the melting 
point of nearly all substances rises in proportion 
to the pressure exerted on them. Others assert 
that it began at the outside, where cooling was 
fastest. What is certain is that it did begin 
somewhere, and continued until the whole vast 
nebulous bulk had shrunk into what we may 
for brevity call a liquid or plastic globe some 
8,000 miles in diameter. 

The Solid Crust. Meanwhile, chemical 
changes have been going forward. At the high 
temperature of the original nebula it is probable 
that all the elements existed by themselves, 
being too hot to enter into combination. [See 
Chemistry.] But as they cooled they began to 
form compounds ; the iron and the oxygen 
rushed together, producing some oxide of iron ; 
hydrogen and oxygen gave birth to water- 
vapour, silicon and oxygen produced quartz, 
and so on. At tills stage the history of the 
earth belongs rather to chemistry ( q.v .) than 
to geology. 

The geological story really begins with the 
formation of the solid cnist on the surface of 



(his liquid globe. As the secular oooling went 
on, the outer parts of the liquid mass must 
have begun to harden and solidify, just as the 
lava from a volcano -or the slag from a blast- 
furnace hardens when exposed to air. At first, 
no doubt, the hardened portions sank into the 
fiery liquid, and were dissolved again, but in 
time they began to become thicker and larger, 
and to adhere together, until at last the 
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whole globe was covered with a skin of solid, 
though still intensely heated, rock. The atmo- 
sphere meanwhile shrouded this globe, and began 
to check the rate at which heat was lost ; it con- 
tained not only the air which we breathe to-day, 
but all the water of the oceans and rivers in the 
shape of superheated steam, as well as vast 
quantities of carbon dioxide, much of which is 
now fixed in our coal-measures. 

Heat of the Earth Within. An im- 
portant evidence of the formation of this solid 
crust is to be found in the well-known fact that 
the earth is still hotter within than it is on the 
surface. The phenomena of volcanoes, geysers, 
and hot springs bear witness to the existence 
of some internal reservoir of heat. That this is 
not merely local, but universally distributed, is 
shown by the fact that wherever we bore into the 
earth’s crust we find the temperature steadily 
increasing as we go down. On the average, the 
increase is 1° C. for every 90 ft. of descent. 
The actual rate varies widely according to the 
local conditions, but that is about the mean of 
numerous observations. If this rate were kept 
up, the temperature at the centre of the earth 
would be over 200,000° C. Probably the rate of 
increase does not remain so great ; it must be 
remembered that we can follow it for only six 
or seven thousand feet. But there is no doubt 
that the interior of the earth is exceedingly hot. 
At a depth of 100 miles the temperature would 
be 5,700° above that of the surface, and no 
known substance would in the ordinary course 
remain solid. Thus the earlier view of the 
earth held it to consist of a solid crust, 50 to 
100 miles thick, floating on a molten globe, 
which served as the common reservoir for 
volcanoes. 

Condition of Earth’s Interior. But 

this view has been seriously modified by 
the progress of knowledge. Astronomers have 
shown that, if the earth’s interior were really 
fluid, the sun and moon would cause vast tides 


in it which would seriously perturb the motion 
of our satellite. Nothing of the kind takes plaoe, 
and it has been calculated with entire oertainty 
that the earth, as a whole, must be far morenj^d 
than if it were a globe of solid steel. Tne 
earlier geologists omitted to take account of 
the immense pressures which the weight of the 
superincumbent strata exerts upon the materials 
of the earth’s interior, and which greatly raise 
the melting-point of the ordinary rocks. [See 
Course on Physios.] Thus, the modem view 
is that the interior of the earth is practically 
solid all through, in spite of the immense 
temperature whioh must prevail in it. The 
best theory is that of Professor Arrhenius, who 
has put forward the view that the earth is a 
vast bubble, consisting of a. solid crust [7], 
perhaps 30 or 40* miles thick, resting, on a 
liquid magma of 60 to 100 miles, which 
shades off into a globe of gas. 

But this gas is very different in physical 
properties from any which we know in our 
laboratories. That it is gas we argue, because the 
temperature at this depth must be higher than 
the critical temperature of any known substance 
— i.e., the temperature at which a substance 
can remain solid or liquid under any 
pressure. [See Physics.] But it is gas under 
a pressure so vast that its density is two or 
three times greater than that of any known 
rock, and its rigidity and incompressibility 
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are greater than those of steel. Probably 
at least half of this gas consists of iron and 
other metals. It is almost impossible to 
realise this condition of matter, but a number 
of arguments — such as those based on the speed 
with which seismic waves are transmitted 
through the substance of the earth, and on some 
anomalies of volcanic action, as well as that 
derived from what we know of the behaviour 
of substances at high temperatures and under 
great pressure — make it equally difficult to 
get away from its necessity. 

The Earth aa It is. The earth, then, which 
geology has to study, consists of a series of shells 
of matter in different states [7]. The central core 
is a globe of about 7,600 miles in diameter, which 
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is composed of iron and other elements, probably 
not forming compounds, in the gaseous state, 
but exposed to such tremendous pressure that 
it behaves as a solid and extremely rigid body. 
Outside this core is a shell of liquid matter which 
consists of all the rocks which we know at the 
surface in a state of fusion, perhaps 1 00 miles 
in thickness. Upon this magma floats the 
solid crust, 30 or 40 miles thick, which is com- 
posed of the various rocks which we have now 
to study, breaking down at the surface into 
soil. Tnree-fourths of the surface of this crust 
ate covered by the water of the oceans , the 
hydrosphere, the rest being dry land. Outside 
ail comes the atmospheric mantle , chiefly com- 
posed of air, which supports life, acts as a blanket 
to keep the earth warm and a shield against the 
blows of meteorites, anctfextends to* a perceptible 
height of about 150 miles. 

The Materials of the Earth's Crust. 

Before we can proceed to. consider the later 
history of the earth, on#to ask how the hot, 
bare rocks, of which -the surface was originally 
composed, hatoe givep birth to the habitable 
earth on which we live, 'with its varieties of soil 
and oontour, we must study the materials of 
which they are composed. Within our limits 
it is possible to take only a brief survey of the 
more important of these. 

Minerals and Rocks. We shall first 
consider the minerals, which are the chief 
constituents of the earth’s crust, and shall then 
pass on to inquire how, and under what condi- 
tions, they have given birth to the rocks which 
build up the earth’s surface. Two definitions 
may be given here, but it must be noted that 
they do not bear the weight of definitions in 
chemistry and physics. 

A mineral is a naturally -formed non-living 
substance whirh is composed of one or more 
chemical substances, ana has certain definite 
physical properties by which it may always 
be recognised!. 

A rock is “ a mass of matter composed of one 
or more simple minerals, having usually a 
variable chemical composition, without necess- 
arily symmetrical external form, and ranging in 
cohesion from more loose d6bris up to the most 
compaot stone.” (Geikie). 

Examples of familiar minerals are diamond, 
iron pyrites, quartz or rock-orystal, calcite or 
Iceland spar, common salt, mica. All con- 
stituents of the earth’s crust are known as rocks, 
in the geological sense, when they occur in 
mass. Mud, sand, and loam are rocks, 
as are granite, lava, sandstone, limestone and 
coal. V 

We shall begin witn an account of the chief 


rock-forming minerals, and the elements which 
compose them. 

Chief Elements which form 
Minerals. The earth’s crust is composed 
of some sixty or seventy elements, or bodies, 
which cannot its yet be analysed into simpler 
substances. [See Chemistry.] Most of these are 
found in the sun and other stars, as is obvious 
from the nebular theory, which presupposes 
a common origin for bodies which form part 
of our system, or, indeed, of our universe. The 
larger number of these elements, however, play 
so small a part in the constitution of the earth 
that they may be neglected by the elementary 
geologist. The following list includes the 
elements of which 99 per cent, of the earth’s 
crust, as known to us, is composed, with their 
relative proportions, as indicated by Clarke’s 
laborious analyses of a very large number of 
typical rocks : 
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Chemical 

Percentage of 

Element. 

Symbol . 

earth's crust 
which it forms . 

Oxygen 

O 

47*02 

Silicon 

Si 

28*06 

Aluminium 

A1 

8*16 

Iron 

Fe 

4*64 

Calcium 

Ca 

3*50 

Magnesium 

Mg 

2*62 

Sodium 

Na 

2*63 

Potassium 

K 

2*32 

Hydrogen 

H 

0*17 

Carbon 

C 

0*12 

These ten elements form 

99-24% 

of the earth’s solid crust. 


Hydrogen, of course, is of importance as one 
of the constituents of water, which enters largely 
into the composition of many rocks. Nitrogen 
(N), which forms no appreciable part of the 
crust, should bo added to the list on account of 
its presonoe in the air. For an account of 
the properties of these and other elements, 
the reader is referred to the course on Chemistry. 
The various minerals which we have to study in 
geology are compounds of these elements. 
About 800 of these are known, and distinguish- 
able wherever they occur by tljeir permanent 
characteristics. We need only make acquain- 
tance here, however, with a comparatively 
Rmull selection of the more common minerals. 
Some mineruls. such as coal and the ores of the 
various metals which enter so largely into our 
industries, have a practical importance which 
is out of all proportion to their place in the 
general geological scheme, and the course on 
Mining will deal with many which we must 
here be content merely to mention. 


Continued 
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By Dr. A. J. HERBERTSON and F. D. HERBERTSON, B.A. 


The Shaping of the Coast. The coast, 
or margin of sea and land, is an area rapidly 
wearing away under the ceaseless influence of 
the waves and of the sand and shingle they 
are perpetually hurling to and fro. Coasts may 
be either flat or high, composed either of hard 
or soft rock, and either drowned or raised. A 
drowned coast is one where the land has sunk 
or the sea has risen, so that the low grounds 
and valleyB are flooded. A raised coast is one 
where the land has risen or the sea has retired, 
so that what was formerly the sea bottom is 
exposed. 

A flat ooast is usually sandy, often bordered by 
sandhills and lagoons. It may be carved into 
cliffs, as in the clay cliffs of Norfolk. A raised 
coast is usually flat from the long-continued 
action of the waves during the period when it was 
submerged. Flat coasts have no good harbours. 

A submerged, or drowned, coast differs accord- 
ing to the nature of the submerged region. If 
this was hilly or mountainous, with valleys 
r unning parallel to the shore, the coast will be 
ironbound and harbourless unless the sea-level 
has risen sufficiently to give access to the valleys 
behind the first range of heights. If this happens 
T-shaped gulfs are formed. Where the valleys 
open at right angles to the sea they become 
bays, usually with excellent harbours. The hills 
between the valleys rise as peninsulas, or islands. 
If the land was flat before drowning took place 
a flat coast is the result. 

Glaciated valleys, which have irregular floors 
and steep sides, form fiords when submerged, of 
the type Been in Norway and in the west coast of 
Scotland. 

Where the land is composed of soft rocks a 
more uniform coast-line results than where it 
is composed of harder rocks, or of hard and 
soft rocks mixed. The waves in eating out the 
softer rocks often form magnificent sea caves, 
natural arches, and pinnacles. 

THE LIVING WORLD 

We have concluded our survey of the various 
forces which are continually at work on 
our planet. Let us briefly summarise the 
results. The rotation and revolution of the 
earth, together with the inclination of the axis, 
tend to equalise the distribution of tempera- 
ture over the whole surface of the globe. 
Tiffs is further promoted by the great systems 
of winds and ocean currents, which cause an 
interchange between the hot and cold air and 
the hot and cold surface waters of differently 
heated parts of the earth’s surface. In the cycle 
of changes which raises a drop of moisture from 
the ocean, carries it through the vast whirls of 
the atmospheric circulation, to fall at last as 
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rain, and be ultimately restored to the ocean 
through the agency of rivers, we have a beautiful 
provision of Nature for furnishing that constant 
supply of moisture without which plant life, 
and with it animal and human life, would vanish 
from the earth. Our study of the rainfall 
system showed how this supply of moisture is 
distributed in the form of rain as uniformly as 
may be over the globe. Finally, we saw how 
a whole set of forces, heat, cold, and water in 
the form of rain and river, are working on the 
irregular outlines of the land surface, wearing 
down the heights, filling up the hollows, ana 
tending to bring about a surface of uniform ele- 
vation over which movement in all directions 
would be easy. While we cannot say that all 
these forces are contrived to fit the earth to 
beoome the home of man, there is at least no 
doubt that such is their outcome. 

The Far North. We have distinguished 
six climatic regions — the polar regions, the 
cool temperate lands, the warm temperate 
lands, the hot deserts, the hot inter-tropical 
lands with a summer rainy season and a winter 
dry season, and the equatorial lands with con- 
stant rains. Well-marked vegetation zones 
correspond to these. 

For a varying distance round the Poles the land 
is so completely buried beneath ice and snow that 
we do not know with certainty whether it consists 
of land or sea. Beyond this comes the tundra , 
a poor moorland, frozen always to the depth 
of many feet, and covered with snow for most ol 
the year. It has a brief summer, when the 
snow melts and the hard ground thaws on the 
surface for a few inches. A dwarf vegetation 
struggles into life, consisting of tiny lierry- 
bearing bushes — cranberries and the like — and 
of “lichens and mosses of every conceivable 
colour, from the cream-coloured reindeer moss 
to the scarlet- cupped trumpet moss, interspersed 
with brilliant Alpine flowers.” The only tree, 
if such it may l>e called, is the dwarf birch, 
dwindled to a bush a foot or two high. Towards 
the margin of the tundra it begins to increase in 
size, and dwarf pines and firs appear. The 
trees increase in number and size, and the 
tundra passes gradually into poor, thin forest. 

Forests of Cool Temperate Lands. 

On the margin of the tundra farthest from the 
Poles we have a scanty forest of stunted birches 
and firs, gradually becoming denser till they form 
vast forests of noble trees. The whole of the cool 
temperate lands in both the Old and the New 
Wonds were once entirely covered with forest, 
consisting in the north of trees with needle- 
shaped evergreen leaves — the coniferous pines 
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and fire — and in lower latitudes of trees 
which lose their leaves in winter — deciduous 
trees — such as the oak, elm, beech, etc, These 
forests still cover hundreds of thousands of 
square miles in North America and Asia, but 
they have been cleared in Europe, except in the 
north and east and on the highlands of the 
centre. In the Southern Hemisphere they arc 
found in the forests of Chile and Southern 
New Zealand. 

Forests of Warm Temperate Lands. 

The warm temperate lands lie in less rainy lati- 
tudes than the cool temperate lands, and, 
except on the margins, are too dry for forests. 
New species of trees, better suited to warmer 
climates and drier, appear. In Europe the 
Spanish chestnut is a link between the 
deoiduous forests of Central Europe and the 
evergreen forests of Southern Europe and 
Northern Africa, in which the commonest trees 
are evergreen oaks, including the cork oak, and 
species of pine never seen in the colder North. 
In the Southern Hemisphere warm temperate 
forests are found in the southern part of Brazil, 
in South America, in Natal, South Africa, and 
in New South Wales and Victoria in Australia. 
In the Australian forests the chief trees are 
acacias, or wattles, and different species of 
eucalyptus or gum-trees, with their leaves 
hung sideways to reduce evaporation from the 
surface. Over most of the temperate region how- 
ever, the rainfall is so scanty that forests are 
replaced by steppes or grasslands. 

The steppes are found towards the interior of 
the continents in the warm temperate belt. The 
dimate is extreme and the rainfall scanty. 
After the severe wunter the ground thaws and 
becomes very moist, while the sun is powerful, 
so that vegetation comes on with a rush. Plants 
which quickly come to maturity do best in such 
conditions, as may be easily imagined by those 
who have watched the unequal race between 
perennial plants and quick-growing annuals in 
any garden. Trees require many seasons for 
growth, while grasses germinate, bloom, and die 
in a few weeks. On the Bteppes the latter shoot 
up with great rapidity, and with a few weeks of 
hot sun and thunder-showers they grow to the 
height of a man. Trees have no chance against 
them. Little saplings a few inches high struggle 
for life every spring, but they are quickly 
choked in the sea of grass, and cut off from light 
and air. Bulbous plants, which root easily in 
the loose soil and come into bloom before the 
grass is too high, also do well. They form a 
beautiful feature of the steppes in spring. 

An Ocean of Green and Gold. 
“Boundless tracts,” writes a traveller, “are 
resplendent with tulips — yellow, dark red, white, 
white-and-red. Immediately after the tulips 
come the lilies. They completely dominate wide 
stretches. Usually each species is by itself, but 
here and there blue lilies and yellow are gaily 
intermingled.” Another writer, describing the 
steppes later in the year, says : “ The steppe was 
nothing less than a green -gold ocean, whose 
surface Beemed besprinkled with millions of 
different coloured flowers. Here, through the 


tall, thin grasses, were to be seen purple, blue, 
and violet cornflowers ; there the pyramidal 
top of a yellow vetch shot up suddenly ; there 
the umbrella-shaped heads of clover shone like 
so many white spots ; some ears of wheat, brought 
Heaven knows whence, were slowly ripening 
among the grass.” Early maturity is followed 
by early decay By July the steppe is parched 
and brown, and the animals are dying from 
thirst in a treeless land, where shade is unknown. 
Autumn finds a barren, desolate land. 

In the Southern Hemisphere steppe lands are 
found in Patagonia, in South Amerioa. The 
grasslands of the karoo and veld in South 
Africa are a transition type to the savanas 
described below. 

Where the rainfall diminishes, as it does towards 
the Equator and away from the sea, the vegeta- 
tion of the steppes becomes poorer, and they 
pass gradually into desert or semi-desert. 

The Hot Deserts. The hot deserts lie 
in the trade-wind area, or in their lee, as we saw 
in studying climate. They are, like all the 
vegetation zones, most extensive in the Northern 
Hemisphere, and particularly in the Old World, 
where the land is broader in the latitudes of the 
trade winds than in the New World, or in the 
Southern Hemisphere. The Desert of Sahara, 
which is continued by the deserts of Arabia, 
Persia, and Central Asia, forms an almost con- 
tinuous belt, the most extensive desert area in 
the world. In the New World we find the deserts 
of the western United States in the Northern 
Hemisphere, and the deserts of Peru and Chile 
in the Southern. The other deserts of the 
Southern Hemisphere are the Kalahari desert 
of South Africa and the desert in the interior of 
Australia, the second largest in the world. 

1 he surface of a desert may be either flat or hilly, 
and composed either of sand, stones, or white 
alkaline deposits. The character common to all is 
the more or less complete absence of vegetation, 
due to the lack of rain, and not necessarily to any 
natural infertility of the soil. What vegetation 
exists is of hard, prickly plants, whose leaves 
are adapted either by their shiny, leathery 
surface or by their small spinelike character to 
lose as little moisture as possible by evaporation 
from their surface. [The mode in which plants 
breathe and perspire is described in Natubal 
History.] Aloes and cactuses are the charac- 
teristic plants of the American deserts, gum 
acacias and tamarisks of the Sahara, the wait-a- 
bit thorn and other prickly plants of the South 
African desert, and the dreaded spinifex and 
mulga of the Australian deserts. 

How Water ia Stored in the Deserts. 
Many desert plants possess the power of storing 
up water, generally in their roots. The natives of 
Australia are skilful in obtaining water from the 
long roots of the mallee, a desert eucalyptus. A 
plant of the North American desert is known by 
the expressive name of the “ well of the desert/’ 
By cutting out its centre a bowl is formed which 
quiokly nils with excellent water. In the 
Kalahari desert the water-root has saved 
hundreds of dying from thirst The ground 
round its large oval bulbs is generally so baked 
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that it has to be hacked away with a knife. 
Its bulbs are eagerly sought by both man and 
the lower animals. 

The desert is infertile because it is too dry for 
vegetation. Bain falls at rare intervals, and then 
usually in torrents, filling the dry river-beds for 
a few hours with a raging torrent. In various 
parts of the desert springs occur, and then fertile 
spots, or oases, break the monotony of the 
scene. The waters of the springs are carried 
by means of canals to every part of the oasis, 
the size of whioh depends on the quantity of 
water available for this purpose. This mode 
of supplying cultivated lands in the dry regions 
with water from a spring or river is called 
irrigation. In the oases of the African and other 
Old World deserts the date palm is the chief 
product ; but other fruits, as well as cereals and 
cotton, are cultivated. In many of the drier 
regions of the world use is made of the great 
stores of underground water. Very deep wells 


resemblance to the scenery of an English park. 
They are found in the northern part of South 
America, where they form the llanos of Vene- 
zuela and Guiana, and south of the Equator in 
the campos of Brazil and in the pampas of 
Argentina. They occur in Africa, north and 
south of the Congo forests. In Australia the 
Darling Downs, and other grasslands of the 
north, are in the savana region, whioh is re- 
stricted in area by the widespread drought of 
that continent. Farts of India, South-East 
Asia, and the East Indies, usually at some eleva- 
tion, are also savana lands. Savana lands due 
to elevation are found on mountains in the 
equatorial belt at the height of a few hundred 
feet. 

The Equatorial Forest. On each side 
of the Equator are regions of constant heat and 
moisture, forming a sort of natural hothouse. 
Nowhere else does vegetation develop in such 
luxuriance. Trees known in other latitudes as 
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are sunk till these are reached, after which 
irrigation becomes possible. Thousands of such 
wells have been sunk in the drier parts of Aus- 
tralia and the United States. 

Vegetation of Hot Lands with a 
Summer Rainy Season. Such hot lands 
are found on both sides of the wet equatorial 
belt, extending as far as latitude 35° or 40°, 
according to the height, exposure, and con- 
figuration of the country. The cause of the 
summer rainy season has already been explained. 
This savana region, as it is called, consists of 
grasslands with clumps of trees which do not 
form woods or forests. The trees are of kinds 
unknown farther north. They have massive 
trunks, with thick bark, and many spread 
out their branches in umbrella fashion. Many of 
them store up water against the dry season, 
which, though winter, is still hot. Lands of 
this type, with fine trees dotting a grassy land- 
scape, are often called parklands, from their 


dwarfs become giants, and new and colossal 
species appear. Dense forests cover many 
thousands of square miles in the basin of the 
Amazon in South America, in the Congo basin 
of Africa, and in South-East Asia and the 
adjacent islands. Many of the Pacific islands 
are also densely forested. 

Perhaps the best description of the equatorial 
forest is by Stanley, in his description of the 
forests of the Congo. “ Imagine a space,’ * he 
writes, “ four times the size of England, Scotland, 
and Wales crowded with colossal trees 200 ft. 
in height, with their thick, glossy foliage so 
interlaced that the hot, glaring sun of the tropics 
is quite shut out. Each tree is seemingly lashed 
to every other by endless lengths of number- 
less cables ranging from tender, thread-like 
creepers to others of the thickness of the old 
hempen hawsers of a line -of -battle ship. Under- 
neath the thick, impervious shade is the impene- 
trable undergrowth, so close that you could 
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travel easier above the top of it. Imagine the 
forks of each tree crowded with little con- 
servatorics of orchids and ferns, and their grea 
horizontal limbs burdened with grey-green 
lichens with leaves as large as prizo cabbages, 
and with drooping epiphytes, or air plants, as 
well as hosts of tendrils swinging ceaselessly 
about, and here and there great swaying wal s 
and nodding towers of vinos, round the flowers 


palm along the shores, the bread fruit, and roots 
such as the yam are grown. 

Animals. The wild animals of the world 
disappear rapidly wherever man penetrates, and 
domesticated animals are introduced by him 
wherever he makes permanent settlement. In 
the Polar seas the seal and walrus are hunted 
for their furs. In the tundra the reindeer has 
been domesticated. Its hoof is specially fitted 
fnr mnviny over the boggy ground in Bummer, 

in winter 
beneath. 
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bank, and fed by never-ceasing rams, 
coursing impetuously or oozing lazily 
from under floating beds of lilies, 
while the sickening-sweet odours are 
almost overpowering. Once in a 
10-mile march we crossed 32. The 
rain comes after bursts of thunder, 
with displays of dazzling lightning 
and raging tempests, and lasts from 
four to fifteen hours.” 

Rubber is among the most valuable 
wild products of the equatorial forest. 

Cultivated Plant* of the 
Various Zone*. In the tundra 
agriculture is and always must be 
impossible. In the temperate lands, 
warm and cool, we get a great Variety 
of useful products, including many 
cereals, of which wheat is the 
)B, in- 
supply 

winter ioaaer ior uve-sux;*. and 
those which, like the potato 
and sugar beet, supply 
articles for human con- 
sumption ; a very large japan 

range of fruits, and many 
industrial plants. The 
range of products is, UN,TED states 
on the whole, greater 
in the warmer lands, as 
the plants of cooler lati- RUSS,A 
tudes can be 
grown at suit- china 
able elevations. 

In the warm British 
temperate lands empire 
maize and 
millet become 
the most im- 
portant cereals 
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severe winters by thick furs, for 
which they are so recklessly hunted 
as to be in danger of extinction. In 
the clearings of the temperate lands 
wild are replaced by domesticated 
animals, of which horses, oattle, 
px*w r , — pigs are the most ‘ 

E ortant. The steppe was the original 
ome of all these. The North 
American grasslands teemed with 
bison, which the early pioneers reck- 
lessly exterminated. The camel, a 
native of the Old World steppes, is 
the chief domesticated animal of the 
deserts. In the higher parts 
of Central Asia the yak, a 
species of ox, is used for 
crossing the highest passes. 
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of camel, is similarly used. 
In the same region the semi- 
domesticated alpaca, and the 
wild vicuna and guanaco, 
all camels, may bo noted. 
The African savana is the 
home of the elephant, 
zebra, giraffe, lion, leopard, 
rhinoceros, 
and innumer- 
able antelopes, 
while the hip* 
358,000,000 popotamus 
haunts the 
other . rivers. In the 

Indian 298 396.000000 tropical forests 

1 of Asia the 
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’he population of the Home Country is shown by the shaded area. The figures 

inside the rectangles give population in millions arenounumer 


128,961,000 
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itice and cot- 
ton, which are sub- tropical plants— that is, 
belong to latitudes near the tropics, are 
grown in the hottest parts. The steppes are 
grazing lands, but where not too dry are 
very suitable for the cultivation of cereals. 
In the savanas the banana becomes an 
important article of food, and coffee, sugar, 

■ J - - — At elevations 

most temperate products do well. In the 
equatorial forest belt there is little agriculture, 
except of a primitive type in the clearings. In 
the forests of Eastern Asia the sago palm is a 
staple food. In the Pacific islands the coco-nut 


ous in the 
equatorial forest anywhere. The animals of South 
America differ considerably from those of Africa. 
The largest beast of prey is the pmna, or South 
American lion. Australia, when discovered, was 
very poor in animals. The most remarkable was 
the kangaroo. Of animals introduced by Euro- 
peans the rabbit has bred till it is a dangerous 
pest. 

A word must bo said of creatures hostile w 
man. The mosquito is supposed to be the means 
by which malaria is spread, and if so, many 
parts of the world will continue dangerous till 
it is exterminated. The tsetse fly of Africa 
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prevents the keeping of animals where it is 
found, and unfits large areas for settlement. 

Man. Man is the most widely distributed 
of all animals, being found from the polar seas 
to the equator. This he owes to the possession 
of superior intelligence, which enables him to 
suit himself to his surroundings. It is often 
said that man conquers Nature — a difficult task. 
It is truer to say that he co-operates with 
Nature, adapting himself to her imperious laws. 
He becomes hunter, fisher, keeper of animals, 
farmer, as the character of his home suggests, 
and thus he can live almost anywhere. His 
great discoveries have been the making of fire 
and the practice of agriculture. 

Races. There is no general agreement as to 
the number of races in the world [51], and experts 
cannot agree whether all have developed from 
one, nor what was the place of origin. The 
white, or Caucasian race, many branches of 
which are veiy dark in colour, occupies most of 


perhaps the earliest type of man [52 and 54]. 
The different races regard each other with 
dislike. The white race, in particular, declines 
to intermarry with the others, though irregular 
unions have produced a fairly large half-caste 
population. It is doubtful if this attitude can 
long be maintained. Japan, now a first-class 
Power, will conceivably claim to intermarry 
with European reigning houses, and it is difficult 
to see how the privilege could be refused. This 
would introduce a new principle into the world, 
and might naturally lead to the formation of a com- 
posite race combining the best qualities of each. 

Religion. In Europe, and countries colon- 
ised from Europe, the prevailing religion is 
Christianity in one or other of its great forms— 
Roman Catholicism, Greek Catholicism, and 
Protestantism, the last - named including 
many sects [53]. In Turkey the religion is 
Mohammedanism, a creed which finds a 
following from the Atlantic to the Pacific, but 
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Europe, and a great part of Asia. Its mem- 
bers have also colonised all the New World, 
South Africa, and Australia, and are now trying 
to settle in the tropics. The yellow, or Mongolian 
race, occupies Eastern Asia. In South-east 
Asia is the Malay, or brown race. A great part 
of Africa is occupied by the black, or negro race. 
There is a large negro population in the southern 
parts of North America and in Brazil, descended 
from slaves imported from Africa. Peoples of 
negro blood are also found in Southern Asia, 
and the Malay Archipelago, and in the islands of 
the Pacific south of the equator, and west of 
180°. The inhabitants of the other Pacific 
islands are probably of very mixed blood. The 
aboriginal inhabitants of the New World, or 
Indians, are sometimes classed as belonging to the 
Red Race, and are probably descended from the 
Yellow races. Certain peoples, like the Pigmies 
of the Congo forest and the Bushmen of South 
Africa, seem to belong to a primitive dwarf raoe, 


is especially powerful in the desert and semi- 
desert lands of Africa and Asia. Only Buddhism, 
largely professed in Central and Eastern Asia, 
can be compared with these two in universality. 
Brahminism, a philosophical Nature worship, has 
millions of adherents in India. Confucianism in 
China, and Shintoism in Japan, are both primarily 
ethical. The African savana and forest landB 
and the islands of the Pacific produce many 
varieties of degrading and cruel religious beliefs. 

Government. In early stages of sooiety 
there is probably no choice between anarchy and 
despotic government. A relaxation of despotism 
comes with advance in civilisation. Despotic 
government is still the rule, except among the 
white races. In Europe the government of 
Russia is practically despotic. Turkey, though 
nominally a European Power, preserves the 
despotic ideas of her Asiatic origin. With the 
exception of France and Switzerland, which 
are republics, the countries of Europe have 
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hereditary rulers, whose power is more or 
less limited by constitutional safeguards. The 
characteristic form of government of the 
modem world is a federal republic under an 
elected president.. It is universal in the New 
World, except in British, Dutch, and Danish 
Colonies. 

World Powers, The nineteenth century 
witnessed a revolution in the conditions of 
transport. This has brought all parts of the 
world to within a few days or weeks of each 
other, and has led to the growth of world Powers, 
with colonies and dependencies in many parts of 
the world. The British Empire, the greatest 
in population and area, stretches through all 
latitudes, and is equally powerful in both the 


Old and the New World. Its constituent parts, 
where of white blood, are, with rare exceptions, 
permitted full self-government. Elsewhere the 
government is despotic, but extremely just. The 
Russian Empire extends across Asia to the 
Pacific, and is throwing out feelers towards the 
Persian Gulf. It is everywhere despotic. France 
has colonies in Eastern Asia and Northern 
Africa, and shows great organising power. 
Germany is creating an empire by acquiring 
territory in Africa and important interests in 
South America and Asia Minor [66]. Finally, 
the United States and Japan have both within 
the last few years acquired territory outside 
their own borders. 

Continued 



66. THE EUROPEANISATION OF THE WORLD 

A striking example of the influence of Europe, which, though one-foui teenth of the land in area, controls six-eeventhe 
of this. The word European is obviously used in its comprehensive sense, embracing i&ces of European descent. 
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FIGURED BASS & COUNTERPOINT Sc 

Theory of Figured Bass. Choosing Harmonies. Counterpoint. 5 

The Fugue. Books to Sludy. Conclusion of “ Musical Theory ” ^ tuluertfT0 „ 


By J. CUTHBERT HADDEN 


IN the old-fashioned pedagogic study of har- 
mony, vast attention was paid to what is 
called ‘ r Figured Bass a kind of shorthand 
used by musicians, wherein the intervals which 
the notes of a chord form with its bass are 
expressed by figures. It is really of little practical 
value, for no composer begins by writing a bass 
to be fitted with harmonies ; he begins with a 
melody, and sets harmonies to that. Never- 
theless, the system of figured basses is still much 
used for students’ exercises, and it is necessary 
to know something of the principles upon 
which it is founded. 

Stated in a word, these figured basses are 
simply a system of interval measurement from 
the lowest note of the chord. Thus, a bass note 
to be accompanied by a common chord (eighth, 
fifth, and third) would be figured or g. In 
practice, however, the common chord, being 
so common, is left unfigured, it being understood 
that an unfigured bass note is to bear a common 
chord. First inversions are figured g or simply 6, 
second inversions J. A discord of the seventh is 
expressed by the essential figure 7, its inversions, 
in their order, by g, J, and J. A discord of the 
ninth (including a seventh) is figured 9, and the 
inversions 7, g, $, and The latter figures 
correspond with those for the inversions of the 
seventh, but the student can always distinguish 
a seventh from a ninth by the root note and 
generally by the resolution. When the same 
bass note is to bear two separate chords, the 
figures indicating these are always given. For 
example, if J J were placed below the bass note 
G, the result would be : 



When accidentals are to be introduced, the 
necessary indication (sharp, flat, or natural) is 
placed before the figure representing the note 
to be affected, an accidental 1 - without a figure 
invariably referring to the third from the 
bass. Such are the foundation principles of 
figured bass. It is a very complicated system 
when taken in all its details, and in a work 
of this kind no good purpose would be 
served by a more extended exposition of it. 
Ninety-nine students out of every hundred 
want to 44 set ” melodies, not basses. 

And it is really much more difficult to choose 
appropriate harmonies for a given melody than 


to fill up a figured bass, which at best is a 
mechanical exercise. In setting about the 
harmonising of a melody, the student should 
give preference to the fundamental chords of 
tonic, dominant, and subdominant, either in 
root positions or inversions. It is by these 
major chords that strength and substance are 
imparted to a composition. But the three 
minor chords of the scale afford an agreeable 
relief, and these should be used along with the 
major chords as contextual and other conditions 
will allow, giving preference to the chord of the 
supertonic, next to that of the submediant, 
and last of all to that of the mediant. In the 
choice of inversions, be guided to some extent 
by the progressions of the bass itself regarded 
as a melodic part. Secure contrast whenever 
possible in the progression of the two most 
prominent parts of the harmony, so that if the 
melodv moves by large intervals the bass Bhall 
move by small ones, and vice versa. A judicious 
mixture of discords will give still further variety, 
and the same may be said of passing notes, 
when the character of the composition will 
allow of their introduction. At first the student 
will often hesitate about the particular chords 
to use for the notes of his melody, for every 
melody may be fitted with a great variety of 
basses. 

On this point we quote the late Dr. John 
Hullah. He says : “ In the choice of roots 
for the several principal notes of a melody, its 
division into sections should first be ascertained ; 
then the keys in which these severally end, and 
(as a necessary consequence) the cadences, per- 
fect, imperfect, or plagal, of which their penulti- 
mate and ultimate notes form part. ... In 
harmonising passages which modulate, or imply 
modulation, care should be taken, at the 
moment the modulation is about to l)e made, 
to use only such chords as belong both to the 
scale about to be quitted and to that about 
to be entered.” In at least all his earlier 
attempts at harmonising, the student should 
always take means to put what he has written 
to the test of actual sound. Only in this way, 
and by a liberal use of manuscript music paper, 
can he hope to attain facility and success in the 
fitting of parts to a melody 

Counterpoint. The word counterpoint has 
a flavour of antiquity about it. And counterpoint 
is, indeed, a very ancient scienoe, for it oame before 
harmony strictly so called, and governed the art 
of musical composition well-nigh to the close of 
the sixteenth century. Nowadays the student 
who is well grounded in harmony often shirks 
counterpoint altogether, regarding it os super- 
fluous. In any oase it is customary to teach 
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harmony before counterpoint. The late Sir 
George Macfarren urged that students should 
reverse the process ; that they should “ master 
the laws of counterpoint, and so approach the 
fundamental or massive harmonic school by the 
path of history.” This would be pedantic. The 
more usual method of teaching counterpoint pre- 
supposes a knowledge of harmony. 

But what is counterpoint, and wherein does it 
differ from harmony ? The word means literally 
“ point against point ” (punctum contra punctum) 
— that is, in modem terms, note against note. 
Notes were formerly termed “points,” and 
adding a counterpoint meant setting one point 
or note against another. To combine notes — 
rather let us say melodies — one with another 
is the essence and aim of counterpoint. Every 
part must be of equal interest. This is how 
counterpoint differs from harmony. In har- 
mony a melody is accompanied without special 
reference to the inter-relation of the parts. As a 
French theorist puts it, there is a material 
ready made to begin with — namely, chords. 
These the harmonist combines, modifies, links 
together ; but they are always chords. Counter- 
point recognises nothing of this kind. The 
chord is not a personality to the contrapuntist ; 
he takes no heed of its name or its existence, 
and considers notes only in respect of their 
reciprocal distances, their consonance or dis- 
sonance, and their affinities. In a word, 
counterpoint is the art of combining melodies. 

Simple and Double Counterpoint. 
Having thus cleared the ground, we proceed 
to a concise review of this somewhat abstruse art. 
The first thing to be noticed is that counterpoint 
is classed under the two broad divisions of 
“ simple ” and “ double.” When the parts are 
to be performed as they stand, the counterpoint 
is “ simple ” ; when they are capable of being 
inverted, so that the higher part may become 
the lower, or vice versa, the counterpoint is said 
to be “double.” Next, observe that counter- 
point is divided into five distinct orders or 
u species.” A “ subject,” technically called the 
canto fermo , is taken, and according to the 
manner of treating this subject, so is the par- 
ticular “ species ” of the counterpoint. Here 
are the five kinds or “ species ” : 

First species. Literally “ note against note ” — 
t.f.. every note of the canto fermo accom- 
panied by a note of equal value in the 
counterpoint. 

Second species. Two notes — in triple time, 
three — against each note of the canto fermo. 
Third species. Four, six, or eight notes against 
each note of the canto fermo. 

Fourth species. With syncopations and sus- 
pensions. 

Fifth species. Florid or figurate counterpoint, 
in which all the previous kinds are com- 
bined, with additional ornamentations. 

Notice, next, that there is a strict counterpoint 
and a free counterpoint. In strict counterpoint 
(the older form) diatonic progressions are chiefly 
employed, discords being admitted only as sus- 
pensions or passing notes. In free counterpoint, 
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on the other hand, all sorts of dissonances and 
progressions unknown to the strict style are 
allowed. Practically, it is part-writing in the 
modem style, for it is founded on modem har- 
mony. In all counterpoint the means, com- 
pared with harmony,, are vexatiously limited. 
Thus the only concords reoognised arc the octave 
(or unison), the perfect fifth, and the major and 
minor third and sixth. All other intervals are 
discords, including the perfect fourth when it 
stands between the lowest and one of the upper 
parts. Add to all this that each of the five 
species of counterpoint is written in any number 
of parts, from two to eight or more, each form 
(as regards the number of parts) regulated by its 
own special laws, and it will be seen how futile 
would be an attempt to encompass the subject 
in a work of this kind. Perhaps the best way 
will be to take two-part oounterpoint of the 
various species, show by musical notation its 
actual nature, and state some of the rules which 
govern each particular species. 

We have then the first species , where the 
added part is note against note of the subject. 
This is illustrated here by Cherubini: 



In this species only consonances are used, 
the beginning being a perfect consonance, 
unison, octave, or fifth ; the end a unison or 
an octave, preceded by the leading note. 

In the second species we have two notes against 
one. 



Here, again, the beginning should be with a 
perfect interval, and it is considered better to 
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start the counterpoint after a minim rest. The 
last bar but one should contain the leading note, 
preceded by the submediant if the counterpoint 
i 8 fin the upper part ; by the dominant if in the 

lower. 

Hie third species shows four quarter-notes in 
the counterpoint to the whole note of the canto 
feme , as in the following example from Al- 
brechtsberger : 


i 


four species preceding, to which may be added, 
for further variety, dotted half-notes and eighth* 
notes joined two by two. The following is an 
example : 
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In this species the first bar usually begins with 
a crotchet rest, and in the last bar the counter- 
point note must be of equal value with the canto 
fermo. 

In the fourth species the added part is in 
Byncopation (tied notes) to each note of the 
canto fermo. Thus, in an example from Ernst 
Pauer : 




The unaccented part of the bar, which always 
carries a consonance, becomes here, by the 
rhythmic displacement, the accented. The first 
measure of the counterpoint must contain a 
half -note preceded by a half -rest. The close is 
made by the suspended leading note, in the 
penultimate bar, and the tonic, a whole note, in 
the final bar. 

The fifth species (florid counterpoint) is, from the 
composer's point of view, the most interesting 
of all. It is an absolutely free mingling of the 



These, then, are the five kinds of simple 
counterpoint. We have not quoted a third of the 
rules regulating each individual species. The 
first speoies, for example, is bound by something 
like a dozen separate restrictions, and if some 
of these are relaxed for the other species, new 
restrictions immediately take their place. The 
student, in short, will find counterpoint a very 
severe form of exercise. A French writer sym- 
pathetically describes the student of music as 
“ feeling singularly hampered at first, and for 
some time scarcely able to move at all.” But 
he will become accustomed to this, and later take 
great pleasure in what had at first appeared quite 
insupportable. The most exhaustive and up-to- 
date treatise on the subject is Professor Prout’s, 
but the student will find Sir Frederick Bridge's 
primers in Novello’s series of great practical 
value ; also Dr. Pearce’s “ Student’s Counter- 
point ” and “ Composer’s Counterpoint." 

The F ugue. The fugue is the highest form of 
composition in counterpoint. All the “ species " 
are employed in it, and a special “ build " is 
imposed, from which there is no escape. The 
term is derived from the Latin, fuga t meaning 
“ flight ” ; and the characteristic of a fugue is 
that the parts seem to be constantly flying from 
or pursuing each other. This was emphasised by 
the remark of a cynic, who regarded the fugue 
as a dry form of composition, that the parts 
“ flew away from each other, and the listener 
from them all." The constructive elements of a 
fugue are made up of : (1) The subject , or prin- 
cipal theme ; (2) the answer , at the fifth above 
or the fourth below ; (3) the counter -subject ; and 
(4) the stretto (Italian, meaning “narrow," 
“ drawn together ”), in which the subject and 
the answer are brought as close together as 
possible for the purpose of heightening the 
interest. There are accessory elements— epi- 
sodes, counter -expositions, etc. — which, however, 
cannot be dwelt upon here. It will do the student 
greater service to quote the German theorist and 
composer Fux, who gives concise directions 
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for the construction of the fugue in its simplest 
form. 

How to Construct the Fugue. “First 
(he says), choose a subject suitable to the key 
you intend to compose in, and write down your 
part in that part wherewith you intend to begin. 
This done, and having first examined your 
subject, to see that it be conformable to your 
key, repeat the same notes in the second part, 
either in the fourth or fifth ; and while the 
second part imitates the first wherewith you 
have begun, put such notes in the first part as 
will agree with your imitating part, accord ng to 
the directions given in the figurative or horid 
counterpoint ; and after having continued your 
melody for some bars, regulate the parts thus 
that the first cadence may be made on the fifth 
of the key. Then resume your subject mostly 
in the same part you have begun with, but by 
another interval, after having first put a rest of 
a whole or half bar, which, however, may be 
omitted in case there should be a great skip 
instead of it. After this, endeavour to bring in 
your seoond part, after some rest, and that 
before the first part draws to a conclusion ; and 
having carried on your subject a little longer, 
make your second cadence in the third of the 
key. Lastly, introduce your subject again in 
either part, and contrive it so that one part may 
imitate the other sooner than at first, and if 
possible after the first bar, whereupon both 
parts are to bo united, and the fugue finished by 
a final cadence.” 

Examples of the Fugue. These are 
abundant in classical music, for every composer 
has written something in this form. The greatest 
of all fugue writers was Sebastian Baoh, whose 
44 Forty-eight Fugues ” and other numerous organ 
and choral fugues, monuments of constructive 
genius, ought to be familiar to every student of 
this most scientific branch of musical composition. 
Bach, as an acute critic remarks, understood how 
to unravel all the scientific and artistic mysteries, 
to throw life, fluency, grace, and charm into his 
fugues ; and he alone was able to present an 
almost unceasing variety of subjects, while he 
possessed inexhaustible means of enriching the 
beauty and power of his themes. There is an ad- 
mirable little work on Fugue by Mr. James Higgs 
(Novello), which the student will find helpful. 

Musical forms can be dealt with only very 
briefly. The sonata is the most important of 
the instrumental forms. According to modem 
use, it has generally four separate movements — 
the first in the elaborate so-called sonata form ; 
the second in some slower time ; the third a 
minuet ; and the fourth (the finale) usually a 


rondo. The second and third movements are 
interchangeable. Each movement may be said 
to form a separate composition, and yet possess a 
connection with the other movements. “A oertain 
unity of feeling must pervade the whole.** The 
masterpieces in this form are chiefly the work 
of Beethoven, Haydn, and Mozart. The struc- 
ture of the sonata applies also to the symphony, in 
which a certain number of instruments are 
united “ to produce a poetical representation of a 
series of emotions of the soul.** It has a broader 
and grander treatment than the sonata, as witness 
Beethoven’s “Pastoral” or “Eroica” sym- 
phonies, compared with any of his sonatas. In 
the concerto we have a pieoe in three movements, 
in whioh one particular instrument (piano or 
violin) is regarded as the solo instrument, and is 
accompanied by a small or larger orchestra. The 
overture stands half-way between pure symphonio 
art and musical dramatic art, ana is derived from 
both. Its object usually is to “prepare the 
spectator for the emotions of the drama which is 
about to be performed in his presence by placing 
him in the mood most suited to receive the 
impression vividly.” Hence it is often con- 
structed out of the material of the work itself, 
or filled with allusions to its principal themes. 

Boohs to Study. Such are the leading 
instrumental forms. It would be impossible 
to describe in detail the form of the chant, the 
chorale, the anthem, the part-song, glee, and 
madrigal, the march, the various dance forms, the 
suite, the rhapsody, the string quartet, the fan- 
tasia, and the variation, to say nothing of extended 
works like the opera, the oratorio, the mass, and 
the cantata. Some of these are briefly described 
in the glossary on page 42. For fuller details 
the studont should consult such works as 
Ernst Pauer’s “Musical Forms” (Novello), or 
the articles under the various headings in 
Grove’s “ Dictionary of Music and Musicians.** 

We thus conclude our survey of the theory of 
music. With the more advanced branches of 
the subject it has necessarily been a case of 
merely placing the student on the road leading 
to the heights. Much that a Boethoven and a 
Wagner knew has perforce been omitted. But 
the foundations have been laid, and with the aid 
of the more exhaustive works of the theorists 
the student can readily rear his superstructure. 
Professor Prout, our greatest living master of 
theory, has completely covered the subject in a 
series of works which are unrivalled in any 
language. To these the student aiming at the 
very highest attainments must be referred. The 
musical theory books are legion, but none are 
better, none more exhaustive, than those of 
Professor Prout. 
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the medium of a ferment known as diastase, of 
converting the starch into sugar during the 
process of germination. Sugar being soluble, is 
therefore easily appropriated. 

Influence of Light and Air, It will 
be notloed that however the beans are laid in the 
soil, the stem grows upwards towards light and 
air. If we exclude air, growth is prevented, 
while if we exclude light, we shall find the leaves 
retain the whiteness of colour which always 
distinguishes them before they emerge from the 
soil. The green oolour of the leaf is owing to the 
presence of a colouring material known as chloro- 
phyll. It has been remarked already that the 
plant, after germination, is fed by food stored 
within the seed. This food is quickly exhausted, 
but it so far enables the seedling to develop 
its plumule and leaves, and its radicle, that it 
may be placed in a position to obtain food for 
itself from both soil and atmosphere. 

We have seen that the seed is stored with 
starch, upon which, after conversion into sugar, 
the seedling is fed. Starch, like sugar, is known 
among feeding materials as a carbohydrate — i.e., 
it is a compound of 
ca-rbon, hydrogen, and 
oxygen, the two latter 
elements existing in 
the compound in 
practically the samo 
proportion in which 
they are combined in 
water — •>., two parts 
of hydrogen to one 
part of oxygen. Starch, 
like sugar and other 
carbohydrates, is thus 
air-derived, the ele- 
ments of which it is 
composed being appro- 
priated by the leaves 
of plants. If a piece 
of sugar or starch be 
burnt, nothing re- 
mains ; the elements of which it is composed 
have returned to the atmosphere. 

The Plant’s Food Supply. If a seed has 
germinated, and is allowed to remain exposed 
upon the tile or saucer to w T hic*h we have re- 
ferred, the seedling will die when its food supply 
has been exhausted. Similarly, if we deposit 
seed within pure sand which has been calcined 
to destroy any nutritious matter that it may 
contain it will germinate and grow until, having 
exhausted its store of food, it withers and dies. 
On the other hand, if the sand be mixed with 
small quantities of the minerals with which 
plants are normally supplied by the soil, together 
with a small portion of fertile soil, which will 
convey the necessary bacteria, a leguminous plant 
will flourish, for it will then be able to obtain its 
nitrogen from the atmosphere. When seed is 
deposited in fertile soil, germination following, 
the plant grows because it is supplied with food ; 
but its size, vitality, and growth depend upon 
the soil being furnished with a regular supply of 
food, and especially in that the soil has, by 
cultivation, been brought to such a fine condition 


that the tiny plant rootlets are able to seek and 
appropriate it. 

Thus, if we compare the beans which have 
been planted as an experiment with others which 
have germinated in a sauoer, we shall not 
only be able to asoortain the influence o t depth 
and of temperature, but we shall observe that 
the growth of the former is owing to some- 
thing which they find in the soil, and which 
is not available to those growing apart from it, 
only to die when they have exhausted the food 
which the seed provides. If seed be de'posited in 
cold, wet soil, the temperature being below 
germinating point, it may remain intact, especi- 
ally in the case of oily seeds, like those of the 
weed known as charlock, or wild mustard ; or it 
may die and rot. 

When wet and cold weather follows early 
winter sowing, it frequently happens that a large 
proportion of the seed fails to germinate, and is 
spoiled ; hence the importance of draining and 
improving the porous character of heavy soils. 
It is proverbial that where seed is sown unusually 
early or late, a larger quantity is required to 
ensure a normal crop. 
This may be partially 
owing to failure to 
germinate, but it is 
chiefly owing to the 
depredations of birds 
and vermin, which 
make greater inroads 
upon a seed-bed during 
these seasons than 
during the main sow- 
ing season, when a 
much larger area is 
available to them. 

How to Recog- 
nise Good Seed. 
It is important to 
learn how to recognise 
a good sample of seed. 
Without an actual test 
it is often impossible to distinguish fertile from 
infertile seeds, and in sonr* cases a farmer of 
experience may fail to differentiate between 
pure and impure seeds. It is, however, of 
primary importance to distinguish between a 
good sample and a bad sample from bulk, 
whether in hand or in the sack ; and in order to 
do this there is nothing like practical experi- 
ment — actual comparison between known fine 
samples and known impure and imperfect 
samples. If comparison be made in the presence 
of an expert who points out the differences in 
colour, size, and general characteristics, so 
much the better for the novice. 

It is important that seed should not only be 
pure, but full of vitality, and consequently that 
it should be new and in good condition. The 
brownish imperfect colour in the oat, for example, 
indicates that it may have heated in the rich* 
and its vitality destroyed. All grain should 
be bright, pure in colour, clean, sweet under 
the nose, and up to weight. There should be 
a minimum or, indeed, entire absence of thin, 
small grains, which are quite common in samples 






3. Seed in soil with air but 
without water. 

x. Seed. Dark apace* : Air-fllled 
pulverised Boil. White : Air, 



7. Wheat germinating. 


ft. Shoot leaving its 
sheath. 

b. Shoot evolved. 
r, l J ncvolved shoot. 
d . Bootle's. 


A. B 

6. Improvement of Maize by selection. 

A. Developed heads. B. Original heads. 


8. Seeds in furrow. 

a . In hollows, b. On tops and sides of furrows. 



9. Seeds on badly-ploughed furrow. 
c. Clustered seeds, shallow covered. /. Clustered 
seeds, buiied deep, g. Scattered seeds, shallow 
covered, h. Scattered seeds, deep covered. 


10. Seed sowed by drill at regular depths. 


1 1 . Irregulai growth on irregular furrow, 
c. Plants in clumps, d. Plants scattered. 

' 1 ,f ** 


12. Irregular plants on ill-ploughed fuirow. 
e. Late plants. /. Early plants, g. . Regular 
plants. 



13. Regular growth from drill-sown seed. 


SEEDS AND SOILS 

Showing the result of scientific method in modern forming 
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of second-rate oats. No better object-lesson 
than the seed classes at an agricultural show, 
such as Birmingham, which may be studied with 
great advantage, can be suggested. Clovers 
and grasses are in particular liable to impurities 
and adulteration, and special care should be taken 
in their selection. 

Buying Seed. In buying seed it is wise to 
deal with the best firms, and to obtain guaran- 
tees with each purchase. That the price is a 
little higher than that charged by seedsmen 
without reputation is not to be considered. A 
buyer must expect to pay for the extra trouble 
which a guarantee of purity involves. Suppose 
we count a hundred seeds, and find 20 per cent, 
of the sample to be impure. And suppose, 
further, that of the 80 per cent, of the seeds 
remaining wo find on testing for germination that 
25 por cent. fail. In such a case we obtain onlv 
60 per cent, of good seed, the cost of which 
may have exceeded that charged by the seller 
of a guaranteed sample. The cost of seed 
which is both impure and wanting in vitality 
is oftentimes enormously greater than that of 
apparently costly guaranteed seed. If it be 
inconvenient to make a test of a purchased 
sample, the buyer should communicate with 
the Secretary of the Royal, or Rome other im- 
portant agricultural society, that a test may 
bo made for him by the expert retained for that 
purpose, and ho will have the advantage of a 
semi-official report at a very nominal cost. 

Weight as a Guide to Value. Weight 
of seed is a guide to its value. For instance, 
oats weighing 36 lb. to the bushel are more or 
less common on the market ; but, apart from the 
impurities they contain, there are many small 
oats almost entirely or quite devoid of kernels. 
The mere husk is useless, while small seed with 
a tiny kornel is next to useless, for it oannot 
produce a tine prolific plant. Oats for seed 
should weigh from 40 to 42 lb. to the bushel. 
Weight is significant, inasmuch as it means that 
the seeds are robust, and if well Bavod, full of 
vitality, and that they contain abundance of 
food for the nourishment of the seedling plant. 
The weight of seeds will, however, be referred 
to in the chapters dealing with agricultural 
plants. The testing of seed has long been 
conducted at the Swiss station at Zurich, by 
Dr. Stobler, whose work on the subject is of 
the first rank. There are also public stations 
in Denmark, Sweden, and the United States, and 
it is significant that in the absence of a British 
official station, the station at Zurich has been 
long and largely supported by British growers. 

The Life ef Seed. It is important to 
notice that the life of seed varies considerably. 
While the seed of the cabbage and the swede 
retain vitality up to six years, or even more, 
it is unsafe to sow the Bced of oats, spring wheat, 
or barley which is over two years old. Much 
depends upon how seed has been kept, but in 
practically all oases the number of seeds whioh 
germinate after sowing diminishes with each 
year of its age. It is, therefore, the safest plan 


to insist on new seed. With reference to 
germination, it is necessary to point out that 
the best seed may fail in a bad seed-bed. The 
soil should, therefore, be fine, deep, and well 
compressed after sowing. A coarse bed may 
leave some seeds lying in open spaces, where, 
after germination, they are liable to die. In 
order to be well equipped with facts relating to 
the behaviour of seeds during and after germin- 
ation, the learner should make experiments with 
cereal, clover, mangel, turnip, and grass seeds, 
similar to those to which we have referred in 
the case of the bean, always remembering to 
avoid a wet soil — in which the seed may be 
damaged or destroyed — and a very dry soil, in 
which it may long lie before germination. 

Uses of Seeds. The seeds of plants 
commonly supply food for men and animals, 
as in the case of cereals and pulses, linseed and 
cottonseed, the two last named supplying oil 
for industrial and other purposes, while the 
residue remaining after pressure provides food 
for farm stock. All seeds contain the nutrients 
known as the carbohydrates — chiefly sugar and 
starch — fats and oils, also remarkable for their 
richness in carbon, and the protcids, which, in 
addition to the elements already named, contain 
abundant nitrogen. The seeds of plants, 
therefore, play a double role ; they are responsible 
for, and essential in, the production of crops, 
while they provide the most valuable and 
concentrated foods which are supplied to the 
animals consuming those crops. 

The majority of fanners regard a change of 
seed from time to time as essential to the 
success of their crops. The work of the ex- 
erts employed by the Government of Canada 
as practically proved that this change is not 
essential, and that the only method of increas- 
ing the crop from the point of view of seed 
influence is to breed — ».e., to produce seed on 
the principle of selection. The method whioh 
has now been adopted for some years is prac- 
tically as follows : 

Increasing the Crop. The strongest plants 
of the most suitable variety known on the farm 
on which it is grown are selected before harvest- 
ing or cutting. The ears of these plants are 
separately collected, and in the case of grain the 
com is threshod and dressed, the heavest grains 
alone being retained. These grains are sub- 
sequently sown on a specially prepared seed-bed, 
enriched with manure with the object of pro- 
ducing fine strong plants which will bear equally 
fine and robust seed. Before harvest arrives 
the best plants are again selected, and subjected 
to the same treatment, the finest seed alone 
being retained for sowing, and so from year to 
year the seed, instead of being saved from the 
main crop, is produced from the best seed grown 
upon the bes* ears sown in a special seed-bed. 

The principle is applied equally to pulse, 
clovers and potatoes, with the very best results. 
These results are superior to any obtained in 
any other way, and they can be confidently 
followed, inasmuch as they are based upon the 
clearest of scientific principles. 


Continued 
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THE VAST FORTUNES OF TO-MORROW, ideas 

Where they will be Made. Waste Utilisation. Cheap Ozone. Artificial 5 

Silk. Forestry. Photography. Food-stuffs. Entertainment . 


By ERNEST 

'T’HE man whom we call the greatest crea- 

* tive genius is in reality the most versatile 
plagiarist. He reads the book of Nature, and 
in a thousand ways applies her wonderful 
lessons. He gives practical effect to cardinal 
principles ; he utilises concrete examples. The 
greatest lesson of all he is still learning — the lesson 
that in Nature there is no waste. The credulous 
native who venerates a plant or rock as embody- 
ing one of his departed ancestors has more of 
fact on his side than is commonly credited. 

The idea was well expressed by Lord Playfair 
when he said : “ The economy of the chemistry 
of art is only in imitation of what we observe in 
the chemistry of Nature. Animals live and die ; 
their dead bodies, passing into putridity, escape 
into the atmosphere, whence plants mould them 
into forms of organic life, and these plants, 
actually consisting of a past generation of 
ancestors, form our present food.” 

The New Meaning of Waste. Man, 
then, taking this lesson to heart, iR evolving a 
new meaning for the word “ waste.” The refuse 
of yesterday is the potential wealth of to-morrow. 
Sawdust, which anciently had no use except 
as pack ng for unsatisfactory dolls, is now 
made to yield alcohol ; or to form, when mixed 
with blood from the abattoir, imitation ebony, 
wheels for roller skates, and other useful articles. 
One patient speculator seeks to convert it, by 
compression, into planking. Coal-smoke has in 
it the elements of wealth ; from it there may be 
extracted industrial alcohol and other market- 
able products. One firm has already made it 
return 10 per cent, of lead which was previously 
precipitated into the atmosphere. 

There is undreamed wealth in the refuse-heaps 
which disfigure the neighbourhoods of blast- 
furnaces and collieries. Lovers of the country- 
side are attempting, by planting them with 
trees and shrubs, to obliterate these hideous 
blemishes by which the landscape is scarred. 
But the day may come when the trees now being 
planted will be uprooted in order that wealth 
may be extracted from the heaps now despised. 

rower from Blast Furnaces. Every 
year some 18,000,000 tons of slag are pro- 
duced by the blast-furnaces of Great Britain. 
Already an industry has grown up around these 
miniature mountains. But the possibilities are 
not nearly exhausted when, so far, we get 
only ballast and slag-wool. The blast-furnaces 
themselves permit the escape of enormous 
volumes of energy which we must learn to con- 
serve, so that it may furnish such districts with 
artificial heating and lighting, and with power 
to drive the machinery of the towns, their trams, 
and trains. An example of what may be aceom- 
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plished in this direction is afforded by a great 
firm in the West of Scotland. Fifty per cent, 
of the coal which they consumed, it was 
found, was permitted to escape in waste ; gas 
was dissipated in sufficient volume to light a 
dozen towns. Ingenious minds devoted to the 
problem devised plant whereby now they derive 
power for driving all the machinery to collect the 
tar and break it up for use as fuel oils ; pitch 
for use as fuel ; ammonia to the extent of half a 
ton a day. Altogether, what was absolute waste 
is converted into a net profit of over 120,000 
per annum. 

A Pure Water Supply. If it Ik; true 
that dirt is matter in the wrong place, it is 
equally true that waste is waste only to those 
who have not brains or sufficient energy to 
resolve its elements into useful form. One 
of the problems by which scientists of to-day 
are faced is the treatment of sewage and the 
purification of water supply. Yet it is acknow- 
ledged by the highest authorities that, the most 
noisome residuum with which we have to deal 
is the very product necessary for the maintenance 
of fertility in the soil of Europe. 

And we must be upon the eve of solving the 
question of pure water supply. While the 
present paper was being written London was still 
considering the statement of one of its Medical 
Officers of Health to the effect that we must no 
longer look to the Thames as a supply of water 
for drinking purposes, as the river lias become 
hopelessly polluted. It is a statement of this kind 
which gets things done. Not until members 
of Parliament were threatened with fever from 
the stench of the Thames did we get the 
Embankment in place of the malodorous fore- 
shore which was slowly poisoning London. 
When the Thames is pronounced impossible of 
purification we may hope to see it purified. 

Nice sets us a brilliant example. Its water 
supply has long been a danger to health. Now, 
while this paper is in course of preparation, the 
authorities there have embarked upon a scheme 
for the ozonisation of their drinking water — 
9,000,000 gallons of water per day are to be 
ozonised. No drink is purer than ozonised 
water. The process kills every deleterious 
organism in the fluid. Setting at defiance 
cholera, typhoid, diphtheria, it promises to 
give us from the Thames water of which the 
most delicate may safely drink. But the benefit 
does not end here. By its aid the atmosphere 
of the hospital ward, the sick-room, the public 
hall and theatre may be purified. 

Cheaper Ozone. What we want now is a 
cheaper process of ozonisation. Cost is at 
present the only barrier. When the man with 
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an economical method comes forward there 
will be no reason why every tram and train, 
every office and shop, every establishment in 
which we eat our meals, shonld not have its due 
supply of invigorating ozonised atmosphere. 
But, even now, only the fringe of the subject 
has been touched. The commercial possibilities 
of ozone are infinite. Ozone, when wo get this 
cheap process, may banish chemicals from the 
bleaching-house. Cotton and paper will be 
bleached by its aid. Delicate fabrics inevitably 
suffer by chemical bleaching ; there is at 
present nothing to equal the primitive old 
method of bleaching by the aid of the sun. 
The country housewife shows her knowledge of 
this when she lays out washed linen to dry in 
the sun on hedgerow and grass-bank. Ozone 
will bleach as effectively as the sun, but in 
one-thousandth of the time. 

The need for a new process of paper manu- 
facture for art work has already been con- 
sidered. It may be added here, at the suggestion 
of a noted chemist, that in the course of the 
next 20 years the surface of the highly-glazed 
art papers at present in use will be practically 
destroyed. Paper-making is an industry more and 
more claiming attention. Rag paper for news- 
papers is too costly ; certain grasses now in use 
vield too brittle a result ; the forests to which we 
look for wood-pulp as a source of supply are 
rapidly disappearing. A new supply is badly 
needed ; it is coming already from Newfoundland. 
The stalk of Indian maize, so long a curse to 
the cultivator, is now being successfully employed 
for the purpose. Millet, of which enormous 
quantities are grown, serving already to its 
cultivators as many purposes as the reindeer 
serves to the Eskimo, may have yet another 
value as a base for paper manufacture. 

The Butcher’s Laboratory. Nature 
is an insistent mistress. When we cast aside 
residual products as useless, she has a habit of 
making the refuse so intrude upon our attention 
that out of very vexation ana despair we are 
impelled to take note with a view, not so much 
to utilisation as to disposal. The cotton seed 
was long the plague of the planter’s existence ; 
to-day it is a gold-mine to him for conversion into 
oil and cattle-food. So it was with the refuse of 
the slaughter-house. But what a miracle of 
adaptability the modem scientific butcher has 
become ! He makes the bullock yield from by- 
products so many articles of value that now we 
are assured by the Beef Trust that the bullock is 
not worth cultivating as beef ; that the profit 
comes only from materials which, but the 
other day, were a waste and an offence to our 
olfactory nerves. 

Those who will may believe it, but just as 
Manchester, by the intelligent application of 
unpleasant matter to its proper use, has con- 
verted a Bterile bog into a smiling estate, 
yielding food for the many, so the butcher takes 
the carcases, element from element, and meta- 
morphoses them into combs, buttons, pipe- 
stems, handles, tooth-brushes, powder-puffs, 
billiard balls, meat extracts, tonics, sugar, 
gelatine, oil, soap, pepsin, and fertilisers. 
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Lord Masham’s vast mills at Manningham 
are an even more attractive example of the 
application of brain-power to the mastery of 
commercial problems. It cost him only a 
penny per pound to buy the great mass of sticky, 
dirty waste left after the cocoons of silk had 
been unwound ; but he had spent a quarter of 
a million sterling before he had mastered the 
secret which that filthy heap contained. That 
quarter of a million, and all the time he devoted 
to it, have since then yielded fortune upon 
fortune to him, and prosperity and relative 
wealth to a large population at Manningham. 

A Romance of Textiles. We want 
more of these scientific men in commerce. The 
great masters in the textile trades have done 
practically all that is possible with the materials 
at their disposal. They want now new fibres 
for clothing and other textile purposes ; ramie, 
it is said, is to become a chief textile of the 
future. Distillers want new processes, enabling 
them economically to utilise all their residual 
products. Scientists want the man who, with a 
mental divining-rod, will guide them to refuse 
heaps or natural deposits whence they may 
extract radium. Some day the Queen of 
England mav wear a dress of silk spun, not by 
the worm, but by human hands. There are 
three processes already in operation in England, 
and increasing attention is being given to the 
subject. 

Centuries ago James I. endeavoured, un- 
successfully, to acclimatise the silkworm here; 
now, after the lapse of all these years, there 
seems a possibility that we may challenge 
France in the production of silk. Those who 
are working at it modestly disclaim the hope 
of rivalling the natural product, but there is 
good reason to believe that the man may come 
who will give us an article so beautiful and 
durable that the proudest lady in the land will 
not be ashamed to wear it. This, of course, 
would open up quite a new industry for England. 
And that is an important consideration. Every 
discovery which makes its mark upon the 
commerce of our country means addition, not 
only to the wealth of the individual, but to the 
earnings and comfort of the community. 

Two Industries from an Experiment. 
It has been already noted how the approxima- 
tion of various branches of industry, hitherto 
regarded as widely separated, is creating 
wonderful developments. Lace, muslin weaving, 
netting, and hosiery are coming together. It is 
fascinating to trace the development of industry 
from industry ; to note how two or three come 
together, ana then others branch out in wholly 
unexpected directions. How important these 
developments may be can be seen from this very 
question of the artificial production of silk. 
One of the processes mentioned was the result 
of experiments tried with a quite different end 
in view. The object was a solvent for cotton, 
whereby the latter might be converted to 
various uses. The cotton having been changed 
to liquid form, the time came when it was 
found possible to spin it, in its new form, just 
as the silkworm spins. But the wonder did not 
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end here. When the liquid set, it was found to 
provide an excellent filament for incandescent 
gas-mantles ! Here, then, are two new in- 
dustries from one and the same experiment. 
Need we, after this, despair of converting a 
ball of worsted into a navigable airship ? 

Fortunes to be Made in the Forest. 
A subject of national importance to this country 
is forestry. It is, of course, a sound argument 
that where forests are, crops for the food of man 
cannot be. But, then, those who advocate 
afforestation do not plead their cause at the 
expense of arable and pasture land, any more 
than those who advocate the multiplication of 
pretty toys for children would care to destroy 
the manufacture of mathematical instruments. 
We spend between £*20,000,(XK) and £30,000.000 
annually on imported timbers. Some little 
share of that might go into the pockets of 
thousands now leaving the land in this country 
were it possible to conduct a scheme such as 
they have, say, in Germany. Their forest 
industries represent excellent wages to several 
hundred thousand families, aggregating in all 
some three or four million people. These find 
employment in wood -turning, carving, coach - 
building, match-making, wood-pulp manu- 
facture for paper, drum and cask hoop-making, 
the manufacture of w r ooden rivets, spoons, 
shovels, and toys in endless variety. 

The afforestation of catchment areas in 
Great Britain has an important bearing upon 
pure water supply ; and the attention of the 
student may be directed to the experiments of 
Liverpool and of some other corporations now 
in progress. 

Toys. Apropos of toy-making, there is no 
reason why great firms in whose premises 
carpentry, cabinet-making, and the like are 
carried out on a considerable scale should not 
add to their income by establishing departments 
for the manufacture of toys and bric-a-brac ; the 
debris from the lathe and bench is juHt the 
material, now T wasted, which would serve for the 
purpose. Birmingham ought to claim a larger 
share in the home market for mechanical toys, 
of which hundreds of thousands are annually 
imported at prices ranging from a penny to 
a half-crown. America is setting up her toy- 
works in conjunction with larger enterprises ; 
and she has no monopoly of the executive skill 
necessary for the work. Here, however, as in 
many other directions, she gives the lead to 
the Old Country, where, so long have we enjoyed 
commercial ascendency that w T e arc averse to 
adopting new schemes or new implements. Yet 
it is only by assimilating new ideas, instead of 
condemning them untried, that we shall reassert 
ourselves anew in the markets of the world. 

Mention of toys suggests other possibilities 
for the children. An American firm finds it 
worth while to place on the market a contri- 
vance for the rapid blowing of soap-bubbles. Tf 
that, in the judgment of acute men of business, 
be a sound investment, other ideas of a similar 
character might safely be tried in this country. 
Of the millions of children who go each year to 
the seaside, all, rich and poor alike, have at their 
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disposal only the same old sources of amusement. 
Adults complain of the deadly dulness of the 
seaside ; for the children the conditions are still 
worse. 

A New Seaside Industry. Spade and 
bucket serve to-day as spade and bucket 
served when our grandparents w T ere children, 
Castle- building, with moat and trench, arc the 
joy of the children on the sands. Spade and 
bucket are but primitive tools for the work. A 
simple implement for “ mining” sand — some- 
thing which would make a trench at a stroke, if 
need be — is the thing wanted for the beach. 
There is a whole armament of new toys for the sea- 
side to be made by the man who cares to under- 
take the thinking. Another phase of seaside life 
affording openings should appeal to wlmt we may 
term “ the children's Grossmith.” Pier enter- 
tainments are not. as a rule, for children ; and 
too often the “niggers” and pierrots are re- 
cruited from the ranks of itinerant vocalists 
who, out of the seaside season, wail for pence at 
the doors of public-houses, and take their pot- 
house “humour” with them for the summer to 
the sands. An entertainment on the* beach or 
the pier which would appeal to children and be 
absolutely free from offence would be a boon 
indeed. 

An All -day Entertainment for 
London. The same stylo of entertainment is 
needed for children in London. And older 
children would welcome harmless amusement. 
London with its ever-swelling throngs of pleasure 
stokers should support at least one place of 
amusement at which visitors could drop in for 
an hour at any time of the day. Wo have many 
theatres and variety halls, but where, east of 
Charing Cross, can entertainment of the character 
indicated be obtained, and where, even in that 
part of London, save at one hall ? Sight-seeing 
palls upon even the most eager seeker after 
knowledge ; he would pursue his way with the* 
greater avidity after an interregnum devoted to 
rest and recreation in a hall where for an hour 
he had listened to good music and laughed at a 
really humorous song. The experiment of 
giving four performances a day has been tried 
at one London establishment, but discontinued 
after a few months. In conditions demanding 
less expense in production the venture ought to 
prove successful. It costs no more to have open 
a hall in which is a concert- platform than to 
keep it closed. And where there is entertain- 
ment to be had, London visitors will go — and 
be thankful. London should provide fortunes 
for many Grossmiths if they would afford her 
the opportunity. After this digression the 
matter must be left, while attention is given to 
more material considerations. 

We have a tremendous object-lesson before us in 
the story of aniline dyes. There is still living in our 
midst, in this fifth year of the twentieth century, 
the man who has given incalculable fortunes to 
the world. Dr. W. H. Perkin was experiment- 
ing with a refuse — coal-tar — when he discovered 
the first aniline dye. Science knows no country, 
it is pleasantly said ; but, unfortunately, one 
country knows science a good deal better than 
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another. And the discovery of this great 
Englishman was seized upon by the German 
chemists. The secret had been laid bare in 
England, but our system was not capable of 
developing it, and almost entirely the millions 
upon millions sterling which it represented 
have passed into German keeping. We export 
the raw materials for the work, and the 
Germans sell us the finished article ! 

An English Idea Which Made 
Germany Rich. All the most exquisite 
essences, all the dainty perfumes for the toilet- 
table, all the delicate odours for our best soaps ; 
saccharine, hundreds of times sweeter than sugar 
and realising a fabulous price ; carbolic acid, and 
all our beBt disinfectants ; with, of course, all our 
finest dyes, result entirely from the discovery 
made by this English savant. He placed us first 
in the field, and the incalculable wealth which 
his discovery portended might have been ours 
exclusively but for the characteristic inefficiency 
of those who should have been ready to seize and 
develop the idea. It is questionable whether 
a nation has ever before been so vastly enriched 
by the discovery of an individual as Germany 
has l>een from the discovery of Dr. Perkin. 
They deserve their gains just as they deserve 
the success which attends their manufacture 
of artificial indigo ; deserve it because they 
systematically sought to develop and best 
turn to account the new idea. But they have 
killed India’s indigo trade, and they make 
England buy German essences and dyes. 

In the same way Great Britain, whose coal-beds 
are the finest yet discovered, has had within 
the last two years reluctantly to follow where 
the Continent and America have led in the 
matter of mining coal by machinery. Many 
mines have been shut down here as no 
longer profitable because seams had run thin 
or the coal was too hard to be profitably mined. 
The coal -cut ting machine can work at a rich 
profit seams wdiich could not have been touched 
by the labour of man except at a heavy loss to 
the mine-owner. 

Photography in the Future. Another 
respect in which we have lagged behind is 
photography. Great as is the advance made 
within recent years in England, the art is 
still only in its infancy. The world is still 
awaiting the advent of the man who shall 
photograph colours, and print them from one 
negative. There are a thousand and one 
appliances which the photographic operator 
wants. Ho wants simpler methods of develop- 
ing and printing and fixing. Delightful work 
as it is, the time now required for the developing 
of a series of negatives in the dark-room is too 
long, as well for one’s limited leisure as for his 
health. Daylight developing is now practicable 
with a certain outfit ; it is wanted for all. 
It should not always remain impossible to 
develop by “ dry ” methods. The wet plate has 


long been improved out of existence ; the time 
has come for liquid developers to follow suit. 
The same remark applies to toning and fixing. 
These processes are at present too slow and 
irksome. The man in the roadside booth 
manages in a few minutes to produce a per- 
manent portrait — of a sort ; but the first-class 
photographer cannot. Speedy work, especially 
for the illustrated press — a goldmine to the 
photographer — is a feature of increasing im- 
portance. Photography in future will be much 
more common for commercial purposes. It 
will be more and more used in the office as an 
adjunct to machine-drawing, a circumstance 
which should be borne in mind by the student. 
There is also a future for photography, experts 
declare, in advertising. 

Food-stufTs claim the attention of the chemist. 
A thousand things are rejected as waste from 
industrial establishments which can be made 
digestible and nutritious for cattle and poultry. 
For human beings there is a certain sentiment 
against converting waste products into alimen- 
tary delicacies, but our great chemists frankly 
state that we must in the future look with 
increasing expectancy to the laboratory for 
sustenance, and that into those laboratories 
more and more men with brains and originality 
will have to go. The manufacture of artificial 
butter and margarine, which no one would have 
dreamed possible a few years ago, is now rapidly 
becoming an important industry. And other 
food -supplies will have to be augmented by 
similar means. 

Chemistry, the Prudent Housewife. 

Waste must be no longer waste in the old 
sense. We have advanced immeasurably since 
Lord Playfair opened our eyes to what was 
happening in the laboratories of the world when 
he said : “ Chemistry, like a prudent housewife, 
economises every scrap. The clippings of the 
travelling tinker are mixed with the parings of 
horses’ hoofs from the smithy, or the cast-off 
woollen garments of the poorest inhabitants of a 
sister isle, and soon afterwards, in the form of dyes 
of brightest blue, grace the dress of courtly dames. 
The main ingredient of the ink with which I now 
write was possibly once part of the broken hoop 
of an old beer-barrel. The bones of dead 
animals yield the chief constitutents of lucifer 
matches. The offal of the streets and the 
washings of the coal-gas reappear carefully 
preserved in the lady’s smelling-bottle, or are 
used by her to flavour blancmanges for her 
friends. 

All this was wonderful when Playfair was in 
his prime, but we have left far behind the out- 
posts of the applied science of which he in his 
day was so brilliant an exponent. The student 
of to-day has at his disposal more knowledge 
of applied science than had the man who taught 
the subject to the present King of England. 
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brick aprons, and where any carving of brick- 
work is required. They should yield to scoring 
by a knife, but not by the thumb-nail. 

Fletton Bricks* or Flitters. This 
variety comes from around Peterborough, and 
has been largely used of late years. They vary 
in colour from red to a dirty grey, and are not 
equal to London stock bricks, although used 
as substitutes in common work. 

Machine-pressed Bricks. These are of 
various colours according to the clay used, and 
owing to thei'* smooth surface are suitable for 
town buildings, where smoke and soot abound. 
Being very regular in shape, they may be built 
with close joints. 

Sand-faced Bricks. This variety is 
preferred by architects, from the good tone and 
texture and uniform colour, although they do 
not weather so well. Those should be selected 
which have a good ring when struck together. 

Blue Bricks. Blue bricks are made chiefly 
in Staffordshire, and owe their colour to the 
large amount of oxide of iron contained in the 
clay. They are very thoroughly burnt to obtain 
a vitreous structure, and hence arc very hard and 
durable. They arc used for heavy foundations, 
plinths, inverts of sewers, and wherever moisture 
or hard wear have to be resisted. For door and 
window- jambs in warehouses the angles are 
generally rounded by using bull -nosed or quoin 
bricks, with a round comer, bonded in with 
rectangular bricks. True Staffordshire blue 
bricks are a deep blue-black colour throughout, 
but inferior ones have the outside the right 
colour while the inside is red, being formed 
of common clay dipped in a wash to colour them 
in burning. 

Paving Clinkers. Paving clinkers are 
of two chief varieties— the term-metallic , of the 
same colour and quality as Staffordshire blue 
bricks ; and adamantine clinker a , of a pale- buff 
colour, from Stamford in Lincolnshire. They 
are machine pressed, and hence very heavy 
and dense in structure, resisting wear to an 
astonishing degree, and impervious to moisture. 

Glazed Bricks. Glazed bricks are usually 
dipped in a “ slip ” of specially prepared clay, 
so that when burnt a china-like skin of an 
artificial colour is produced on the exposed 
surface, either white or any other colour that 
may be desired. Glazing is also produced by 
throwing salt into the furnace, hence the term 
“ salt-glazed ” which is applied to stoneware pipes 
similarly treated, but these are not dipped, so 
that they retain their natural colour. 

Firebricks and Clays. Bricks in 
general are the best fire-resisting materials we 
have, but some varieties are peculiarly good 
in this respect, although not having the other 
properties required in ordinary construction. 
These are known as firebricks, and may be 
roughly divided into two classes, according to 
the material from which they are made— viz., 
(a) the silicate of alumina class, in which the 
alumina is about half the silica, and the silica is 
chiefly in the combined form ; and ( b ) the siliceous 
class* in which the silica predominates up to 
644 


about 90 per cent., chiefly in the free state. 
Class a burn hard, are dense and smooth, and 
make good paving-bricks. They are only suited 
for moderate heats. Class b are rougher to the 
feel, are somewhat friable when burnt, have a 
coarse grain, but are very refractory, with- 
standing furnace heats up to 4,000 or 5,000 
deg. Fahr. Stourbridge bricks are intermediate 
in character, while Dinas bricks possess the 
extreme degree of refractoriness. This results 
from their freedom from iron oxide and alkalies 
— in fact, a small percentage of lime has to be 
added in the manufacture as a combining 
material to hold the grains of silica together. 

Terra - cotta. Terra-mtta, as the name 
implies, is burnt earth, or, rather, a mixture of 
clays that will burn to a dense but not too hard 
condition, with a smooth, semi -vitrified face. 
It must be capable of moulding easily— that is, 
must take the impression well and retain its 
shape while drying, and not shrink or war}) 
excessively in burning. Terra-cotta for building 
purposes is moulded into hollow blocks, with 
shells about 2 in. thick, in order that the drying 
and burning shall be more uniform. The interiors 
are filled with fine concrete l>efore the blocks are 
placed in position in the building. It is most 
important that the outer skin shall be left intact, 
as this is virtually imperishabl * ; while the 
interior, if left exposed, would weather badly. 
The colour varies from a buff or pink to a dark 
red, according to the proportion of oxide of iron 
contained in the clay. 

Roofing Tiles. Roofing tiles are generally 
made from red terra-cotta clays squirted in a thin 
hand of the requisite section and wire-cut into 
the required length. Pantiles 1 58] are then 
baked, but plain tiles (59] undergo a preliminary 
pressing in order to consolidate them, and render 
them more impervious to the weather. Plain 
tiles are, before burning, bent over a leather 
saddle to make them hollow on the underside, 
so that they may fit closely at the tail, to prevent 
rain from driving in the joint. They are holed 
for the pegs at the same time. 

Ridge Tiles. Ridge tiles [60] are used to 
span the ridge of a roof and cover the slates or 
tiles on each side in order to form a weather- 
tight joint. 

Hip and Valley Tiles. These [61 and 
62] are made of special shapes, to fit the hips 
and valleys of tiled roofs, and varied to fit the 
pitch of roof for which they are required. 

Ornamental Roofing Tiles. Various 
outlines and sections are made similarly to plain 
tiles. Common forms are shown in 63. 

Hanging Tiles. These are made of the 
same material as roofing tiles, unless they are 
finished with a glazed surface, when they are 
more often of stoneware, and made to any 
required colour by a dip-glaze upon the exposed 
face. 

Wall Tiles. These tiles when bedded direct 
upon the wall, are usually made of stoneware, 
with dovetailed grooves or holes in the back to 
form a key, and glazed on the face to any 
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required colour by a dip-glaze, in which they are 
inserted before burning, and they are then known 


as glazed tiles. , 

Embossed Tiles. Embossed tiles are 

pressed in a mould with a sunk die, which makes 
a raised figure on the surface of the tile, after- 
wards glazed. 

Encaustic Tiles. For encaustic tiles 
the die has a raised pattern, forming on the 
face of the tile depressions which are filled in 
with a differently coloured slip. Various modi- 
fications are adopted to produce the different 
patterns and colouring required by architects. 
Inferior encaustic tiles, in which the colour is 
merely applied as a transfer on the surface, in- 
stead of being burnt in along with the clay, are 
now largely made. The best encaustic tiles 
consist of threo layers : (a) a slab of very pure 
clay of the colour required for the ground of ike 
pattern : (6) the body, which is of coarser clay ; 
and (c) the back, which is formed with a thin 
layer of clay different from the body, to prevent 
warping. 

Dry Tiles. These are, as their name implies, 
mode by a dry process, and are of the same 
colour throughout. The clay is carefully pre- 
pared and mixed with the colouring agent, passed 
through muslin or silk sieves, dried, and reduced 
to a fine powder, which is placed in a press and 
reduced to about a third of its bulk as well as 
being thoroughly consolidated. At the same 
time the pattern, if any, is impressed by means 
of a die. The til s are then carefully dried 
in a hot room, glazed and fired. 

Majolica Tiles. This variety has various 
colours applied in the form of an enamel or 
glaze, and undergoes successive burnings to in- 
corporate all the colours properly. The same 
process is applied to ornaments and figures, as in 
the majolica fountain in front of the Bethnal 
Green Museum. 


Glass Tiles. Glass tiles were at first 
simply thick glass with an opal face, and are 
much cheaper than ordinary white-glazed tiles, 
but very liable to fraoture. They are now made 
in a gr^nt variety of styles and colours and 
with raised patterns. 

Paving Tiles. Paving tiles, paving blocks, 
or quarry tiles, are made of red terra-cotta clay, 
6 in. or 12 in. square and 1 in. to li in. thick. 
They are laid dry on a thin bed of sand, or bedded 
and jointed in mortar. They are used chiefly 
for outdoor side-passages of houses, where the 
traffic would otherwise w ork up the soil into mud, 
and for the floors of washhouses, sculleries, and 
farm kitchens. 

Floor Tiles. The commonest are terra- 
cotta or stoneware tiles, 6 in. square and £ in. 
thick, in buff, red or black, usod in greenhouses. 
The better kind are made in various shapes — 
square, hexagonal, triangular, and rectangular, 
coloured throughout their substance by colouring 
matters mixed ’with the clay before pressing ana 
burning, and used to form tessellated pavements or 
mosaic patterns for halls, passages, &c. When 
well burnt they are very durable and pleasing in 
effeot. Smaller pieces of the same material 
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are called tessera:. These are made either by 
the dry process, above described, or out of moist 
clay cut into various shapes by wires. They are 
very true in form, and can be laid in mosaic 
work without any rubbing. 

Mosaic WorK. Mosaic work is formed by 
small pieces of tiles or marble bedded in cement. 
In one method a pattern iB made upon brown 
paper, upon which the pieces are temporarily 
stuck, face downwards, and the whole is inverted 
for fixing. In another system they are imbedded 
direct upon the floor. This is known as Roman 
mosaic. Care has to be taken that the foundation 
is sound and rigid, and that properly air-slaked 
cement alone is used, as otherwise unsightly 
cracks appear upon the finished surface. 

Mosaic paving slabs are made by arranging 
tessera to the required pattern in a rough 
wooden frame. Cement is then run in over the 
backs of the tesserae and the whole formed into a 
slab, which is strengthened by two layers of tiles 
set in cement. 

Drainpipes. It is only within the last 
fifty years or Jess that any care has been taken 
in the manufacture or laying of drainpipes. Soil 
drains for taking domestic wastes may be made 
of cast-iron or of stoneware. The former have 
the advantage of fewer joints and greater 
strength, but they have the disadvantage of 
requiring to bo carefully protected from corrosion 
by coating, when hot, with a pitch compound 
known as Dr. Angus Smith’s prooess. Stone- 
ware pipos, when properly made and used, have 
the advantage of permanency without further 
preparation. 

Stoneware Pipes. These are made from 
refractory clays, mixed with sand and ground 
pottery to prevent shrinkage, and burnt at a 
high temperature, so that they are vitrified 
throughout, and are hard, dense, and impervious 
to moisture. In order to present as little 
obstruction as possible to the flow of liquid, and 
to prevent any accumulation of deposit on the 
inside, they are salt-glazed ; but the best kinds 
have the spigot ends and the insides of the 
sockets unglazed, so that the cement used for 
making the joint may hold firmly. They ore 
2 ft. long from bottom of socket end to the end 
of spigot, and vary from 3 in. to 15 in. inside 
diameter. A diameter of 4 in. is sufficient for 
ordinary house-drains, and 6 in. for a mansion. 
The larger sizes are sometimes made oval, so 
that a small flow may take place with the least 
wetted perimeter, and consequently the least 
friction. Traps of all kinds are made of the 
same material. Stoneware pipes should have a 
yellowish-grey fracture and be incapable of being 
scored with a knife. 

Earthenware Pipes. Common socketed 
drainpipes are made from mild clays whioh 
will not Btand a very high temperature in 
burning, and they are consequently somewhat 
porous and not so durable as stoneware pipes. 

As the salt-glaze that is used is nearly transparent 
earthenware pipes can be detected by their 
reddish colour. They have also a less metallic 
ring than the stoneware pipes, and the fractured 
surface can generally be soored with a knife. 
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Agricultural Pipe*. These are made of 
similar clays, squirted in a pipe machine and cut 
off with a wire into short cylindrical lengths. 
They are made without sockets, and laid with 
butt joints nearly touching, but leaving sufficient 
space between for water to enter. They are only 
used for draining land, or for insertion in a 
retaining wall as weep-holes. 

Flower -pots and Seed-pans. These 
articles are made of the same material as 
agricultural pipes, on a potter’s wheel, and 
afterwards baked. When made into fancy shapes 
or into small figures they are called terra-cotta. 

Sand. Sand may consist of small grains 
of any material, but what is commonly known 
as sand consists almost entirely of small grains 
of quartz, which is nearly pure silica, as sea sand. 
Pit sand is coloured by oxide of iron (Fe H 0 4 ), 
the colour varying from yellow to red, according 
to the amount contained. Pit sand is usually 
contaminated with a certain amount of clay, 
causing it to have a loamy feel, and this has to 
be washed out before the sand can be used for 
mortar or concrete, as the smallest quantity 
when wetted forms mud, which spreads and 
envelopes the lime or cement, preventing the 
adhesion of the mass. For this reason, the finer 
the lime or cement is ground, the better chance 
it has of resisting the presence of clay. All sand 
is formed by attrition of larger particles in the 
ordinary course of nature, so that the grains 
are more or less rounded. What is called sharp 
sand is merely sand that is free from clay, and 
not sharp in the sense of pointed, angular 
fragments. When examined under the microscopo 
some varieties are more angular than others, 
but freedom from clay is the essential point. 
For plastering and for fine joints in gauged work 
it is necessary to screen or sift the sand to 
obtain small uniform grains, but for thick joints, 
especially for use in concrete, sand of varying 
size is advantageous. Sea sand may be used 
with Portland cement, as the slight hygroscopic 
properties are beneficial, but the same properties 
are detrimental in the case of lime, retarding 
the setting and causing an efflorescence on the 
work. 

Gravel. Gravel is simply large sand. Ballast 
is sand and gravel mixed. Burnt ballast is clay 
burnt to a red colour, as described above. Hard 
core is the material used in the foundation of 
roads, consisting of brick rubbish, broken slag, 
furnace clinkers, and frequently dustbin refuse. 

Varieties of Lime. Lime, caustic lime , 
or quicklime (CaO) is formed by burning chalk, 
marble, or any limestone containing a large 
proportion of carbonate of lime. Its great value 
in construction lies in the fact that when 
slaked and mixed with sand to form a mortar it 
can be used as an adhesive for joining biicks or 
covering walls, where it sets — in which process 
it absorbs carbonic acid from the air — and 
beoomes hard again by reversion to carbonate of 
lime (CaCO<t). The calcination is effected in 
a flare-kiln [64] or a draw-kiln [65]. The flare - 
kiln is best for chalk -lime, where the colour 
requires to be kept pure. It consists generally 
of a rectangular budding with dome top, having 


fire holes along the bottom over which rough, 
tunnel-like arches are turned with blocks of Btone 
laid dry, leaving many spaces, and the chalk is 
piled over these arches so that only the flame 
passes through the chalk, while the carbonic acid 
and moisture escape through an opening at the 
top. Generally, two or more of these kilns are 
arranged side by side and worked alternately. 
A simple flare kiln is shown in 64. The draw- 
kiln is a common form frequently seen on a hill- 
side in a chalk district. It is shaped like an 
inverted cone or parabola, with a draw-hole at 
the bottom [65]. In this kiln the stone and 
fuel are tipped in alternate layers, and the 
burnt limestone is withdrawn from the bottom. 

Pur© Lime. Pure lime , called also rich, or 
fat lime, is made from chalk or marble, which 
are practically pure carbonates of lime. The 
calcination drives off the carbonic acid and 
water, leaving pure quicklime. This possesses 
the property of absorbing a great amount, of water 
with a hissing noise, the evolution of consider- 
able heat, and a great increase of bulk, passing 
into the form of hydrate of lime, commonly 
known as slaked, or slacked, lime. It under- 
goes this change slowly on mere exposure to the 
air, reabsorbing carbonic acid at the same time. 
It is called rich, or fat lime, because it will bear 
a large proportion of sand mixed with it. Pure 
lime is used for lime-whiting and for plastering. 
It never attains great hardness, but is very free 
from blouring , becauso of its readiness in slaking. 
If any other lime is used for plastering, it is 
apt to blow — that is, small particles that have 
resisted the primary slaking, slake in the wall 
and blow off small patches, or cause blisters. 
As the setting is so prolonged pure lime is not 
suited for making mortar for building walls. 

When the chalk or limestone is impure a poor 
lime is the result, the impurities forming so much 
inert matter, reducing to that extent the amount 
of sand that may be used with it. 

The grey lime, or stone lime, used in the neigh- 
bourhood of London is in this sense a poor lime 
obtained from Dorking, Hailing, Mcrstham, etc. 
It swells less in slaking, with less evolution of 
heat, but containing about 4 per cent, of alumina, 
it sets more rapidly than pure lime. Grey lime 
is so called from the colour of the stone from 
which it is produced, the lime itself being yellow. 

When the limestone contains clay (silicate of 
alumina) the lime formed from it sets quicker, 
and is classed as feebly hydraulic, moderately 
hydraulic, or eminently hydraulic, according to 
the amount of clay contained. The term 
hydraulic means ability to set in a damp 
situation. 

Blue Lias Lime. Blue lias lime is burnt 
from limestone from the lias formation in 
different districts, as Keynsham, Lyme Regis, 
Bath, Aberthaw, Rugby, etc. Some of it is only 
moderately hydraulic, but other samples are 
eminently so. As in the case of stone lime, the 
name comes from the colour of the stone and 
not of the lime, which is generally grey, with a 
shelly fracture. It slakes sluggishly, and is 
therefore better when ground in a mortar-mill 
[66]. For large engineering works the mortar 
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is usually delivered in the lump and ground 
with the sand, or often with broken brick. For 
builders' use the lime is generally delivered ready 
ground It is the only Kind of lime that should 
be used for lime concrete, but Portland cement 
is now so cheap that cement concrete should 
always be used. . . 

Selenitic Lime. Selenitic lime, or selenitic 
cement , was introduced by General Scott, 
and is hence also called Scott's cement. It 
is made from a hydraulic lime, such as blue 
lias, by adding 5 to 1\ per cent, of sulphate of 
lime in the form of plaster-of-Paris or other 
sulphate, or even sulphuric acid, and mixing 
and grinding them together finely. The slaking 
is reduced or arrested, the setting expedited, 
and the strength increased, or a larger pro- 
portion of sand may 1** used if no increase of 
strength be desired. It is used chiefly for 
mortar, but also for plastering and concrete. 

Cements. Roman cement is a natural 
cement formed by the calcination of nodules 
found in the London clay at the Isle of Sheppey, 
Harwich, etc. It is a rich brown colour, very 
like the pozzolano or trass which it supplanted. 
It sets very rapidly, and is therefore useful for 
tide work in repairing dock and sea walls. It is 
used neat, and even then has little strength, 
the maximum being attained in about one month. 
It was formerly used in setting coppers, as it 
stands fire better than Portland cement. It 
has, however, practically gone out of use. 

Portland Cement. This is an artificial 
cement of a grey colour, formed by mixing and 
calcining chalk and clay, or limestone and clay ; 
the former being mixed by the wet process, 
and the latter by the dry process. In this 
country the hulk of the cement is manufactured 
by tliewet process on the banks of the Thames 
and Medway. The proportion of the ingredients 
depends upon the pureness of the chalk ; if it 
contains clay less having to be added. For 
example, 80 per cent, of grey chalk is mixed 
with 20 per cent of (;lay, but with upper chalk, 
which is purer, the proportions may bo 66 per 
cent, of chalk to 33 per cent, of clay. The 
ingredionts are mixed in water to the con- 
sistence of thick cream, called “ slurry,” and 
the fine particles in suspension are allowed to 
settle in tanks, or backs, for some weeks. The 
clear water is run off by weirs and sluices, and 
when the slip is sufficiently solid it is dug out 
and removed in barrows to the drying floor, 
and subsequently loaded into the kiln. Inter- 
mittent kilns were formerly used, the slurry and 
coke fuel being packed in alternate layers. Now 
continuous rotary kilns, gas fired, are being 
used. The calcined cement is afterwards ground 
to a fine powder, so fine, in fact, that a residue 
of only 12 per cent, is left on sifting it through 
a sieve of 10,000 holes per square inch. 

Plaster Cements. Plaster cements is a 
general term applied to those cements used in 
plastering which depend principally upon plaster- 
of -Paris as their chief ingredient. 

Plaster-of-Paris. This is produced by the 
gentle calcination of gypsum, which is a brownish, 
semi-transparent, crystalline, hydrated sulphate 
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of lime, found in the ol&ys round London and 
Paris. It consists of lime, 26$ parts : sul- 
phuric acid, 37$ parts ; water, 17 parts ; and 
when calcined the water of crystallisation is 
driven off, making it anhydrous. It sets rapidly 
by the absorption of water, whioh makes it 
again a hydrate, and expands slightly in setting. 
Being soluble, it is not suitable for outdoor work. 

Keene's Cement. This is made by recalcin- 
ing plaster- of -Paris after soaking it in a saturated 
solution of alum. It sets quiokly and hard, 
and is used for screeds on external angles of inside 
wall plastering, skirtings, dados, and other parts 
liable to rough usage. It is not suited for out- 
side work, as it will not withstand the weather. 
It is made in two qualities, coarse and super- 
fine, and is usually of a pinkish colour. 

Parian Cement. This, sometimes called 
Keating's cement, is produced by mixing calcined 
and powdered gypsum (plaster-of-Paris) with a 
strong solution of borax, and afterwards recal- 
cining, and grinding. It is said to be mixed with 
a solution of alum after this, but there is some 
doubt on the point. It sets very hard, but does 
not give such sharp angles as Keene’s or Martin’s 
cement, although it is preferred to these for 
large surfaces, as it works more freely. It is not 
suited for external work owing to its solubility. 

Martin’s Cement. This cement is made 
in a similar manner to Parian, but carbonate 
of potash is used instead of borax. 

Stucco. Stucco is the common term for 
all kinds of plastering to be finished with a coat 
of paint. It is also used for external rendering 
in cement to imitate stone. The composition 
of common stucco is one part of hydraulic lime 
or cement to three parts of sand. Bastard 
stucco has a small proportion of hair, two-thirds 
fine stuff to one-third fine sand, and is chiefly 
used for surfaces to be painted. TroiveUed 
stucco for interior work has a small proportion of 
plaster-of-Paris. Rough stucco has larger sand 
or small gravel mixed with it. Rough cast is the 
final coat of plaster or rendering to external 
walls, much used in half-timbered work and on 
the basement walls of Queen Anne work. The 
first and second coats of coarse stuff (one lime, 
three sand) are evenly applied, and, when set, the 
rough cast is thrown on, consisting of sand, 
washed and screened gravel or grit, mixed 
with hot lime to a semi-fluid condition. It may 
be coloured immediately with lime and ochre, or 
left in its natural condition. From its mode of 
application it is sometimes known as gravel-dash . 

Plastering. The first coat of plaster on 
laths is called the pricking-up coat, and is 
made of coarse stuff, which is a rough mortar 
containing 1 or 1$ parts of sand to 1 part of 
slaked lime by measure, thoroughly mixed, with 
1 lb. of sound long ox-hair to 2 or 3 cubic ft. 
of stuff. After this coat is put on it is, while still 
soft, scored or scratched all over to form a key 
for the next coat. When this is quite firm, but 
not too dry, the second, or floating coat, consisting 
of either a repetition of the coarse stuff, or 
of fine stuff with a little hair, is applied. Fine 
stuff is pure lime slaked with a small quantity 



of water, afterwards diluted with more water, 
and allowed to settle. The water is then run off, 
and that in the mass allowed to evaporate until 
the stuff is thick enough for use. Before the 
floating coat is too dry, it is swept over with a 
birch broom, and when quite dry the third, or 
adding coat , is applied, consisting of two-thirds 
fine stuff and one-third very fine clean sand, 
with or without hair. Rendering is the applica- 
tion of plaster or cement mortar to brickwork. 

Scagliola. Scagliola is a mixture of 
plaster-of-Paris with various colouring matters, 
dissolved in glue or isinglass, to imitate marble, 
and applied to flat surfaces or to columns. It 
has a wooden backing covered with coarse 
Keene’s cement, the surface of which is scored 
in irregular or diagonal lines. To this the 
second coat is added, and is coloured when 
moist to represent the marble. When dry it 
is rubbed over with a hard stone, and afterwards 
treated with liquid Keene’s cement to fill up 
the pores, and is again polished. The final 
gloss is obtained by a rag and linseed-oil. 

Putty. Plasterers' putty consists of pure 
lim? mixed with water, slaked to a creamy 
consistency and run through a hair sieve. It is 
then left in a putty -bin until it attains the proper 
consistency for use. 

Gauged Stuff. This, also called putty-and - 
plaster , is made of three to four-fifths plasterers’ 
putty and the remainder plaster-of-Paris. It 
must be mixed in small quantities as the plaster- 
of-Paris causes it to set quickly. 

Masons* Putty. Masons’ Putty is very 
similar to plasterers’ putty, but has white marble 
dust mixed with it. Another variety is made 
by mixing lime, white-lead and silver sand. 

Glaziers* Putty. This is made of whiting 
finely powdered and mixed with raw linseed-oil 
to a stiff paste and left for 12 hours, then kneaded 
up into small tenacious lumps. For outside 
work it has sometimes a little white-lead or 
turps, or boiled linseed-oil, to cause it to set 
harder. Whiting is pure white chalk ground and 
made up into lumps with water. When putty 
has got stale and hard it may be worked up again 
by beating it for some time with a mallet and 
kneading it with the hands. 

Mortar. Good building mortar is com- 
posed of 1 part of freshly ground stone-lime 
to 2 or 2\ parts of clean, sharp pit sand. For 
ordinary work it is mixed by hand on a wooden 
platform. The lime having been first measured 
out, enough water is added to slake it, then 
covered with the sand, and when thoroughly 
slaked the whole is incorporated by turning 
over several times. If large quantities are 
required the mixing should be done in a mortar- 
mill [ 66 ], The mortar should be ned as 
stiff as possible, the bricks wetted before laying, 
and the joints well filled. 

Cement Mortar. This consists of 1 part of 
Portland cement to 3 parts of clean sharp sand. 
The materials should first be mixed drv on a 
wooden platform, and then wetted through a rose 
while being turned over. It should be used 
within an hour of mixing and before it has begun 
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to set, and in building briokwork the joints 
should be raked out as the work proceeds. 

Mill Mortar. Mill mortar consists of 
plaster, old bricks, and builders’ rubbish, with 
a dash of lime, ground together in a mortar-mill, 
and used by speculative builders. 

Concrete. Lime concrete is composed of 
ground stone-lime or grey lime and baUast, say 

1 to 6, but there is no purpose for which 
this material should now be used. Even the 
best has little strength, and it will not set in a 
damp foundation. If lime concrete must be 
used, it should be lias lime concrete, consisting 
of, say, 1 part lime to 6 of ballast, but Portland 
cement is now obtained so cheaply, and is so 
greatly superior to lime in the manufacture of 
concrete, that it alone should be used. 

Portland Cement Concrete. This has 
finely ground and properly air-slaked Portland 
cement as a matrix, and is mixed with sand 
and larger material as the aggregate. The 
aggregate should bo so proportioned and varied 
in size that when the mixture is properly made 
all the interstices are practically filled, and a 
solid mass results, each particle of the aggregate 
being enveloped in a coating of cement. For 
foundations the proportion may be 1 cement, 

2 sand, and 6 larger aggregate, varying from 
\ in. to li in. diameter, consisting of any hard 
material ; for large contracts a concrete mixer 
[67] is found economical. For fire-resisting 
floors great care must be taken in selecting the 
materials and mixing the concrete. A specifica- 
tion clause would be as follows. “ The concrete is 
to be composed of one part by measure of Port- 
land cement as described, to one part of clean 
sharp, coarse sand, and four parts of coke breeze, 
pumicestone, hard brick, clinker or slag, free from 
dust, broken in various sizes to pass a 1 in. ring 
as a maximum. The materials to be carefully 
mixed dry on a wood floor, not more than £ cubic 
yard at one time, and again turned over twice 
while being watered through a rose.” All con- 
crete must be used within one hour of mixing, 
and not disturbed afterwards. Flint gravel or 
broken limestone is not to be used under any 
circumstances for fireproof work. 

Ferro -concrete. Ferro-concrete consists 
of Portland cement concrete and steel rods 
used in combination, so that the concrete 
takes the compression, or thrust, and the steel 
takes the tension, the amount of each material 
being inversely proportional to its resistance. 
It is now used for all varieties of building, and 
is very economical, but it is essential that the 
concrete should be made by skilled men under 
rigid supervision. The cement forms a natural 
protection to the steel, preventing oxidation, so 
that it is expected to be very durable, but the 
system has not been long enough in use to enable 
any actual estimate of durability to be formed. 

Reinforced Concrete. Used as a raft 
in foundations, this may consist of not less 
than one-tenth per cent, of steel rods in both 
directions, laid through the middle of the depth 
and previously painted with cement wash. 

Continued 
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tail surface of the coin will be uppermost as 
frequent ly as the head surface ; and we say that 
in a given throw it is a chance whether the head 
or the tail will be uppermost. If wo knew all 
the conditions which govern the movements of 
the penny we could predict of any particular 
throw which surface would be uppermost, and it 
would be no longer a matter of chance. But our 
ignorance of these conditions does not make the 
throw of the coin anything else than what it is, 
and our statement that it is governed by the 
laws of chance does not make the conditions 
which govern it any different from those laws 
which control other falling bodies, such as 
planets, the movements of which we can accu- 
rately predict. The laws of chance, therefore, are 
the Bame as other natural laws, but they are 
acting under conditions of which we know littlo 
or nothing. The student, therefore, must not 
be misled by the expression ‘laws of chance,’ 
and believe that they aro laws independent of, 
or different from, other laws ; they are natural 
laws acting under conditions of the nature of 
which we are ignorant.” (Mudge.) 

Environment and the Germ-cell. 
We may term such variations fortuitous, or 
spontaneous, or what we will, remembering all 
the time that in so doing wo simply deny that 
their origin is known at present, at the same 
timo believing that their origin is governed by 
some conditions which the futuro may reveal. 

At present the facts of variation seem to bo ex- 
ceedingly disconnected, and no man oan say with 
certainty exactly whither they will lead us. All 
we can do under such circumstances is to note 
the indications as far as we can observe them. 

Looking for some theoretical explanations for 
the cause of variation in offspring, the thought 
naturally occurs that it may be possible that the 
surroundings or environment of the individual 
may so affect the whole body that somo influence 
is exerted upon the germ-cells contained in that 
body. Though the gerin-oells are in no. real 
sense produced by the parent (in higher animals), 
still their vitality depends upon that of the 
parent being maintained until they themselves 
become fertilised and started upon their inde- 
pendent career. For a large number of years, 
perhaps forty or fifty, they are lodged within 
the parent organism, for care and protection, 
and for nourishment, and it is no wild suggestion 
that the condition of the body of the parent 
must exert some influence upon the germ-cell 
within. The effect of this may possibly be seen 
in the production of variations in the offspring. 

How does Variation come about ? 
This is by no means the same thing as saying 
that the environment must produce the sam? 
effect in the offspring as it did upon the parent. 
That would be an entirely different matter. It 
does not follow, for example, that an alcoholic 
environment of the parent which caused in him 
the production of a drunkard will necessarily 
cause the offspring to exhibit a variation in the 
direction of drunkenness. But it seems almost 
impossible that the germ-cell can escape being 
affected in some way by the abnormal nutrition 
supplied to it by an alcoholic parent. It may 


well be that the result of such an environment 
may be to cause the germ-cell to vary in some 
way from what it would have been had the 
parental environment been otherwise. 

The variation may be in the direction of 
insanity or other condition. We know relatively 
littlo regarding the nature and extent of variation 
which may bo produced by environmental influ- 
ences of this kind, but it is difficult to escape 
the conclusion that there must be some pro- 
portion of variations which are to be accounted 
for by the environment of the parent. Wc shall 
have to say something concerning the objections 
to this view of the causation of variations when 
wo consider the problem of heredity. At present 
W& r simply note environment of the parent as 
one possible explanation. 

Causes Within the Germ-cell. It is 
perfectly plain that if the parental environment 
is not the cause of variation in offspring, the 
cause must lie within the germ-cells themselves. 
Now it is perfectly certain that the parental 
environment is not responsible for all the varia- 
tions which occur. It is oven disputed whether 
it oan account for any of them. Nothing is 
easier to prove than that all variations cannot 
be attributed to environment [see Heredity 
later]. Some, at least, arise from causes which 
act from within the germ -plasm, tho laws of 
which we do not know at present, and for this 
reason we term these variations fipontaneous. 
Spontaneous variations in this connection may 
bo taken to mean all variations which arise 
independently of any directly immediate action 
of the environment. “ For example, the germ- 
cells from which a litter of puppies, kittens, or 
pigs arise are all exposed to practically tho 
same environmental influences, yet the germ- 
plasms contained in them often differ immensely 
in hereditary tendencies, as is proved by the 
great range of variations which may occur 
among the different members of the same 
litter.” (Reid.) 

Sex and Variation. If parental environ- 
ment were a potent cause of variation, then 
we should expect all the members of the 
same litter to vary in the same direction, which 
they do not. Some of the variations — indeed, 
some biologists think all, or nearly all — 
obviously arise independently of the environ- 
ment — that is to say, from causes which act 
from the side of the germ-coil, from within. 
The differences lie in the germ-cells themselves. 
We have no option but to believe that some 
variations are thus spontaneous; the question 
to be determined is whether any can be traced 
to environment. It may be that the processes 
which are concerned with the maturation and 
fertilisation of the germ-cells are responsible for 
some variations, by inducing new molecular 
arrangements of the germ-plasm which is the 
basis of inheritance [see Physiology]. 

It has also been held that the mixing of two 
more or less dissimilar masses of germ -plasm, 
such as occurs in the sexual reproductive pro- 
cesses, is a cause of spontaneous variation in 
offspring. Professor Weismann, the great bio- 
logist of Freiburg, and his followers at one time 
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attributed to this cause all vanabilitv, except 
that in the lowest organisms. On the other hand. 
Dr. Karl Pearson, Professor of Applied Mathe- 
matics, in University College, London, who has 

given groat attention to the mathematical study 

of variation, denies the influence of this factor 
altogether. “Variability is not a product ot 
bi-parental inheritance. . . . Whatever be the 
physiological function of sex in evolution , it is 
not the production of greater variability. 

Parent and Child* The probability is 
that the truth lies between these two opposing 
views and that some variations are the result of 
sexual reproduction, which, however, cannot 
j j njj +he sole cause of variability. 

In what is known <*» parents 

where the character. production 

appear to unite Boas . “ intermediate between 
of offspring more or less jnteim 
the two, we see a variation obuoubly au 
sexual reproduction. For example , the child 
of a white man and a block woman as a rule 
is intermediate in colour and other characters 
between the two parents. Some variations , 
then, may be ascribed to this factor, but not 
all. Variations are not restricted to the off- 
spring produced by sexual means ; they occur 
also in asexual reproduction in abundance, so 


or from some lower species of animal. The 
exact belief matters not. In any oase there 
is admitted or implied a belief in organic evolu- 
tion, because at the present day mankind is 
found to differ vastly in his different races— 
some nations being big, others small ; some 
white, others black or red or yellow ; some 
having straight hair, others having hair short 
and woolly ; each being adapted to special 
surroundings. It is not possible for a sane 
human being to doubt the existence of organic 
evolution. “ In particular, it is not possible 
for the orthodox Christian, who derives the 
human race from Adam and Eve, to doubt it. 
Such a one must admit also that evolution may 
be very rapid, since, according to him, six or 
seven ‘thousand years only have sufficed to 
produce types so widely divergent as the 
Scandinavian and the African pigmy.” (Reid.) 

" The whole problem of organic evolution is the 
answer to tho question— By what methods 
have these changes come about ? Three views 

at least require mention. 

Evolution by Miracle : The Bathmic 
Theory . We need not devote much space to 
this view, which supposes organic evolution 
to occur under tho direction of a Deity 
who works by over-recurring miracles. Very 


that there is good reason for believing that 
some at least of the variations in higher animals 
which reproduce sexually are due to causes 
other than the sexual method of reproduction. 
It will probably be found that the variations 
duo to sexual reproduction are not fortuitous, 
but in very definite directions, and that if we 
knew all tho characters which made up the 
parents we could predict with some approach 
to certainty the kind and amount of variation 
which could bo attributed to tho union of their 
reproductive cells. 

To sum up, then, the causes of variation are 
by no means yet fully understood. The fact 
itself is seen to be universal in living organisms, 
and is the basis of all organio evolution. This 
organic evolution is also a recognised fact ; the 
methods by which it is brought about are to a 
large extent matters of dispute and opinion. 

We are now in a position to turn our atten- 
tion to the views which have been advanced 
upon these methods of organic evolution, and 
to endeavour to take a dispassionate survey of 
the evidence for and against the different 
theories. Our view of life itself depends upon 
the conclusion we reach. 

Theories of Organic Evolution. We 
have already stated that organic evolution 
has been accepted as a fact by all races and 
creeds, and that only the methods are in dispute. 
At first sight this may appear a strange state- 
ment, but a moment’s consideration will con- 
vince that it is true. It is still denied by some 
that all the species of plants and animals 
sprang from one common origin. But all men, 
even the savage races, have some kind of 
l»elief in the origin of mankind from a common 
stock. They may believe that in the far 
distant past man arose from their heathen gods . 
Others derive mankind from Adam and E^e 


few educated persons now hold it. It is not 
a question whether an all-powerful Creator 
could bring about Organic evolution in this way 
or not ; it is a question of whether this has been 
the method adopted. 

There is, it seems to us. a far grander faith than 
that in evolution by miracle, using the word 
miracle in the sense of tho supernatural. It 
is surely better to search for an explanation of 
natural phenomena in natural laws (God’s laws) 
than in exceptions to those laws, which miracles 
are. “ Only when a natural explanation has 
l>een proved to be impossible have we an excuse 
for a direct appeal to the supernatural.” (Reid. ) 

44 Of course the theory of Bathmic evolution 
may be enunciated in vague terms. God and 
miracle need not be mentioned. We may be 
told that species undergo evolution, and so 
adapt themselves to the changing conditions of 
existence, not by the action of natural selection, 
nor by the transmission of requirements, but 
simply through the operation of an inherent 
adaptive 4 growth force.’ Nevertheless, the 
appeal to miracle is still necessary. No doubt 
the universal existence of variations demonstrates 
the existence of a growth, or, rather, change 
force. But the difficulty w r hich has to be sur- 
mounted by the Bathmic evolutionist arises, 
not from existence of specific or racial change, 
but from the fact that this change — t.e., evolu- 
tion — has led, since the beginning of life, to the 
close adaptation of every race of animals and 
plants to its own successive environments. 
Either the environment has acted on species, 
which have reacted to it, or their adaptive 
changes were miraculous. There is no third 
alternative. * * ( Reid. ) 

We see around us species which under our 
ow f n eyes are changing in response to sur- 
roundings, and we have absolutely no reason 
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to think that the operations of Nature in the 
past were different in principle from what 
they are at present. We see species and varieties 
connected with each other by subtle links 
suggesting a common origin. The idea of the 
special creation of all these connecting links 
is unthinkable in view of the facts of life. Why 
all the connections, if every species were created 
as such ? “ Why are animals that live a 

wholly terrestrial life possessed of organs of 
respiration and associated structures of a 
purely aquatic nature ? Why is it that man, 
in the course of his embryologieal stages, passes 
through conditions that characterise stages and 
permanent and finished structures of the lower 
vertebrata ? These arc difficult questions, very 
hard to answer, and cannot to-day be answered 
with certainty or finality. But this much is 
certain — the hypothesis of special creation docs 
not answer them.” (Mudge.) 

The Bathmic theory may therefore be dis- 
missed, and we must turn our attention elsewhere 
for a more reasonable explanation of the facts. 

Evolution by Transmission : The 
Lamarckian Theory. Ever since the time 
of Aristotle naturalists have been searching for 
some explanation of organic evolution other 
than the paralysing dogma already considered. 
Foremost amongst those in order of time must 
be placed the eminent French zoologist 
Lamarck, who, in the year 1801, gave utterance 
to the view that all existing species have 
descended from pre-existing species. Ho did 
not stop there, but also enunciated a theory 
which attempted to explain how this had come 
about. It was not until Charles Darwin and 
Alfred Kussel Wallace propounded their views, 
however, that Lamarck’s theory attracted general 
attention. The two views are contradictor}', 
and hence the one attracted attention to the 
other. Buffon, another French naturalist, 
also gave support to the view of Lamarck, 
and, indeed, Darwin himself attached some 
importance to some of Lamarck’s arguments. 

The theory of Lamarck hinges upon the ques- 
tion of the inheritance of acquired characters. 
According to him, the origin of species results 
from the acquired characters of the parents 
being capable of transmission to the offspring. 
His theory also involves the view that the 
environment of an animal can directly bring 
about acquired characters, which are trans- 
missible. It asserts that living creatures are, 
to a great extent, modified by the kind of life 
they lead, that these modifications are handed 
on to their offspring by heredity, and that the 
modifications accumulate and become perfected 
in succeeding generations. Nature is supposed 
to mould creatures to their surroundings. 

Heredity in Evolution. The theory has 
been admirably summarised by Dr. Archdall 
Reid in “The Principles of Heredity,” from 
which we may quote tnis passage : 

“ If we believe with Lamarck that acquire- 
ments are transmissible, we find ourselves 
committed at once to a theory of evolution. 
In the face of common experience, we need not 
l>elieve that acquirements tend to be trans- 


mitted in their entirety — that a dog which has 
lost its tail tends to hive tailless puppies, or that 
a man who has attained great mental acquire- 
ments tends to have children endowed at birth 
with all that he achieved with pain and toil. 
But we are committed to the doctrine that the 
dog’s loss and the man’s gain will bo inherited 
to some extent, however slight, and that, if 
many successive generations of dog* and men 
make similar acquirements, the race of dogs 
will ultimately become tailless, and that of 
men highly endowed mentally. In brief, the 
Lamarckian supposes that the effects of every- 
thing that benefits or injures the? individual, 
including the effects of all use and disuse, are, 
to some extent, transmitted to offspring, and 
that evolution or degeneration results from the 
accumulation of these transmitted effects 
during generations. It supposes, for example, 
that . . . the descendant of many genera- 

tions of blacksmiths will be stronger physically, 
but weaker mentally, than the descendants of 
many generations of students. It supposes that 
the conditions which produce health and strength 
in a succession of parents — absence of disease 
agencies, sufficient exercise, abundance of suitable 
food and fresh air, the right degree of moisture 
and temperature, and so forth — w r ill ultimately 
render the race strong, hardy, and vigorous, 
whereas contrary conditions will render it feeble.” 

Limits of the Lamarckian Theory. 
“ It is necessary to note a few additional 
points: (a) Just as the doctrine of the trans 
mission of acquirements is not adequate to 
explain all the faets of heredity, so, also, it is 
not adequate to explain all the facts of evolution ; 
for example, while it is perhaps competent to 
explain man’s intellectual powers or the 
antelope’s speed, it cannot explain why man 
has long hair on his face, which is lacking in 
woman, or why the colours of one species of 
antelope differ from those of another. Neither 
man nor antelopes make acquirements with 
respect to hair or colour, except such as lead 
to the loss of them. It cannot explain the 
differences in the integuments of the different 
species of fish. It can hardly explain a single- 
fact in the whole world of plants. In fact, 
however simple and fascinating the Lamarckian 
doctrine may appear at first sight, however 
well it may seem to explain certain phenomena, 
it is quite insufficient to explain the totality of 
phenomena. It may possibly be accepted as a 
partial explanation of evolution ; it cannot be 
accepted as a complete explanation. (6) Again, 
it must be noted that the Lamarckian hypo- 
thesis . . . supposes that all beneficial 

agencies which act on a species are causes of 
evolution, whereas all injurious agencies are 
causes of degeneration. In this, as we shall 
see presently, it is in violent and fundamental 
opposition to the Darwinian view.” 

The above summary from a work which should 
be carefully studied by all students of organic 
evolution will serve to make clear the theory 
of Lamarck. It will be still more appreciated 
when we have considered Darwin’s view. 

Continued 


*653 



Group 9 

DRESS 


Continued froui 
PNTe 827 


THE MAKING OF A SKIRT 

Dart,. Fastenings. The Pocket The Waistband Finishing 
a Skirt. How to Evolve Fashionable Skirts from Simple Drafting 


By AZELINE LEWIS 


The Darta. Before stitching up the darts, 
it is well to put on the skirt, to see that they 
are in their right position, and set well at the 
waist. If correct, tack them from the top to 
a h o u t # £ in. 
down, graduat- 
ing them off to 
a nice point, so 
as to avoid any 
bulging out at 
the bottom. To 
do this, when the 
darts are ma- 
chined, cut off 
the threads, 
leaving fairly 
long ends; 
thread one of 

these, and fasten off the tip of the 
dart with two or three stitches of 
oversewing. Now out down the 
centre, press open, and fell the 
lining over. 

Preparation for Placket. 

For the front side gore fold a piece 
of tailors’ linen 1 in. wide, place the 
fold on the white cot ton outline of 
the placket, holding the linen 
rather tightly, and slightly easing 
the bias side 
to this. Turn 
down and tack. 

When this is done 
the edge should 
be in a direct lino 
with the seam ; 
then machine £ in. 
from the edge. 

Catch the raw 
edge down to the 
lining, being care- 
ful not to take 
the s t i t c h e s 
through. Press 
before putting on 
the fastenings. 

[59.4] 

Another way of 
preparing the 
left side of front, 
for the fastenings 
is shown at B in 
the same diagram. In this the fold of lining is placed 
to the outline of material, the edge of which is 
then folded over it, tacked and stitched, and 
the fastenings sewn on. The lining edge is then 
turned in and felled over them. This method 
is sometimes advisable in the case of fairly 
654 


thick materials, and in this case the binding is 
not necessary ; but great care should be taken 
not to stretch the crossway edge. 

For the side gore, take a strip of tailors’ 
linen, 2£ in. 
wide, and tack 
between the 
lining and ma- 
terial. Place one 
edge of the linen 
to the edge of 
the wrap, and 
the other about 
| in. beyond 
placket outline ; 
tack with white 
cotton along the 
outline of the 
placket, taking the stitches right 
through the linen and material, 
this last being a guide for putting 
on the fastenings. If the edges are 
selvedges, they can simply be 
stitched without turning in ; if 
raw edges, turn in, tack, and then 
fell down the long edge and the 
bottom of the wrap. Take out 
the tackings and well press. [59C] 
The Fastenings. The fasten- 
ings employed 
may be socket or 
spring fasteners, 
hooks and bars, 
hooks and loops, 
either small spring 
ones or the ordi- 
nary kind. Most 
people prefer the 
small spring hooks 
and silk loops, as 
being neater and 
more invisiblo 
than either of the 
others. 

The socket, or 
spring, fasteners 
are of two kinds 
— the one placed 
on a narrow band 
of webbing, the 
other being loose 
and sewn on 
singly. The former are recommended, as they 
are simply felled on the opening of the wrap, 
care being token that the fasteners are opposite 
each other. If hooks and bars are used, the 
long edge of the bar is sewn on the placket 
outline of the wrap, the eyes of the bar 
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being placed towards 
the edge and button- 
holed with silk, to 
make neat. [60] The 
hooks are sewn on 
the bias side, J in. in 
from the edge, and 
should be faced with 
galoon or Prussian 
binding. [59 and 60] 
If loops be preferred, 
they should be small, 
strong ones of silk 
twist. 

The Pocket. 

The shape of the 
pocket is shown in 
diagram 49 [see page 
525]. Two selvedges 
of material and two 
of lining are required 
for the opening side, 
to avoid raw edge , 
and also to neaten 
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and strengthen the pocket. To draft it, mark 

1 to 2, 2 in. down from the waist ; 2 to 3 — 
the opening, or mouth of pocket— is 6 in. ; 
3 to 4 — depth of pocket — 6 in. ; 4 to 5, 7 in. ; 
the line 3, 6 in., or more if required; 1 to 7, 
2£ in. Curve from 7 to within 1 in. of bottom 
(i.e., 5), and curve off from hero to line 4. 

Outline the opening on both sides with white 
cotton as a guide to putting in. If placed at a 
gore, or where the opening is likely to show, this 
will need to be faced with a strip of the material 

2 in. wide, selvedges being placed to those of 
opening. 

To make the pocket, lay the two right sides 
together, tack the edges, and stitch. Turn 
inside out, and again tack and stitch all round. 
Mark 2 in. from the waist ; chalk 6 in. down 

for the pocket opening. 

Now cut the required 
opening in the wrap, insert 
the pocket, stitch in place, 
and press well. 

Putting on the Waist- 
band. The skirt should 
be put into the waistband 
t>efore turning up the hem. 

In the case of a circular 
skirt, it is best to finish 
this off entirely at the 
band and upper part, 
and then let it hang on a 
stand for a day or two, if 
possible, before turning up 
the foot part. The reason 
for this is that a circular 
skirt, being cut mostly on 
the cross, is apt to “ sag,” 
or drop a good deal, espe- 
cially at the sides ; and 
if it is left to its own 
reflections on a stand, it 
will probably decide to 
do most of its sagging 
there and then, and so a 



64 . A TWO-PIECE SKIRT 


good deal of the after unevenness may be 
avoided. 

For putting on the band, straight or curved 
double webbing, single petersham, or satin- 
faced bolting may be UHcd. There is much to 
bo said in favour of the curved double web- 
bing, as it follows the contour of the waist 
more correctly than the straight ; but it must 
be interlinod with linen to give firmness and 
to take the strain of the hooks and eyes or 
bars. 

Cut the webbing 3 in. longer than the actual 
waist measure, turn in J in. on the right side ; 
run a white cotton at the size of the waist, 
which will leave in. for the wrap and 
for turning in at the other end. Mark the 
webbing into equal parts, quarter of half- 

waist measure in each — 

ie., 3 in. for 24 in. waist ; 
pin the white cotton on 
the webbing to come in 
a direct line with the out- 
line thread of the wrap, 
then pin the other 
measurements, one at 
each seam, and also on 
the darts ; tack and 
stitch. 

The first bar, or eye, iH 
sewn on the part marked 
F [50] at top of wrap, the 
corresponding hook being 
sewn £ in. from C [49]. Care 
must be taken that the 
hooks and eyes are ex- 
actly in the right places. 
Another bar or eye is 
sewn at the extreme 
end of the placket wrap. 
For the second hook 
chalk 2 in. away from 
the first hook, and the 
bill of the seoond must 
be exactly on this chalk 
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mark. Tnc hooks and bars should be button- 
holed over with silk to be neat. When 
single webbing is used, 
the turnings must be 
neatencd with galoon or 
Prussian binding. 

To put on the 
Hangers. Take 4 in. of 
Prussian binding for each 
“ hanger,” or loop, turn in 
the ends J in., oversew the 
edges together, and sew one 
on each half of the band- 
inside. of course — stitching 
them on at the extreme end, 
and again \ in. away. [61] 

The Bottom of the 
SKirt. When the waist part is finished, 
turn up the bottom of the skirt to the white 
cotton on the lining, and catch loosely to 
this, being careful not to take the stitches 
through. Remove the bastings round the 
bottom only and press. 

For the interlining or stiffening, about 
1 yd. of very tine French canvas will be 
required. Lay the paper patterns of facing 
on the canvas to the best advantage, and 
out without turnings top and bottom, but 
leave > f in. at each end for joining together. 
Trace the centre line on 
both canvas and lining, 
and number each piece 
of v nvns the same as 
the pattern. 

The facing mult ' be cut 
with 1 timings nil round, 
the fold bring placed to 
the fold of the lining , 
the edge of side and 
hack -gore portions being 
placed to the selvedge 
of the lining. 

Now join the facing, 
open and press the 
seams. 'Pack the pieces 
of canvas together quite 
flat — i <?., place the J in. 
turnings to overlap each 
other, to prevent a 
lumpy seam. Tack facing 
to canvas along the 
centre, then turn down 
the edges top and 
bottom, keeping the fac- 
ing quite smooth, end 
tack along. Now ma- 
chine top and bottom 
with a loose stitch \ in. 
from the edge. [62] 

The Binding. The 
protection for the skirt 
edg 3 will now be put 
on, which may be braid, 
brush binding, or one of 
the many varieties sold 
for the purpose. We have 
found brush binding by far the most satisfac- 
tory in wear, and also very easy to put on. 
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65. ARRANGEMENT OF STRIPED MATERIAL 


67. CUTTING OUT FLOUNCED SKIRT 


If braid be uwd, let thia be a good make *, 
& cheap one wears oat almost directly. Before 
patting it on, soak it i n 
cold water, and then hang 
out on a line to dry, with, 
out wringing it at all. 

When ready, tack the edges 

of the braid together, and 
fell on the skirts allowing 
the fold to come J in. be- 
low the edge. Then tack 
the facing in position over 
the edge of the braid, 
placing the fold on the fold 
of front ; pin in position on 
side gores, also midway be- 
tween, then baste on the 
table top and bottom. If 
a deeper facing be re- 
quired, it should be 
tacked three times. Fell 
the facing to the lining 
with a fine needle and 
cotton, then take out the 
tackingB and press, 
placing a piece of lining 
on the facing to prevent 
marking, but on no ac- 
count use water. [63J 
Unlined Skirts. 
When pleated or full 
skirts are the mode, they 
are not always lined 
t throughout. In this case, 
however, the fronts 
should be lined , to pre- 
vent the ugly bulging or 
stretching out at the 
knee-part, which results 
when' there is no lining 
to take the strain here. 
This latter is a method 
indulged in by many 
good tailors and dress- 
makers. An u n 1 i n e d 
skirt is faced up at the 
bottom with lining cut 
to shape, arranged as 
already described, but 
without the canvas in- 
terlining. 

In the case of thin 
materials, the founda- 
tion would be made sepa- 
rately, and secured or 
not to the waist, as pre- 
ferred. 

Fashion in SKirta. 

Fashion changes so fre- 
quently with regard to 
the cut of skirts that 
we cannot attempt to 
describe the many 
varieties introduced so 
frequently to our notice. 
Sometimes the sheath- 



like style may be the mode, at others the skirt 
may be required to fall in voluminous folds 


from the waist to the feet. The width, too, may hem, and the remainder is for the heading, 
vary from 3$ yards at .the foot part (a good This flounce is cut on the straight, as this will 


average for a walking skirt) to 5 and 6 yards, 
and even more. We hope, however, that the 
reader will have grasped from the foregoing 
examples how easy it is to add fulness at the 
back for an inverted pleat, and a 
flare to the sides of the gores of three c< 

or more inches ; to narrow the front f**** 

width, or to pleat this as required ; to | 
make the whole skirt wider and fuller ; j > 

in short, to cope with the many 
variations of the prevailing mode. 

So far, we have dealt with a one- 
piece or circular skirt, also a three, tAC 

five, and seven gored affair, and 
shown how to obtain these ; but L 

skirts may be cut with any numl>er r 

of gores, up to eleven, this last, how- r 

ever, being better suited to a stout 
than to a slender figure. 

The four-gored shape is a very s 

nice one for a walking skirt, and is g +" 
practically the same as the live- § + > 

gored, the difference being that the s J 

centre -back is placed to the fold, t 
instead of having a seam here. I U/ < 

With respect to the gores, it may * 
he said that, as a rule, when the 5 

number is oven — from four up- | /jJ 

wards — the centre -back and front / 
are placed to the fold. / / / / 

Some other SKirts. In a two- ///»-/ 
piece skirt there is a seam at centre- 

back and front, as seen in diagrams 

64 and 66, which shows a very smart x 

way of arranging this on striped * join 

material. For this, however, very BAC 

peat care must be paid to the match- 
ing of the stripes, and to the danger of / 

stretch ing the seams when making up. x / 

Diagram 66 introduces three more / 

skirts. The first has a deep gathered [/ 

flounce ; the second inverted pleats 
at the foot part ; whilst the centre / 

sketch shows a sun-ray skirt. 

The shape and method of cutting 
out the first are shown in the next cm 


\ \ N 
K \ \ 


not stretch or drop like a crossway affair, and, 
of course, may be of any width desired. The 
upper part is tucked at the waist instead of, 
being fitted with darts ; for each tuck about 
| in. Bhould be allowed, and this 

°°5 S amount can be easily added to the 

fr\ drafting. Pieces will have to be 

\\\k joined on to the foot part, and 6J 

\ \ \ yds- ^‘* n * mft t e rial are required. 

' ' \ The small sketch on the left shows 

\ \ X another arrangement, by gathering 
\ v \ instead of tucking, a style which may 
sic gore \ \ be recommended only to a tall, 

\ \ \ slender figure. This skirt, as 
\ \ \ well as the sun-ray one, is 
x v \ \ made up without a lining, 

\ \ ) and both are worn over a 

x separate foundation, which 

may I** secured to it at the 

waist, or not, as preferred. 

f \ An Evening Skirt. In dia- 

< gram 68 we have an addition to the 
foot part of a five -gore skirt, which 
is further cut with a slight flare. 
The seven -gore variety is also excel- 
«orf lently adapted to this style, particu- 

larly if used for the evening skirt 
a shown in the smaller sketch, where 

J S the fan -like additions to the seams 
are of net, chiffon, lace, or any such 
like goods, whilst embroidery or passe- 
menterie further decorates the seams 
and panels. This skirt, for everyday 
\ / use, may be lined or not ; but if 

/ j unlined, the front breadth is better 

' / with a lining, the foot part being 

j turned up over a crossway strip of 

I* linen, or horsehair cloth, and then 

J f faced with lining cut to shape, but 

I not interlined with canvas, before 

/ being machine stitched. 

Tv The seams are oversewn, opened 

' i and stitched on either side, the lower 

I fulness being tacked down flat in 

' the form of a box - pleat on the 

ues wrong side, then secured to the 


diagram [67]. From this it will be gg # SKIRT with pleat s sea m and neatened with binding. 


seen that our drafting can be utilised, 
the upper part being a three-piece affair, cut, 
as we have already shown, to the length required 
to allow for the flounce, the extra width being 
obtained by separating the gores further at the 
lower edge. For the tucks in the flounce, 4 in. 
are allowed — i.e ., 1 in. for each — which will 
give a 4-in. tuck. One inch is allowed for the 


care being taken to keep the sides 
straight and to see that they do not drop 
below the level of the skiit - edge. Four 
yards of 44-in. material should make this skirt 
for a medium figure, whilst 9 yards of silk 
would be needed for the evening skirt, if made 
with a slight train, which addition is easily 
made. 


Continued 
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Group 7 

CLERKSHIP & 
ACCOUNTANCY 

5 

Continued from page 401 j 


MACHINERY OF THE OFFICE 

Legal Aspect of Discount — continued. Divisions of a Business 
Office. Show-room and Counting-house. Salesmen and Clerks 


By A. J. WINDUS 


The Benefit of Prompt Payment. 

Tt comes to this, then, that not only has X 
received from 0 cheque, value £97 10a, but he 
lias also received the benefit of prompt payment, 
and we know from what haa gone before that 
he places a monetary value of £2 10s. upon such 
benefit. X, therefore, has received a total of 
£100 — namely, £97 10s. by way of cash, and 
£2 10s., being the value he attaches to the 
prompt payment of C’s debt. Having already, 
by rule (a), charged X with £97 10s. for cash 
received, wc have now to charge him, under the 
same rule, with discount £2 10s., representing 
the value of what else he received — namely, 
prompt payment. This completes our record 
of the transaction in the books of C. 

The incident we have l>een studying will also 
furnish food for thought to the student of Law. 
in our introductory chapter we made mention 
of the relations subsisting l>etween ( 'ommoree 
and the Law. and it is most interesting to trace 
their connection in a given ease. We cannot, 
in our course of study, give prominence to the 
legal aspect- of commercial transactions, but 
perhaps a few remarks inspired by the fore- 
going illustration may help to dispel the illusion 
that Law is a dry subject, and may induce 
readers to turn their attention to the section 
which treats of it. 

Two Parties in a Transaction. A 

business transaction presupposes two parties. 
When monev is deposited in a bank, the two 
parties are the dejjositor and the banker. When 
a shipowner insures his ship with an insurance 
company, the two parties are known as the 
insured — that is, the shipowner — and the under- 
writer respectively. Similarly, the two parties 
to the sale of goods for £100 are X, the' seller, 
and (\ tilt* buyer. Now, the depositor lodged 
money at the bank, the insurance company 
insured the shipowner against the loss of his 
ship, and X sold goods to C on certain con- 
ditions and for a named consideration. The 
term consideration is a legal one and rather 
difficult to define in few words. Pending our 
further investigation of it in the Law section 
[see Law], let us content ourselves with a partial 
definition and call it a direct or indirect benefit 
conferred by one of the parties to a contract 
upon the other. In the first case just now 
cited the consideration was the interest allowed 
by the banker ; in the second it was the 
premium paid by the shipowner ; and in the 
third it was the price of the goods. 

In all three cases consideration is present, 
and the terms on which the business is carried 
through are understood and assented to by the 
parties on l>oth sides. Whenever these two 
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elements, (a) consideration, (6) agreement to 
terms, are found in a transaction, there is said 
to l>e an Agreement or Contract between the 
parties. Generally, agreements are reduced to 
writing — or they may be partly written and 
partly printed — their precise form l>eing the out- 
come of the combined effect of law and custom. 

Commerce Abounds in Contracts. 

From the legal point of view, nearly all the more 
important documents met with in commerce 
may be described as contracts of one sort or 
another. Thus a bill of lading , besides serving 
as an acknowledgment of the' roceipt of goods 
on board ship, also constitutes a contract 
l>e tween shipowner and shipper for carriage of 
the goods on the terms named in the bill of 
lading. Tn like manner, an invoice — formerly 
called bill of •parcels -- frequently does duty as the 
contract between the buyer and the seller. 
All mercantile contracts are founded upon 
proposals or oilers which have l>een accepted, 
but for a fuller explanat ion of the legal doctrine 
on this point consult the section on Law. 
[See Law.] Applying the rule to X, we gather 
that his invoice for £100, dated March 31st, 
and giving short particulars of the goods sold, 
was based upon a prior offer of those goods to 
0 and C’s acceptance of such offer. In this 
way an agreement between X and C sprang 
into existence, the consideration for which was 
mutual. X was to supply certain goods and C 
was to pay £100 for them, and neither party 
could lawfully break the contract without the 
consent of the other. Suppose, however, X 
had promised to deliver the goods to C gratis, 
could C compel him to do so, the transaction 
being in all other respects the same as t>efore ? 
He could not, for the reason that X received no 
consideration for his promise, whereas English 
law requires consideration for every contract 
not under seal. 

The Legal Aspect of Discount. Let 

us now apply this reasoning to the case where, 
X having agreed with C to supply goods for 
£100, (J asked X to take £75 in full discharge, 
and X promises to do so. C thereupon sends a 
cheque for £75 to X, which X receives, and then 
sues G for £25, the balance of the original debt. 
Can he recover ? He may do so, because his 
promise to take a smaller sum in payment 
of a larger is, in the eye of the law, a new 
contract for which he nas received no con- 
sideration. The lawyers could doubtless explain 
the justice of such a decision to their own satis- 
faction. 

It is very different, however, with the £2 10s. 
discount which X has allowed C to deduct. 
Undoubtedly, there is a second contract in this 


case also, which to some extent overrides the 
first. C agreed to pay X £100, but now X 
offers, and C accepts, 2b% discount for pay- 
ment within ten days from date of invoioe. 
This constitutes a new agreement between 
them, and it is perfectly valid, because X 
receives consideration for his surrender of 
£2 10s. — namely, the benefit of prompt pay- 
ment. Here for the pres nt we take our leave 
of X. 

OFFICE AND STAFF 

Hugh Miller, the famous geologist, was em- 
ployed at one time in a bank. Concerning this 
experience, he afterwards affirmed that he 
was handicapped by his inability to trace the 
bearing of isolated details on the system of 
which they formed a part. “ I could do liter- 
ally nothing,” he wrote, “ until T had got hold 
of the system.” The useful hint here given 
may be pursued to our own advantage. Let us 
commence with a comprehensive survey of 
Bevan & Kirk’s business, and then, contracting 
our horizon by degrees, go on to examine 
with the necessary care all the matters that may 
come under our notice upon a nearer inspection. 
The firm of Bevan & Kirk is one but recently 
established. It was founded at the beginning of 
the present century for the purpose of carrying 
on the business of merchants and manufacturers’ 
agents in the ( Tty of London — the metropolis 
of the world. At a later stage, and also in the 
sections on hanking and commercial geography, 
reference will be made to the immense and 
preponderating influence which London enjoys 
in virtue of its position as the geographical, 
political, monetary, and commercial centre of the 
world, and then we shall perhaps learn what 
are the advantages which Bevan & Kirk 
may derive from the fact of being located 
in London. Meantime, we note that the firm 
conducts a shipping as well as a domestic trade. 
Their business address is 500, Wood Street, 
London, E.C. The letters “ E.C.” are an 
abbreviation for “ East Central,” showing the 
postal district of London in which Wood Street 
is situated. 

Definition of a Merchant. The term 
was formerly restricted to those engaged in 
the importing and exporting of goods on their 
own account, but the modem interpretation 
gives it a far wider meaning. In general, it 
servos to distinguish a wholesale business of 
any sort — even though retail and agency 
transactions are mixed up with it — from a purely 
retail business. Thus, a firm of colliery owners 
who sell coal by the hundredweight might 
describe themselves as coal merchants, on the 
ground that th 'y supply coal by the hundred 
thousand tons to steamship companies and 
others ; but for a small greengrocer who obtains 
his daily stock of vegetables from the Borough 
Market to call himself a potato “ merchant ” 
is a palpable misuse of the term. 

Messrs Bevan & Kirk, then, are merchants 
in a wholesale line of business, but they are 
manufacturers' agents as well. An illustration 
will best explain tne meaning of the latter term. 


OLlRKftHIP 

The Function of a Manufacturers* 
Agent. The Berlin Manufacturing Company 
(headquarters in Berlin) are engaged in the 
manufacture for export of ladies' blouses and 
costumes. Now, it is the great ambition of all 
foreign exporters of manufactured goods, 
whether French, German, or American, or what- 
ever their nationality, to find an entrance into 
the most profitable and desirable of all foreign 
markets — namely, Great Britain. The Bsrlin 
Company are, therefore, naturally anxioas to 
introduce their goods into this country, hut 
until they have thoroughly gauged the vagaries 
of British feminine taste in blouses and costumes 
they do not wish to incur the expense of a London 
office and manager, and possibly two or throe 
travellers. The Company accordingly arrange 
for Messrs. Bevan & Kirk to act as their agents 
or representatives for the sale of their goods 
in this country. The agreement drawn up 
between the parties would contain provisions 
stating the mode of securing and execut ing orders, 
how goods sold are to be paid for, the amount 
due to Bevan & Kirk for their services as 
agents, and so on, and we shall consider these 
matters in their due place. 

From what has been said we have an inkling 
of the nature of the articles of truiv dealt in by 
Bevan & Kirk, and we may now add to our 
list the following : Silks, laces, trimmings, 
ostrich feathers, boas, fans, lace handkerchiefs, 
collarettes. 

In any business such as this there are two 
main divisions or departments, known as the 
warehouse (or show-room) and the counting- 
house respect i voly. Occupying a middle position, 
and related in some sense to both departments, 
is the entering-desk. 

Show-room and Counting-house. 

Everything that has to do with the actual buying 
and selling, receipt and despatch, unpacking and 
repacking, placing in stock and taking out of 
stock of the goods themselves, is regarded as 
belonging to the show-room, or productive side 
of the business. On the other hand, everything 
that has to do with the receipt and payment of 
morey, and the bulk of the work of registering 
or recording business o perations or transactions, 
is looked upon as belonging to the counting-house, 
or unproductive side of the business. 

Salesmen and ClerKs. Here we are 
brought face to face with perhaps the most 
“ pestilent heresy ” the clerk will ever be called 
upon to do battle with in the business arena. 
Shortly stated, the doctrine is this : A salesman 
is worth his salt, a clerk is not. Let no one under- 
rate the malignant character of such false teach- 
ing. In too many instances the practical effect 
is that the clerk’s salary is grudgingly paid, and 
is far below that of his fellow-worker, the sales- 
man. Well-known business houses might be 
named in which boys who started on level terms 
as counting-house juniors 10, 12, 15 years ago 
are to-day filling positions, some as salesmen and 
others as clerks, still in the same establishments, 
but whereas the maximum scale of salaries for 
clerks is under £200 per annum, their quondam 
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companions of the counting-house are drawing 
hundreds yearly for their more valued services 
as salesmen. How to combat this undoubted 
evil must be a point reserved for future con- 
sideration; but should any reader have the 
opportunity of choosing between the position of 
salesman and that of clerk, he would be wise not 
to reject the former, except after due deliberation. 

But we must hasten on to explain the duties 
and positions of the various members of the 
staff of Bevan & Kirk, a f *er which we shall 
treat of the different books of record used both 
in the show-room and the counting-house. We 
shall then deal in a comprehensive manner with 
the firm’s system of bookkeeping, and finally 
we shall exhibit a few specimens of the business 
forms in use by the firm, such as invoice , .state- 
ment, certificate of origin , receipt for goods, receijd 
for cash, etc. Afterwards we may turn our 
attention to the import and export trade, and 
this, we trust, will lx? found not the least interest- 
ing portion of our subject. 

The staff of Bevan & Kirk is thus arranged. 
Show-room or Warehouse s 

2 town travellers, who also act as indoor 
salesmen, and attend to the execution of 
orders received. 

1 stockkeeper, whose business is to look after 
the stock, advise his principals when a 
“ line ” is running short, assist in the show- 
room when the travellers are out, anil 
otherwise qualify himself to become a 
buyer or a salesman. • 

3 girls, engaged on pattern cards and samples 
for travellers, and in labelling goods, 
packing them in cardboard boxes, and so 
forth. 

2 strong messenger boys, who do rough work 
and act as porters, and who, by assisting 
or “ understudying ” the stockkceper, may 
learn how to fill his position when a vacancy 
arises in the firm or elsewhere. 

8 

Counting-house : 

The accountant and the junior clerk. 

The cashier’s duties are performed by Mr. 
Kirk, the junior partner, who signs all 
cheques and attends to the financial side 
of the business. 

Correspondence clerk : young lady shorthand 
writer and typist. 

The staff accordingly comprises eleven em- 
ployees in all. Everyone but the accountant and 
correspondent (who receive their monthly 
salaries by cheque) is paid weekly. 

Entering-desk. The business is not of 
sufficient size to warrant the employment of 
clerks specially for the entering-desk — that is to 
say, for the work of entering in the dap-book 
and on invoice forms particulars of the orders 
executed. This work is therefore distributed 
among selected members of the staff. 

The common routine of the entering-desk in 
bigger concerns may, however, be described. 
One clerk takes the day-book, another a batch 
of invoice forms, and there is a third person 
who calls off the goods for entry. The caller 
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“ gives down” the customer’s name, address 
(but this is sometimes omitted), shipping marks 
(if any), customer’s order number, salesman’s 
number, quantities, weights, or measurements, 
with the descriptions and prices of the goods 
and any trade discounts allowed. These particu- 
lars are “ taken down ” by the invoice clerk and 
the day-book clerk simultaneously. The exten- 
sions are made as they go along. Thus, the caller 
might say, “50| yds. No. 48 trimming at Is.,” 
and this would be extended at £2 10s. 4£d. both 
in the day-book and on the invoice while he was 
preparing to give down the next line. So expert 
do the clerks become in making the extensions of 
the various items and the castings of the different 
invoices that within a very few' minutes after 
the caller has ceased calling they have finished 
their calculations. Of course, the clerks compare 
notes on the correctness of each invoice total, 
and when they agree on any total it is assumed 
that the details which go to make up that total 
arc correct. Comparison of totals is sometimes 
carried on concurrently with the other work, and 
then differences can be easily located and 
adjusted which, if left over until all the calling 
has been done, might become a source of trouble. 

A Bad School for Bookkeeping. 
Regret that this time-honoured method of 
“ entering ” is being (Superseded by the intro- 
duction of labour-saving devices, such as the 
book-typewriter, should be tempered by the 
reflection that the entering-dcsk is not a good 
school of penmanship, and that the old-style 
entering clerk rarely developed into an ideal 
bookkeeper because he was too much imbued 
with the spirit of haste to do his work with that 
neatness and entire absence of erasures on which 
the skilful bookkeeper prides himself. 

A frequent substitute for the entering-desk 
is found in the plan adopted by Messrs. 
Bevan & Kirk. The day-book entries are made 
throughout the day — whenever, in fact, orders 
are ready for despatch. The junior clerk makes 
out the invoices from the day-book, and they 
are either sent under separate cover along with 
the goods, or separately by hand, or by post, as 
the case may be. Yet another variation is to 
write out the invoices in copying-ink from 
information supplied by the persons who 
executed the orders and from the orders them- 
selves. As press copies of the invoices are 
taken, it is not strictly necessary to repeat in 
the day-book all the information contained in 
the original invoices. Consequently the day- 
book shrinks to a bare record of dates, names, 
and amounts. 

The modern universal tendency towards the 
subdivision of labour is quite as effective in 
business circles as elsewhere. As a rule, no 
ledger clerk would be allowed to act regularlv 
as buyer, no salesman as cashier ; nor wpuld a 
factory foreman be allowed to combine the 
functions of a general manager. Therefore, it 
is imperative to arrive at an early decision — 
let us say, between the ages of 17 and 20 — on 
the all-important question : “ What are we 

going to make of our lives ? ” 

Continued 
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WHAT GRAVITATION MEANS physics 

Kepler’s Laws and Newton’s Deductions. Universality of the Law of 5 

Gravitation. The Simplicity of the Law and its Wonderful Meaning continued from 


By DR. C. W. SALEEBY 


Three Kinds of Equilibrium. Three 
kinds of equilibrium are usually described — 
stable, unstable, and neutral * A body is said to 
be in a state of stable equilibrium when it tends 
to return to its original position after the 
temporary application of a disturbing force — 
the book lying on the table or a weight hanging 
at the end of a string are in stable equilibrium. 
In the case of any given body, it is often necessary 
to ascertain the conditions of stability or of 
stable equilibrium. 

Let us take, for instance, a three-legged stool. 
If this be slightly tilted, it will come back to its 
original position, and it is found that in the case 
of such a stool, or any other body which is 
supported at a series of points, the conditions of 
stable equilibrium are satisfied when the verti- 
cal line dropped from the centre of gravity of the 
body in question falls within the figure formed 
by joining all the points of support. If, for 
instance, the three-legged stool has a very wide 
top and we place a heavy ball upon the edge 
of this top, the whole thing will topple over — 
the centre of gravity has been shifted, and the 
vertical line dropped from it reaches the ground 
at a point outside the figure formed by joining 
the three points at which the stool is supported. 


A body is in a state of unstable equilibrium 
when the temporary application of any new 
force causes a permanent change in its position. 
An egg may be balanced on its end for a 
moment, and during that moment there is 
equilibrium ; but it is unstable because the very 
slightest displacement cannot be recovered 
from, as it can in the case of a weight hanging 
from a string. 

The Case of the Billiard Ball. 

Midway between these two is neutral equili- 
brium, in which the body, when a new force is 
impressed upon it, undergoes a change of posi- 
tion without returning to its original position, 
but without continuing to leave it. A billiard 
ball, for instance, is in a state of neutral equili- 
brium on a billiard table. When gently pushed, 
it moves a few inches and then comes to rest. 
That its equilibrium is neutral but not stable is 
evident when we contrast its case with the 
weight hanging from the string, for when the 
* See “Centre of Gravity,” later in the course. 


weight is pushed, just as the billiard ball is 
pushed, it not onlycomeB to rest as the billiard 
ball does, but it comes to rest in the original 
position, whereas the billiard ball comes to 
rest at a distance from it. 

lx?! us turn now to the consideration of forces 
tending to produce rest in virtue of their 
interaction. Suppose that the forces lie parallel, 
as in the case of a rod balanced upon a point by 
means of a weight hanging from each end of it. 
We must suppose also that the rod has no weight 
of its own, else the case becomes too complicated. 
Let us imagine that the two arms of the rod are 
of unequal length, the weight hanging from the 
end of the shorter arm being heavier than that 
hanging from the longer arm. but the propor- 
tion between the two being such that the rod is 
balanced. Here we have two downward forces, 
one acting at each end of the rod, and they are 
exactly counterbalanced by an upward force 
which acts at the point where the rod is supported, 
and which consists of the resistance offered by 
the supporting point to the forces represented by 
the two weights hanging from the two ends of 
the rod. 

Principle of Moments. Now we find 
that the rod remains balanced — that is to say, 
equilibrium results — only on this condition, that 
the force represented by the one weight multi- 
plied by the length of the arm to which it ip 
attached l>e equal to the force exercised by the 
other weight multiplied by the length of its 
arm. This exceedingly important proposition, 
which is true in all cases, simple and complex, 
is known as the principle of moments, a technical 
term which involves the definition of the word 
moment. The language employed is really 
very stupid, for surely anyone is entitled to 
think that moment and momentum have the 
same meaning, the first being obviously the 
English of the second, which is a Latin word. 
But they have two totally different meanings. 
By momentum, as we saw, is meant the quantity 
of motion, but the word moment is a description 
of a much more complicated idea. In the case 
of the weights hanging from the ends of the 
rod, the moment of the force represented by 
one of the weights is the product of that force 
and the length of the arm of the rod from which 
it hangs. This must now be put into more 
abstract language. . 

We have seen that the point where the rod is 
supported, or the fulcrum of the lever, exercises 
a force vertically upwards ; the arm of the rod 
is therefore at right angles or perpendicular to 
the force exercised by the fulcrum ; hence 
we may say that the moment of the force is the 
product of the force into a perpendicular dropped 
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from the fulorum upon its line of action. Even 
this statement may bo made more abstract still, 
thus : The moment of a force about a point is the 
product of the force and the perpendicular from 
the point to the line of action of the force. This 
sounds very difficult, but it is simple enough if we 
read it over carefully in connection with such a 
diagram as this. 

In the dia- 
gram, C is the 
“ point ” of the 
definition, D or 
E represents 
the force of the 
definition, and 
AC or BC represents the perpendicular from 
the point to the line of action of the force. 

The Lever. Now, the principle of moments 
underlies the wholo theory of the lever. In the 
simplest and most useful kind of lever we find, 
for instance, a man exerting a small force at 
one end of a rod, which results at the other end 
in the motion of a very heavy object which the 
man could not possibly have moved directly. 
This is the principle of the crowbar. 

The fact that determines the movement 
desired is the adequacy of the moment on one 
side of the fulcrum as compared with the moment 
on the other side. The force the man applies may 
be small, but this is multiplied by the length of 
the long arm of the lever, and hence its moment 
is adequate. That is to say, it is equal, or more 
than equal, to the moment of the force acting 
on the other side of the lever. It might easily 
l>e shown that nutcrackers and scissors and 
pincers are eases of levers which act in a 
similar fashion. 

The Discoveries of John Kepler. 

The discussion of the third law of motion is 
deferred to the chapter in which we deal with 
the conservation of energy and the relation of this 
great principle to the facts of dynamics. We 
may conclude the present discussion of motion 
in general by the statement of the three laws 
of planetary motion discovered by the great 
astronomer John Kepler (1571-1630). 

This illustrious genius was bom at Weil in Wur- 
temburg. He had a miserable childhood, for not 
only was he born prematurely, like Newton, but 
his hands and his eyes were permanently injured 
by an attack of small-pox in his fourth year. 
Destined for the Church, Kepler turned to 
astronomy, to his great regret, in his twenty-third 
ear. He soon became dissatisfied with the chief 
usiness of a German astronomer in those times — 
the making of almanacs that prophesied the 
future from the movements of the planets — 
and he attempted, but in vain, to reduce these 
movements to law. It was not until many years 
later, in the first decade of the seventeenth 
century, that his ceaseless labours of observation 
led to memorable results. He had bad health, 
he was not a great mathematician, he was 
overwhelmed with domestio cares, but he 
left an enormous mass of accurate and precise 
observations. 
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Three Laws of Planetary Motion. 

His many years of labour enabled him tc 
arrive at the three great laws of planetary 
motion now to be stated. 

1. The orbit of each planet is an ellipse with 
the sun in one focus. 

An ellipse is a closed curve, symmetrical about 
two axes, which are at right angles to one another. 
Within this ellipse there are two points, each of 
which is called a focus. It is plain that if the two 
axes become equal the ellipse is converted into 
a circle, and the two focuses coincide. [See 
Geometry in Drawing.] 

From 
this law 
N cwton 
inferred 
that the 
att rae - 
tive force 
which 

keeps each planet in its orbit varies inversely 
as the square of the planet's distance from the 
sun. Newton inferred the existence of this 
attractive force from the second of Kepler’s 
laws, which is as follows : 

2. The radius-vector of each planet describes 
equal areas in equal times . 

The radius-vector is the line drawn from the 
sun to the planet. It follows from this law that 
the velocity of the planet must tie greater when 
it is nearer the sun than when it is farther away. 

3. In the case of each planet , the square of its 
periodic time bears the same proportion to the cube, 
of its mean distance from the sun. 

The periodic time is the lime taken in journey- 
ing once round the sun — one year for the earth 
and 165 of our years for Neptune. The mean 
distance is usually taken as half the length of the 
longer axis of the ellipse which represents the 
planet’s course. 

How Newton Deduced his Theory. 

We have already seen what Newton inferred 
from the first and second laws ; from the third 
he inferred that the attractive force which keeps 
the planets in their places is the same for each 
planet — that is to say, is the same absolutely, 
though we have already seen that it varies 
inversely as the square of each planet’s distance 
from the sun. Hence Newton concluded that 
it must be one and the same force, directed to 
the sun, which keeps each planet in its orbit. 

Before Kepler’s day it was thought that each 
planet moved in a circle round the sun at an 
unchanging speed. These remarkable discoveries 
of Kepler were thus absolutely essential to 
Newton’s discovery of the law of gravitation. 
Since Newton’s time it has been proved by 
mathematicians that Kepler’s second and third 
laws are necessarily deducible from the first. 

The reader must clearly distinguish between 
Newton’s laws of motion — three in number — and 
Kepler’s laws of planetary motion, also three in 
number, which latter constitute the data from 
which Newton made the crowning inference of 
the law of universal gravitation. This is the 
great subject which we are now about to consider. 
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WHAT GRAVITATION MEANS 

The law of universal ^gravitation is as follows : 

Every particle of matter in the universe attracts 
every other particle with a force which is in the 
direction of a straight line joining the two , and 
whose magnitude is proportional to the product 
of the masses, and’ inversely proportional to the 
distance, between them. 

This may be stated in slightly different 
language. Every portion of matter attracts every 
other portion of matter, and the stress between 
them is proportional to the product of their 
masses divided by the square of their distance. 

Now, before we go any further, we must dis- 
tinguish once and for all between a law and a 
cause — what, in fact, is this statement of the 
law of gravitation ? It is what is called in philo- 
sophical language a generalisation. Indeed, all the 
laws of which we speak in science are generalisa- 
tions — that is to say, general ways of stating 
the common character of a large number, 
perhaps infinitely largo, of particular facts. Now, 
it is plain that there can be no final generalisa- 
tion as to such a matter as gravitation, since it is 
plain that we cannot possibly examine all the 
particular instances concerning which the general 
statement is made. All we can say is that in 
every case we have examined we find that this 
attraction exists, and that its magnitude is 
determined according to the conditions stated 
in the law. We find further, as the case of the 
discovery of Neptune proved, and as is also 
proved by innumerable experiences of astro- 
nomers, that the law may be trusted as a moans 
of prediction and discovery. We may take it, 
then, that though we have not examined every 
case in the universe throughout all past, present, 
and future time, yet a general statement which 
is true of all the facts we have observed, and 
which actually informs us in detail as to innumer- 
able facts which we have never observed, is as 
much entitled to be regarded as true as is any 
proposition which the human mind is capable of 
framing. In other words, we will admit ourselves 
to be very dogmatic, and, if you like, arrogant, 
and to say that the law of gravitation is posi- 
tively true ; that we have here the truth, the 
whole truth, and nothing but the truth — in 
short, that concerning this law we have nothing 
more to learn. 

Distinction Between Law and 
Cause. But when we come to consider the 
totally distinct question, which is nevertheless 
constantly confused with the previous question, 
we find that our dogmatism is silent ; whereas, 
concerning the law of gravitation we dare to 
assert that we know all there is to be known ; 
concerning the cause of gravitation, we know 
nothing whatever. 

We have laid much emphasis on this point, 
in the first place because it will lend clearness 
to our subsequent discussion ; but, in the second 
place, because the distinction between a law and 
a cause is of cardinal importance in scientific 
thinking, and because, to our mind, the funda- 
mental distinction between the two finds no 
illustration so cogent and convincing as the 
present one. 


For we have here a universal principle con- 
cerning the details of the operation of which we 
know everything, but concerning the cause of 
which we know absolutely nothing at all. 
Surely we may hope that no reader of this 
chapter will ever again make the disastrous 
mistake of confounding law with cause, a 
mistake which has led to more controversy and 
confusion in science and, notably, in the conflict 
between science and dogmatic theology, than 
any other that can be named. 

Universal Gravitation. First, then, as 
to the facts of universal gravitation, which 
will occupy us at much length, before we spend 
a few paragraphs in a discussion of the attempts 
that have been made to explain them. At 
present we are concerned merely with descrip- 
tion, with the fact of the law of gravitation ; 
later wc shall be concerned with explanation, 
the cause of the facts which we have described. 

Newton was led, as we may remember, to this 
supreme discovery by the contemplation of a 
falling apple ; and gravitation is in the first 
place a terrestrial or earthly matter. It does 
not need a Newton to know that unsupported 
objects fall to the earth ; and if they fall, it 
must be that some force has l>een impressed 
upon them ; our study of the first law of motion 
has taught us that. It is plainly a great step 
from the assertion that the earth exerts an 
attractive force upon an apple to the assertion 
that the sun exerts an attractive force upon the 
earth, and to the further assertion that the 
apple attracts the earth, and the earth the sun. 

For very rnanj' years the truth of the law of 
gravitation could not be asserted save of the 
earth, objects upon the earth, and the planets 
in their relation to the sun - that is to say, 
gravitation was a truth of the solar system, 
but we could positively say no more. The 
French philosopher, Auguste Comte, declared 
that we should never be able to assert whether 
or not gravitation acts amongst the stars. He 
was wrong, for less than fifty years after his 
death we are able to say that the facts recorded 
in an enormous and constantly increasing 
numl>er of observations do demonstrate the 
action of gravitation amongst the stars. We 
are, therefore, now justified in believing that 
it is an omnipresent force. 

If Gravitation were Abolished. Some 
of the more immediate indications of gravitation 
have already been indicated. We saw in a pre- 
vious chapter that we must carefully distinguish 1 
between the two words “ mass ” and ** weight ” ; 
we saw that the mass of a body is the stuff it 
contains, but that the weight of a body is merely 
the outward indication of the force of gravitation 
between the earth and the body in question. 
If gravitation were abolished it would require 
no effort whatever to lift by one finger a weight 
of a million pounds, but there would be as much 
stuff in the object lifted as before ; its mass 
would be unaltered. Hence in the case of the 
planets and the stars, astronomers never think 
of talking of their weight ; the term has no 
meaning, for gravitation is acting upon them 
in all directions. We can only conveniently 
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talk of weight where, as in the case of a stone 
held in one v s hand, gravitation is for practical 
purposes acting only in one direction — viz., 
downwards. Thus by weight we mean the 
downward force of gravitation, but downwards 
means nothing when applied to Sirius or Jupiter. 
Astronomers may, therefore, talk of the mass of 
the heavenly bodies and of their density, which 
is the relation of their mass to their size or 
volume, but never of their weight. 

As we have seen, then, if gravitation were 
abolished we should all be strong men, and if its 
force were altered, as it would be by our trans- 
ference to a smaller or a larger planet, such 
as Mars or Jupiter, the possibilities of our lives 
would be very much modified ; but it has nowhere 
been clearly enough stated that, according to 
the prevailing theory, we owe our very existence 
to gravitation ! 

Energy and Shrinkage of the Sun. 

Everyone knows that the earth owes its energy 
to the sun, the source of all our light and 
heat, without which life could never have 
been evolved upon the earth, and with the 
extinction of which it must necessarily cease. 
Now, according to the theory of the great 
German physieist, Hermann von Helmholtz, 
the sun obtains energy from its constant 
shrinkage, and this shrinkage is due to the mutual 
action of gravitation between the innumerable 
atoms of which the sun is composed. Quito 
recent research has shown that, in all probability, 
gravitation is not the sole source of the solar 
energy, but it is at the very least an important 
contributing sourco of the power in virtue of 
which human life is possible. 

Gravitation having given us life, and ever 
binding us to the sun — from the company of 
which the earth would soon separate herself in 
virtue of Newton’s first law of motion but 
for the constraining power of gravitation — 
this great principle proceeds to supply man’s 
mind with the most striking proof of what is 
perhaps its most lofty conception. This con- 
ception is that this great and various world of 
ours — flowers and stars, educators and elephants, 
men and meteors — is what we rightly but 
uneomprehendingly call a universe — that is to 
say, all are in reality one. It is Newton’s law 
of gravitation that fumisheB us with the most 
powerful support for this belief. The poet is 
actually right who says : 

“ Thou canst not stir a flower 
Without troubling of a star.” 

A Wonderful Thought. If the law of 
gravitation be true, you cannot stir a flower, 
you cannot even cause movements of matter 
in your brain in the mere intention to stir a 
flower, without thereby altering the position, 
in accordance with universal gravitation, of 


all the matter in the universe. As the present 
writer has ventured to say elsewhere, every 
breath we draw affects the path of Sirius and 
the Pleiades. 

Another point which we consider to be inade- 
quately emphasised is the extreme simplicity 
of this universal law. This simplicity becomes 
more striking when we realise that a similar 
statement to that of Newton holds good of 
certain important facts of magnetism and 
electricity. 

The Marble and the Star. The 

simplioitv of the law of gravitation is so striking 
that it leads to a very interesting speculation 
as to the cause of gravitation. The cause 
underlying a law so simple must itself be very 
simple. The law states that not only every 
atom in the universe attracts every other, but 
that the force with which they do so bears the 
simplest possible relation to their mass and the 
distance between them. If the mass be added 
to, the force is added to in proportion. If the 
distance be doubled, the force is reduced to a 
fourth of what it was before. The law holds 
to a hair, however you alter the conditions as to 
distance, or mass, or disparity of size between 
the two bodies we consider. Tt holds whether 
you deal with a couple of marbles on the table 
before you, or with the mighty Htar Sirius and 
that invisible dark companion of his which the 
law of gravitation has discovered for us, or with 
one of the marbles and Sirius. Plainly, therefore, 
the cause of phenomena so constant, so invariable, 
yet capable of such very simple expression, must 
itself be constant, invariable, and simple. 

Three Facts. Let us note one or two facts 
corroborative of the law of gravitation and of 
the assertion that it is universally applicable. 
We find, for instance, that the weight of a body 
is equal to the sum of the weights of its parts ; . 
that a spherical shell exercises no attraction upon 
a particle in the centre — that is to say, appears 
not to exercise such attraction, because the 
attraction, in accordance with the law of gravita- 
tion, is equal in all directions. Thirdly, we find 
that a spherical shell acts on a particle outside it 
with a force the direction of which is through 
the centre of the sphere, and is exactly equivalent 
to the force which would act on the particle if the 
whole mass of the sphere were condensed at its 
centre. 

Since we know that at any one place the weights 
of all bodies are proportionate to their masses, 
we know that the force of gravitation varies in 

K rtion to the masses of the mutually attracted 
i. The last statement in the law, the “law 
of inverse squares,” is a necessary deduction 
from Kepler’s laws of planetary motion, which, 
as we have seen, are simply general statements of 
facts. 
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r THE earliest appearance of the Hebrew race, 

1 that race which has performed in the 
world’s progress so important a part, belongs 
to the dawn of history. We learn much of its 
story from the narrative bequeathed to humanity 
in the Old Testament, sustained as it is by 
many monuments and human records. The 
Hebrews trace the opening of their historic 
progress back to Abraham, who came from 
Chaldea and settled in the* region of Canaan 
2,000 years at least before the Christian era. 
In the region between the- Nile and the Red 
Sea, a land most fertile and ready for culti- 
vation, the Hebrews rapidly increased and 
multiplied, although the Egyptian occupants 
of the soil treated them for a long time as 
underlings, or, indeed, as if they were mere 
captives of the bow and spear. 

The Hebrew Race. The Hebrews were 
from the outset a conquering race, though not 
in that merely physical sense which is usually 
associated with ideas of conquest. From the 
dawn of history down to the present day the 
Hebrew — or the Jew, as we now call him — has 
always made himself an influential and even a 
ruling figure, in fact at least, if not in title, 
among every race in whose movements he has 
come to take any part. The narrative of the Old 
Testament tells how Joseph, sold as a slave in 
Egypt, rose by his intellectual and practical 
capacitv to become one of the Ministers of the 
Pharaoli Sovereigns, and this early record fitly 
illustrates the story of the race. Throughout 
the history of the world, since its earliest 
records, the Hebrew has been persecuted in 
every country, ancient or modern, where he 
endeavoured to establish himself as a citizen. 
It mu*t be owned, too, that the Hebrew when he 
had the opportunity has shown himself as ready 
and as capable of instituting religious and caste 
persecutions as ever his enemies have been ; but 
in the power of maintaining himself against all 
such oppression, however resolute and steady in 
its continuance, he is almost without a rival in 
man’s history. 

Birth of Moses. In the region where 
the Hebrews settled they soon began to 
multiply greatly, but they made no inter- 
marriage with the Egyptian population. The 
story of the finding of Moses serves to illustrate 
most effectively the traditions which tell us how 
the government of the Pharaohs endeavoured, 
by the ruthless exercise of tyranny, to check the 
growth of the hated Hebrew race. An Israelite 
woman gave birth to a male child at a period 
when the ruling sovereign of the Pharaohs 
had issued an order that all male infants of 
Hebrew women should be killed at birth. The 
Hebrew woman, after having concealed her 


child for three months, began to fear that she 
could not much longer prevent its existence 
from being discovered by the enemies of her 
people. She' put the child in a basket of 
bu brushes on the Nile, where the daughter of 
the reigning Pharaoh wa« accustomed to bathe 
every day. The wailing of the child drew the 
attention of the princess, who had a woman’s 
heart, and was moved to genuine compassion by 
the infant. She brought him up in her own 
palace, and had him instructed by the best 
teaching which the Egyptian priests could give 
him. 

The Pharaohs. The child was named 
Moses, meaning “drawn out,” l>eeause lie had 
been literally drawn from the waters of the river. 
Later on the mother of Moses found access to 
him, made known to him the secret of his 
birth, and revealed to him the whole story 
of the persecutions inflicted cm his race by 
Egyptian rule. Moses, now growing up, saw 
one day an Egyptian beating and ill-treating 
one of the Hebrews, and he killed the Egyptian 
aggressor. 

Knowing what the consequences of this act 
must be, Mo«es escaped from that region and 
made his way to Jethro in the southern extreme of 
Arabia Petra*a, where he found the ancient faith 
of his forefathers prevailing. He thereupon 
resolved to devote himself to the task of deliver- 
ing those of hi* race whom he could influence 
from the tyranny of the Pharaohs, and to lead 
them “out of "the house of bondage.” He 
asked Pharaoh to allow him and h,s people 
to go “ three days’ journey into the desert and 
sacrifice unto the Lord our (iod.” The recent 
discoveries made by Dr. Flinders Petrie*, in Sinai, 
have brought to light some evidences in stone 
that there was near Sinai in the days of Moses 
a Semitic temple, a central place of worship to 
which the Jews and their kindred peoples were 
accustomed to resort, and that this was the 
temple which Moses proposed to reach by the 
three days’ journey into the wilderness. 

The Law of Moses. The world is 
familiar with the story of Moses. He and 
Aaron the Levite led the Hebrews and their 
herds into the desert, where they wandered 
for long in the Arabian plains. There he spread 
the doctrine of the one Divine Being, and 
enforced his teaching by the promulgation of 
ordinances and laws which showed, and show, 
an entire superiority over every other system of 
legislation known to the world at that time. He 
abolished the distinction of castes, and declared 
the equality of all citizens before the one Divine 
Spirit, and before the existing law ; emancipated 
slaves, and ordered the restoration of alienated 
property to its real owner. The laws of Moses 
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always protocted the poor, forbade usurious 
practices, proclaimed the virtues of charity and 
almsgiving, enjoined kindness to strangers, and 
insisted on kindly dealing even with the lower 
animals. The Mosaic system was a complete 
reversal of the principles then prevailing in the 
world outside. The stranger wax to be treated as 
a friend and not as a natural enemy ; the slave 
was restored to the position of a free man, and 
the wife was allowed to take a place of equality 
beside hpr husband. The Decalogue — the inter- 
pretation of the whole moral code by ten com- 
mandments — is the outcome of that time of 
marvellous and inspired legislation. 

Destruction of Jericho. It was the 
desire ot Moses that his people should return 
to the ancient land which had been chosen 
by Abraham for a settlement. Joshua, who 
succeeded him, traversed the Jordan with the 
object of settling there, destroyed the city of 
Jericho, and partitioned the soil of Canaan 
among the twelve tribes of I«racl. But when 
Joshua died the government of the ruling elders 
was not strong enough either to ensure the Israel- 
ites the occupation of the land or to resist the 
invading impulses of foreign rulers. Sometimes 
the Hebrews were reduced for a while to complete 
servitude, and then were rescued again by heroic 
and patriotic men of their own race, who made 
for themselves nil era of sovereignty— in fact, 
although not in name, and the Hebrews before 
long accepted the dominion of an actual king. 

This was Saul, of the tribe of Benjamin. Saul 
was selected for this office by Samuel, who had 
been practically the ruler of the people and who 
was induced, or compelled, by the demands of 
his people to set a Sovereign over them. The 
administration of Saul at first seemed to promise 
great success, because of liiH capacity for the 
resisting of encroaching enemies and the modera- 
tion and the wisdom of his rule. 

The Rule of Saul. But Saul seems 
to have gradually changed his nature because 
of the temptations offered to him by his position, 
and to have endeavoured to make himself an 
absolute dictator without any regard for the 
sacred traditions and long established habits 
of his people. Then came the era of David, 
the son of Jesse, a Hebrew shepherd, whom 
Samuel had already anointed as King. He was 
introduced into the Royal household with a hope 
that he might one day become the actual ruler 
in the place of Saul, who was growing to be more 
and more distrusted and disliked among his 
people. David had won for himself the admira- 
tion of the Hebrews by killing the Philistine 
giant, Goliath, but by this feat be aroused the 
jealousy and hatred of Saul, who made many 
attempts to get rid of him, and even attempted 
more than once to kill him. 

Saul was afterwards killed in battle. And then 
the tribes of Judah and Benjamin, and finally 
the other ten Israelite tribes, accepted David, 
who had married Saul's daughter, Michal, 
as their Sovereign. David proved himself a 
powerful leader. He captured Jerusalem, 
completely defeated the Philistines and the 
Moabites, and spread the Hebrew kingdom to the 


Euphrates on the north, and to the Red Sea on 
the south. His rule was for a long time a 
complete success. He established effective laws 
for the maintenance of religious worship, for 
the administration of justice, for the support 
of a sufficient army : and he initiated and 
organised the arrangements for the building 
of the great Temple. David lived in Jerusalem, 
which was then called the City of David. His 
later days were troubled and darkened by the 
revolt of his sons Absalom and Adonijah. He 
died somewhere about 1,000 years before the 
Christian era. He has well been styled 4k The 
sweet singer of Israel,” for he must ever be re- 
garded as the original inspirer of the marvellous 
religious lyric poetry of the Hebrew race, and 
his name must live for ever in all human history. 

A Time of Prosperity. Solomon, the 
son of David, succeeded to the rule of the 
Hebrew race. By this time the remaining 
populations who had belonged originally to the 
soil of Canaan — among them the Philistines, 
Edomites, Amalekites, Moabites, and others — 
had been brought under the rule of the Hebrew 
kingdom, and Jerusalem was made the capital of 
the ruling race. Solomon’s was in every sense a 
splendid reign in its earlier days. The cultiva- 
tion of arts, and especially of architecture, made 
itself manifest every where. Poetry and music 
held a leading place in the intellectual glories 
of the period, and indeed suffused the minds 
and feelings of the population to a degree never 
known before in any part of the world, and 
hardly excelled even in the most palmy days 
of Greek and Roman culture — hardly surpassed, 
perhaps, at any later period of human history. 

Commerce also began to thrive in a manner 
new to the world, and the trade of the kingdom 
was carried on with Egypt, India, and Ceylon, 
and with regions and islands still farther off. 
Solomon was indeed one of the most brilliant 
and picturesque figures of whom history gives 
us any record. He was unquestionably a man 
of superb intellect. His mind was endowed 
with a marvellous combination of practical 
wisdom and of imaginative power. It is more 
than probable that oracular sayings, imperial 
projects, and intellectual triumphs have come 
to bo ascribed to him which were not actually the 
offspring of his ow r n intellect ; but even this is 
only another evidence of the immense influence 
which he must have exercised over his contempor- 
aries and over their descendants through many 
successive generations. 

End of Solomon’s Reign. A great man 
is always thus invested by tradition with some 
intellectual triumphs to which he himself might 
have laid no claim, and the tendency of posterity 
thus to exaggerate the greatness of any ruler 
of the past is but another and a very impressive 
tribute to the position which he must have 
acquired among those over whom he came to rule. 
There can be no doubt that the artistic genius of 
Solomon became to some degree a great trial to the 
people. He was a voluptuary of the most lavish 
and uncompromising order, and even some of his 
noblest artistic and architectural achievements 
began to create heavy burdens for his over-taxed 
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subjects. He spent money in the most prodigal 
fashion, and his enormous resources of money 
did not enable him to gratify to the full his 
genius for artistic splendour. He had to lay 
heavy taxes on his people, who grew poorer ana 
poorer under his rule; and towards the close 
of his life the burden which he thus imposed 
upon those who were compelled to yield to his 
demands made his reign increasingly oppressive 
to a large proportion of those whom he governed. 
His renown had spread everywhere over all 
surrounding regions, and the Queen of Sheba 
was induct to visit the ruler of the Hebrew 
race. 

As the dose of his life drew on he appears to 
have accepted the ordinary position of a despotic 
Eastern Sovereign, and he was charged with 
having decided according to his own arbitrary 
will many questions of judgment which ought 
to have been settled according to the recognised 
and traditional principles of religion and estab- 
lished law. He was charged with having 
departed so far from the faith of his fathers as 
to encourage, and even to patronise, idolatrous 
practices, and to make the authority of the 
priesthood depend entirely upon his own caprice. 
His reign continued to degenerate steadily in its 
later periods from the magnificent opening of his 
career ; some of the outer populations rose in 
revolt against his ordinances, and even his own 
people often turned against him. 

Israel and Judah. After Solomon’s death 
the dissatisfaction which had been growing up 
among his subjects broke into actual dissension. 
For it seemed impossible at the time to obtain 
any common agreement among all parties and 
sections as to the proper means of restoring 
general content and prosperity. The monarchy 
soon divided itself into two separate sections: 
one the kingdom of Judah under Rehoboam, 
Solomon's son, and the other the kingdom of 
Israel, under Jeroboam, the Ephraimitc. The 
kingdom of Judah was made up for the most 
part of the tribes of Benjamin and Judah with 
also, it would seem, the inhabitants of some 
outlying cities and provinces. The kingdom of 
Israel included the remaining ten Hebrew tribes. 

Nineteen kings succeeded each other in Israel, 
but these kings did not come to their ruling places 
as regular successors in the same dynasty. Most 
of them became rulers by actual conquest, 
by seizing the throne, and in some instances by 
putting to death their predecessors. Then the 
region over which they ruled was invaded and 
conquered by Shalmanezer, Sovereign of Assyria. 
Hosea, the King of Israel, was immured in 
prison, many of the Hebrew people were sent 
as captives into the far eastern regions and the 
mountainous districts of Media, and their lands 
were occupied by Assyrian settlers. These new 
colonists mixed themselves with the Israelite 
population still left in the land, and by their 
inter-marriages were formed the race described 
as the Samaritans. 

Nearly 000 years before the Christian era 
Nebuchadnezzar, King of Babylon, captured 
Jerusalem, burned the Temple, and carried 
off some of the most distinguished and wealthy 


of Jerusalem’s inhabitants as prisoners to 
Babylon. Then followed that period in the 
history of the Hebrews which is known as the 
Babylonian Captivity. The Israelites who had 
been forced into exile before the exile of the 
race of Judah occupy no distinct place in 
history after this period. Those of the Hebrew 
race who formed the kingdom of Judah seem 
to have been treated with comparative mildness 
by the rulers of Babylon, and came to exercise 
a strong and general influence over the people 
of that kingdom. Tho region of Babylon 
became the “ second land of Israel,” ana re- 
mained so for many centuries. 

A New Chapter in Man's Develop* 
ment. We must pass away now for the 
present — but only for the present — from the story 
of the Jewish race. The most important evcnl 
in the history of that race— the most important 
event, indeed, in the history of the world — was 
yet to come, but it belongs to a period when great 
peoples and great realms had arisen in Europe 
on whose influence over the progress of human 
civilisation the historian has yet to tell the 
marvellous tale. Europe was about to open an 
entirely now chapter in the history of man's 
development, and in that development the 
Hebrews came to perform a most important 
part. Europe, Asia, and Africa now begin to be 
blended in the world’s movements, and the 
Hebrews cease to be, and Asia herself ceases 
to be, separate and isolated influences over the 
working out of man's earthly destiny. 

Meanwhile, the influence of the Holy Scrip- 
tures waH beginning to diffuse itself in the 
Eastern world. The name of the Bible is 
taken from tho Greek word “ biblos,” which 
means a book, but is adopted in special 
and exclusive reverence to the consecrated 
writings. The teachings which are embodied in 
the book of Genesis are believed to have been 
already making their way into tlu* world’s know- 
ledge some 4,000 years before the birt h of ( -hrist. 

The prophets were teaching down to some 
400 years before the Christian era. The Scripture 
history of the Jews ends, according to Latin 
writers, about that time, and from thenceforth 
we take what we know of Jewish history from 
the accounts given to us chiefly by Roman 
authors. 

The Rise of the Greek Race. 

Greece opens the next momentous era in the 
civilisation of the world. In war and in peace, 
in all departments of literature and art, Greece 
won for herself a fame in her early days which no 
succeeding age has been able to outrival. 
Greece, with her islands, was happily situated 
for the work which she had to do. In the ex- 
treme south-east of Europe she had the western 
shores of Asia almost within speaking distance, 
and the Mediterranean Sea spread itself around 
her southern shores. Her history goes back to 
blend with that of the Hebrews and the Persians, 
and the name of her great poet, Homer, camos 
us far into antiquity. The Greeks were navi- 
gators from the very beginning, and loved to 
make their way into far foreign regions and 
study there the movements of a life which was 
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new to them, and, in many of its characteristics, days of Greek literature. We have the books 

widely different from their own. Greece is a themselves to consult, and many of them ore 

small country, and yet there is no part of well known to most readers at the present day. 

the world in which from the opening of her We need not tell o f th e capture of Helen and 

civilisation she has not made her influence felt, the siege of . Troy which followed it ; of the 

The modem world — if we include in that phrase wrath of Achilles and of Hie troubles it brought 

the whole Christian world— has never produced upon the oonquaring Greeks ; of the fall of 

greater narrative poems than those of Homer, Troy and the fate of Hector. Indeed, the 

greater dramas than those of iEschylus, Sophocles, supposed histozy of the author himself is 

and Euripides ; greater works of philosophic almost as mythological as that of the gods 

thought and critical disquisition than the writings and goddesses who move about in his pages 

of Socrates, Plato and Aristotle ; more vigorous bearing the forms of men and women, who 

and vivid satirical comedy than that of Aristo- seem to be animated by many of the most 

phanes. The sculpture and the architecture of selfish ambitions, the meanest prejudices, and 

classic Greece are the world’s wonder, and the the most unreasonable passions which belong to 

traveller, from whatever land he comes, must humanity itself. 

feel that he is looking on one of the noblest Xhe Dorian invasion. There are many 
works of man s making as he stands upon the En g] ish translations of Homer’s works, Pope’s 

Aeropolis and gazes on the Parthenon. being far the most popular ; Chapman's earlier 

Early Days of Greece. Greece is but a rendering was hardly known. Pope’s is fluent, 
small country, even if we include the islands which and even fascinating ; but its style and metre are 

belong to it; one of which, Crete, much exceeds in essentially not Hellenic. The eminent parlia- 

its size any of the other islands. Yet, in the days mentary leader. Lord Derby, has given to the 

of her greatness Greece was famous as a conquer- world an admirable version of the Iliad in 

ing warrior state no less than as the home of English blank verse, and the American poet, 
literature and the arts. The earliest inhabitants William Cullen Bryant, began, but did not 

of Greece, so far as we can trace back the history quite complete, a blank verse translation which 

of the country, appear to have been the Polasgi, promised to be the finest of the kind in 

who belonged to the immemorial Aryan race. English. 

The coast Of Greece k when considered relatively We must come, however , to the earliest 

to the S'ze of the country ifaelf, the longest coast- records we have of the actual growth of the 

line of any country in Europe , and this fact great nation which had for its principal states 

enabled the Greeks to become incessant voyagers Athens, Sparta, Corinth, Thebes, Arcadia, and 

to other shores, and at the same time induced and Macedonia. The most distant record we have 

permitted the inhabitants of foreign but neigh- Q f the more or less mythical history of the land 

bouring regions to make incursions into Greek tells of the Dorian invasion, which is described 

te r ritorv. by some more or less mythological records as 

Greece is much intersected by mountain the ret’im of tho Her ac litre, the descendants of 

ranges, and theso became barriers dividing Heracles, or, as we now call him, Hercules, who 

the Greeks into small and separate petty were descrilred as coming back to the land 

states, and thus prevented them, in some which was originally their own. 

instances, from making a prompt and general First Greek Settlers. The Pelasgi 
resistance to foreign invasion. The earliest appear to have been the earliest of the Greek 

known religion of Greece appears to have race actually settled in the country, and were 

inculcated the worship of many gods each long afterwards known as the Thessalians, 

representing some attribute of the human The atate afterwards known by the name of 

mind, and even m certain instances the worst Sparta became a great and vigorous rival 

passions of man. The Greek deities thus 0 f the Athenian state. The Spartans were, 

created bore, for the most part, the forms above everything else, a people of soldiers, 

of human beings. Their supreme divinity Q ne rc8ll }t of the Dorian invasion was the 

was Zeus, or, as the Romans called him, establishment of slavery in most parts of 

Jupiter ; Apollo typified imagination and poetry, Greece . The Helots of Sparta were slaves 

and there was a strong belief in a- future life, w hose forefathers had been conquered by the 

when virtue was to be hnally rewarded and vice i nva ders, and were the property of the whole 

punished. There seems to have been in their B tate or camp, rather than of individual 

religious faith no distinct idea as to any releva- mafiters . Attica was the most highly cultured 

tion, and their creed came rather from within part of Greece. There were almost incessant 

than from without. invasions of Greece bv foreign peoples. These 

The Founders of European Civil i* invasions were made the more easy of 

sat ion. The Greeks were undoubtedly the temporary success by the fact that Greece 

founders of European civilisation. We need was divided by its mountain ranges into 

not here pause to retrace the merely poetical separate settlements. Cyrus, the Persian 

and mythological history of Early Greece as monarch, was one of those invaders who at- 

told in the great poems of Homer and of other tempted to absorb the whole of Greece, but 

illustrious poets and dramatists in the classic Greece rallied successfully to resist this project. 

Continued , 
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By Professor SILVANUS P. THOMPSON 


The Necessity of a Circuit. In order 
that an electric current may flow at all, there 
must be a circuit in which it can flow. Elec- 
tricity will not flow from a battery or a 
dynamo unless there is a path along which it 
can return back to the source. When there is 
provided a system of wires of metal or con- 
ductors to lead the current from the battery 
to the place where it is wanted to do some 
work and to conduct it back again, we describe 
this closed path as a circuit. If there be in it 
any gap occupied by air or any other non- 
conductive substance, even though the battery 
and the going and returning lines are all in 
proper order, no current will flow. A circuit 
which is thus incomplete by reason of 

the interposition of some non -conductive 
obstacle? or of a gap, is called an open circuit. 
As soon as the ob- 
stacle or gap is 

bridged over by a ^ f 0 J \ ' 

conductor, the flow ) 1 h 

of current begins, /* 

and we describe this j. J 

completed path of i. ? n 77/fL>, 

the current as a closed % \ \ l 

circuit. Home of the 

practical e x p e r i - WT | / j !$;>£' 

ments suggested on 

page 463, were for 29 

the specific purpose 

of making clear this necessity for a (. / ' : 
closed circuit if the current is to * ~f " 
flow at all. 

Circuits through Water or — 

Earth. It must not be supposed, 
however, that a current cannot flow swtrlinc 
in other paths than metallic wires. ta 

It is true that for electric bells, 
electric telephones and electric light, metallic 
conductors are used both for the outgoing lines 
and for the return lines. But there are other 
cases in which a current may flow without 
being confined to a wire circuit. Water (unless 
chemically pure) is a conductor, though by no 
means so good a conduc tor as any of the metals. 
This we may easily demonstrate by a simple 
experiment. Provide a battery of three or 
four cells, and a simple detector or cheap 
galvanometer [marked G in 29], and let them 
be joined in series between two wires to which 
two copper plates have been fastened. If these 
two plates be allowed to touch one another 
their contact will complete the circuit, and at 
once the galvanometer will show that a current 
is flowing. Separate them, by even one- 
hundredth of an inch, and the current at once 
stops. Even a gap of one-thousandth of an inch 


SWIRLING CURRENT 
TATHS 


in width, filled with air, or with oil, or dry 
paper, or any non-conducting substance, stops 
the current. Now procure a tub or basin filled 
with water. Dip the plates into this water, 
keeping them wide apart. You will see, on 
observing the galvanometer, that the water 
conducts the current from one plate to the 
other, but hardly so well a$ a good metal wire 
would do. Now bring the plates nearer 
together, so that the current in flowing from one 
plate to the other will have a shorter length of 
water to traverse ; on thus bettering the path, 
it will be seen that more current flows, for the 
galvanometer will indicate a larger deflection. 

Such an experiment might be tried on a 
much larger scale. Suppose a metal plate to 
be immersed in a stream or river at some place, 
and the wire attached to it carried on supports 
(like a telegraph 

Q line) along the bank. 

and connected, as 
illustrated in 29, to 
one pole of a battery, 
the other pole of 
which is joined to a 
galvanometer, and 
from the galvano- 
meter let the wire 
continue along the 
bank for some dis- 
;-n tancc and then ter- 

min ate in another metal plate 
■* immersed in the stream. It will bo 
/ found that the stream or river 
:: J conducts the current and provides 

[) a path for the electricity from one 

current metal plate to the other. If the 
HS ' plates are buried in moist earth 
the effect will be the same, because 
moist earth conducts. Because water conducts, 
our electric light mains and wires must be 
insulated with non-conducting coatings that 
are waterproof, otherwise some of the current 
would escape. 

Earth as a Return Circuit. When 
it was found that the earth would serve as a 
portion of a circuit, it was at once proposed to 
use the soil as a return conductor in telegraph 
work (each circuit consisting of onb line and 
an earth return), instead of there being two 
metal lines, one for the outgoing conductor and 
one for the return conductor. But in such an 
arrangement great care must be taken to 
ensure that the circuit is provided with good 
metal earth plates of sufficient surface, and that 
these plates are sunk in really wet earth. They 
will not be effective if too small, or if buried in 
dry sand or dry rocky ground. Telegraph 
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engineers habitually talk of an outgoing con- 
ductor as the line , and the return conductor of 
a circuit as earth, even if it be made of a metal 
wire. Earth returns are not permissible for 
electric lighting or for telephonic lines. In a 
town, a good way of earthing a conductor is to 
connect it by a wire to the water pipes that are 
buried in the soil instead of using special earth 
plates. 

It is worthy of note that water makes a 
better earth , in the telegraphic sense, than the 
earth does. It is also worthy of note that when 
earth is used in any straight circuit as a substi- 
tute for one of the conductors, it makes no 
difference whether the earth be used as the 
outgoing or the returning line. Also, it should 
l>e olwerved that for many purposes — as, for 
example, in the use of electric bells, telegraphs, 
and ocean cables— -the earth may serve as 
return, or, for that matter, as outgoing con- 
ductor. if separate metallic returns be used, for 
more than one circuit at one time. Why many 
circuits may thus share a common conductor 
without appreciable interference with one 
another will be better understood after study 
of the law that governs electric circuits. 

Swirling Current Paths. When a 
current is flowing through a portion of a large 
wide conductor, such as a pond of water, a tract 
of earth, or a large sheet or mass of metal, and is 
not confined to a linear path along a wire, it 
spreads out into sheets or swirling paths, occupy- 
ing the largest cross-section of path available. 
If a current, for example , be introduced into a 
rectangular tank of water by means of two 
small metal electrodes entering the water at one 
and leaving it at the other, it flows round in 
curving paths from one electrode to the other, 
ns indicated by the dotted lines in 30. If a 
circular piece of tinfoil be cut out and laid down 
on a dry board, and current bo caused to enter 
at the point A at one edge [81], and leave it at 
point B at another place on the edge, the current 
does not take the shortest route from A to B ; or, 
rather, though some of it takes the shortest 
route, a large proportion of it will flow by other 
and longer routes, as shown by the curvod dotted 
lines. If this circle represented a shallow pond 
into which water ran in at A and ran out by a 
drain at B, it would not all run straight across, 
but would similarly follow swirling curves. In 
fact, the statement often made that “ electricity 
always takes the line of least resistance " is 
grossly untrue. In any wide conductor it always 
takes all the other available paths at the same 
time. This is true of the flow of electricity 
through the earth from one earth plate to 
another. 

The Law of the Circuit. Dr. G. S. 

Ohm discovered in 1827 the law that governs the 
steady flow of currents in circuits. We have 
already seen [page 291], that to make any current 
flow there must be some generator, such as a 
battery or a dynamo, capable of exerting an 
electric effort, or electromotive force. It was 
there explained that electromotive forces are 
expressed in terms of the unit called tho toll. 


A volt is not a current : it is only the tendency 
to produce a flow. A battery, for example, of 
lODanielTs cells will exert , an electromotive 
force of about II volts, whether any current is 
being drawn from it or not It was also ex- 
plained that the strength of an electric current 
is expressed in terms of the unit of current 
called the ampere. We cannot have amperes 
unless there be a circuit by which they may 
flow from the battery (or dynamo) back to 
the batteiy (or dynamo). The volts drive the 
amperes. You can have the volts without the 
amperes, for the battery or dynamo that is 
exerting the electromotive force can exist without 
there being any circuit connected to it. But 
you cannot have the amperes in the circuit 
without the volts to drive them. The electro- 
motive force (volts) is the cause ; the current 
(amperes) the effect. As volts and amperes 
then stand to one another as cause and effect, 
wc should expect them to show, under given 
circumstances, a certain proportionality one to 
the other. And in practice it is found to be so. 

Proof by Experiment. Suppose, for 
example, we had 100 ft. of german-silver wire, 
of No. 23 S.W.G. (about in. thiok), to serve 
as our circuit, either stretched out as a large 
loop, or coiled up (properly insulated by being 
over spun with cotton) on a bobbin. Suppose we 
applied to this wire an electromotive force of 
100 volts, we should find that such is the resistance 
offered by this long thin wire that even with 
this electric pressure applied to it only two 
amperes would flow through it. Now, if without 
altering the wire in any way we were to vary 
the electromotive force which wo apply to 
it, we should find the current in the wire, 
which we should measure with an ampere- 
meter [sc 3 p. 291], would vary in exact corre- 
spondence If we altered tho electromotive force 
from 100 to 200 volts, wo should find that 
the current would of itself alter from 2 to 4 
amperes. If we lowered the electromotive 
force to 50 volts, tho current would reduce 
itself to 1 ampere. The effect would be 

exactly proportional to the cause. 

Had we taken a longer wire, it would have 
offered more resistance, and then on applying 
over 100 volts wo should have got less than 2 
amperes. For example, if we had taken twice 
the length, it would have offered twice as 
much resistance, and, in that case, on applying 
our 100 volts wo should have found that the 
resulting current would be only 1 ampere. 

It becomes clear on thinking thi? over that 
the resistance offered by the conducting wire to 
tho flow of electricity through it is a measure 
of the proportionality between the cause and 
the effect. This is what Dr Ohm expressed in 
the rule that the ourront is directly proportional 
to the electromotive force and inversely pro- 
portional to the resistance. To express this in 
mathematical form, let us write the symbol E for 
the number of volts of electromotive force, and 
C for the number of amperes of current. But we 
shall need a third symbol to express the amount 
of resistance offered by a conductor, and we shall 
need a name for tho unit of resistance. Cloarly, 


670 



to fit the other units toe must have, as the unit 
of resistance, a resistance so great that if we 
apply one volt to it there will be 1 ampere 
produced in it. A resistance of this magnitude 
has been oalled one ohm. We will adopt the 
symbol E to express the number of ohms of 
resistance that any circuit oriconductor offers 
to the flow of electricity through it. We may 
now write Ohm's law as : 


E 


= C ; 


or, in words : 

volts 

— * — = ampere s. 
ohms 

In the case of our German silver wire, it 
has evidently a resistance of 50 ohms— for if we 
take E - 100, and R = 50, we get 0 ~ 2, as 
follows : 

1 P °=2 

50 

And if it offers 50 ohms, the effect when we raise 
the voltage to E = 200 will be : 

200 volts . 

— - — = 4 amperes. 

50 ohms 


»So, to use Ohm’s law, we may put into words 
the rule : To find, how many amperes will flow in 
a circuit , divide the number of volts by the number 
of ohms. 

Example : How many amperes will flow 
through a conductor that has 25 ohms resistance 
when we apply to it an electromotive force of 200 
volts ? Here E — 200, R =25 ; therefore, dividing 
200 by 25 we get as the answer 8 amperes. 

Calculations by Ohm's Law. We can 

change Ohm’s law into another form for use 
in some other problems ; for, by transposition it 
becomes : 

E t> volts 7 

— - — R ; or, = ohms. 

(J amperes 

Or we may put this into words as follows : 
To find the number of ohms of resistance ofjered 
by any conductor, divide the number of volts 
applied to it by the number of amperes that result 
as current in it,. 

Example : How many ohms of resistance 
has a wire, if it is such that on applying to it 
40 volts we find that the current through it is 
12 amjieres ? Here E — 40, and C — 12. 
Therefore, dividing 40 by 12, wc find the answer 
to be 31 ohms. 

There is another useful transformation of 
Ohm's law, as follows : 

C x R - E ; 
or, 

amperes x ohms = volts ; 
which we may put into words, thus : To 
find the number of volts needed to drive a prescribed 
amount of current through a conductor of known 
resistance multiply the number of amperes by the 
number of ohms through which they are to be 
driven. 

Example : How many volts of electromotive 
force are needed to drive 40 amperes through 
a resistance of 2£ ohms ? Here C = 40, and 
R = 2J. Multiplying 40 by 2£, we find as the 
answer 90 volts as the needed electromotive force. 
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Further Examples. The following 
examples, with their answers, are given for 
practice in working : 

1. A glow-lamp of resistance 240 ohms is 
placed across live electric mains, having a voltage 
of 100 volts between them. How much current 
will it take from the mains? Answer: 0*42 
ampere. 

2. It ^ was observed that when wires from a 
battery of accumulators whose voltage was 
80 volts were applied to excite a certain electro- 
magnet, the current which flowed (as measured 
by amperemeter) was 10 amperes. What was 
the resistance of the coil of that electromagnet ? 
Ansu)er : 5 ohms. 

3. The armature of a certain dynamo is known 
to have a resistance of 0*025 ohm. How many 
volts will be needed to drive 300 amperes through 
that resistance ? Answer : 7*5 volts. 

4. A certain line for electric transmission 
of power was constituted by two conductors, 
each 110 miles long, each offering 75 ohms 
resistance. How many volts will be required 
to drive 20 amperes through these conductors, 
if the current go through one line and return 
through the other ? Answer : 3,000 volts. 

Resistance of a Conductor. Tt is 

obvious that a wire of given material and thick- 
ness will offer a resistance that, depends on its 
length. The longer the wire the more it resists. 
A little thought w ill show' that if we have wires 
of the same length and same material, but of 
different thicknesses, the one that is thicker 
will be a better conductor, as it has a larger 
cross-section to carry the amperes ; just as a 
larger pipe will carry a larger flow of water. 
In fact, the resistance of a conductor is inversely 
proportional to its area of cross-section, other 
things being equal. As most conductors in 
electrical engineering are made of copper, it 
will be convenient to remember this fact. — that 
a bar of copper 1 ft. long and 1 sq. in. in cross 
section offers a resistance (at ordinary tempera- 
tures) of eight one-millionths of one ohm — i.e ., 
0*000008 ohm. Hence, if we know the length 
(in feet) and the cross-section (in square inches) 
of any copper conductor wc can calculate its 
resistance. As an example, let us take 1 ,000 ft. 
of a No. 19 S W.G. copper wire, which has 
a diameter of 0*040 in We must first find its 
cross-section by the rules of mensuration, by 
squaring the diameter and multiplving by 
0*7854. So wo have : 0*040 x 0*040 X 

0*7854 = 0*00 1250. Then a piece 1 ft. long 
will have a resistance of 0*000008 -i- 0*001250 
— 0*00637. We divide l>ecause the resistance 
varies inversely as the cross-section ; and there- 
fore, this wire, which has a section of about 
^,7 of a square inch, will, for equa’ length, 
resist about 800 times as much as a conductor 
that has a section of 1 sq. in. Then, if this 
be the resistance of 1 ft., multiply by 1000 to 
find the resistance of 1000 feet ; giving the 
answer 6*37 r hms. 

The resistivity of copper — and, indeed, that 
of all pure metals — increases if they become 
warm. If ice-cold, the copper rod 1 ft. long and 
1 sq. in. in section would have a resistance of 
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By Dr. A. T. 

I ET us make a careful review of the aotual 
^ process of digestion. We shall try to 
remove the mystery from this function, and 
give a clear and intelligible picture of what 
digestion really is. It may facilitate progress 
and make the picture more graphic if, instead of 
speaking in the abstract, we take some actual 
article of food and follow it in its mission of 
sustaining the human frame. Perhaps wc 
cannot do better than select that peculiar and 
prehistoric fossil food that so fascinated Dickens 
at Mugby Junction, as it stood in its glass case 
for inspection — the ancient British sandwich. 

Every Variety of Human Food. It 
is a painful thought, but none the less true, 
that this weird article actually contains within 
its own arid compass every variety of human 
food. These varieties are four — proteids , carbo- 
hydrates, hydrocarbons , and mineral food. We get 
the proteids in the meat, however dubious its 
origin ; the carbohydrates in the bread, however 
sawdusty ; the hydrocarbons in the certain fat 
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blood, and thus circulated through the body 
No substance can be considered as food unless 
it is capable of solution by the digestive fluid, 
so as to reach the blood. Such substances as cork, 
stones, fruit-skins, etc;., pass through the body 
unchanged. The one fact essential to remember 
is that digestion means dissolving. 

As the digestive tube has no direct communica- 
tion in any part with the body, all food placed 
within it is still practically outside the body — 
just as a train in the Thames Tunnel is not in 
the river — and the whole purpose of the digestive 
process is to dissolve the food inside this tube 
so that it can pass across the walls and into 
the vessels outside. We will see how this is 
effected. We have already seen that, setting 
aside minerals and liquid food that require no 
digestion, being already soluble, we have carbo- 
hydrates, proteids, and fats. Observe, then, that 
the mouth digestion, or oral digestion , is for 
carbohydrates ; the stomach, or gastric digestion , 
for proteids ; and the intestinal digestion for fats. 



86. STAGES OP THE DIGESTIVE PROCESS 


and very uncertain butter ; and the mineral 
food in the liberal salt, which creates a thirst 
that is almost unquenchable. 

Nothing more than this is wanted for human 
sustenance ; and it is quite conceivable that a 
man, with unlimited drink, could sustain Nature 
for an indefinite time on sandwiches alone. It is 
not recorded that anyone has actually done so 
in practice. 

At the present day we have advanced so 
rapidly that travellers may search in vain for 
the interesting fossil that Dickens described, for 
it iB often replaced with appetising and dainty 
modem substitutes. It still lingers in the glass 
case, however, at certain country junctions, 
where it helps lovers of the antique to refresh 
their memories of the “ good old times.” 

Wo shall now consider how this sandwich is 
prepared to be turned into flesh and blood by 
the tissues. The process is called digestion, 
and consists essentially in dissolving all articles of 
food so that they can be introduced into the 
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In other words, the salt in our sandwich, being 
soluble, requires no digestive process, but passes 
straight into the blood, leaving the bread, meat, 
and fat to be dealt with. How the process is 
effected in each case we shall consider in detail, 
and the diagram [861 will help us. 

The Importance of Cooking. The food, 
whether liquid or solid, enters the body by the 
mouth at the rate of about 2 lb. of solid and 
2 quarts of liquid per day. The first important 
aid to digestion is cooking , which acts by render- 
ing the fibres more brittle in meat, and in starchy 
food by swelling up and bursting the covering of 
the starch grain. We can see the importance of 
this. The starch grains are packed in hexagonal 
capsules — as they always are in grain — which are 
formed of a tough fibrous material called cellu- 
lose. As long as the grains are in these capsules 
the digestive fluids cannot reach them easily. 
Cooking, however, softens, swells, and bursts 
the cellulose walls, and sets the grains free, when 
they art' readily changed into sugar. 
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In the mouth two changes are effected in 
the Bolid food. In the first place, it is ground 
and cut up into small pieces by the teeth, so as 
to afford ready access to the digestive fluid ; and, 
secondly, it is mixed throughout with saliva, 
which has the power of changing starch into 
sugar. Saliva is produced at the rate of about 
a quart a day, one-third being secreted during 
ana by mastication, and two-thirds at other 
times. It dissolves any soluble portion of the 
food, moistens the rest, and by means of the 
mucin mechanically lubricates it and renders it 
easy of deglutition. Its chief action, however, 
is chemical, and is due to the minute amount 
of ptyalin it contains. 

A Vital Factor. Ptyalin, discovered in 
1831, is one of a large number of bodies known 
as ferments, which, by their presence alone, and 
without undergoing any change themselves, 
enable changes to take place in the substance 
acted upon, generally in the form of the addition 
or subtraction of a molecule of water. Although, 
therefore, only a trace of ptyalin is found 
in saliva, it never gets used up or loses its power, 
but is capable of acting upon any amount of 
material. It is an unorganised ferment (like 
the diastase in barley), and the action is, there- 
fore, chemical. Yeast is an organised ferment, 
and is certainly vital in action. The process of 
fermentation is retarded or prevented by cold ; 
and while heat above 140° F. generally destroys 
the ferment, 212° is certain to do so. 

Starch grains, as we have seen, consist of two 
parts — a covering of cellulose upon which ptyalin 
cannot act, and which does not colour with 
iodine, and particles of granulose, or true starch, 
which colour blue with iodine. Saliva cannot, 
therefore, digest unboiled starch; hence the 
necessity of boiling all starchy food long enough 
to burst the oo vering and set the granulose free. 

The aotion of saliva is assisted by moderate 
heat, by a neutral, or slightly alkaline medium, 
and by the removal of the digested product — 
sugar. It is retarded by cold, aoids, or strong 
alkalies, and the presence of much sugar. It is 
destroyed by high temperature. 

Observe here that the mouth digestion is 
neutral , the stomaoh digestion acid , and the 
intestinal digestion (pancreatic) alkaline . 

Saliva has no action on proteids or fats, or 
on sugar, gum, etc. The saliva has no digestive 
power before the sixth month, hence flour foods 
cannot be digested by infants under that age. 

The Transformation of Food. About 
half of staroh food is digested in the mouth, 
if properly masticated. We see that the 
oral, or mouth digestion, really concerns only 
the bread of our sandwioh, leaving the meat 
and fat unchanged; and the result of this 
oral digestion properly carried out is to change 
the bread into sugar. Anyone who doubts this 
has only to ohew an old crust until it* gets 
intolerably sweet Here we get a glimpse of 
the resources of Nature and tee way (to use 
a golfing term) she gets round “bunkers” 
she cannot get over. Starch is insoluble in 
water. We may keep a crust immersed in 
water indefinitely, ana it will never dissolve. 
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Ptyalin is therefore placed in the mouth 
to change Btarch into a soluble substance — 
sugar. It may also be noted that sugar itself 
requires no digestion, being a soluble substance ; 
but articles that require no digestion, through 
being soluble, may yet, from other reasons, 
cause violent indigestion. To be soluble is 
not always to be wholesome. Alcohol is an 
example. 

Our sandwich, cooked and carved, is taken ' 
into the mouth, and, if properly chewed, the 
bread is partly turned into sugar, tee dry and 
arid substance is broken up and moistened 
throughout, formed into a mass, or bolus, 
coated as it passes into the throat with a sort 
of glycerine, and propelled down the gullet 
into tee stomach. 

Gastric digestion, or digestion in the stomaoh, 
consists of two processes — the solution of the 
proteid, or meat food, by the digestive fluids, 
and the constant movement of the food, which 
corresponds partly to mastication. Let those 
who are inclined to bolt their food remember 
that the stomach has no teeth, nor have human 
beings any gizzards, which are a substitute in 
some animals for teeth. 

Digestive Fluid. The gastric juice is 
the digestive fluid of the stomach, and is 
produced, at the rate of about one gallon 
daily, by the glands we have already con- 
sidered. It is a clear, colourless fluid, of 
sour taste and odour, with a specific gravity 
of 1001. The chief function of the gastric 
juioe is first to coagulate and convert insoluble 
proteids into soluble peptones that can pass 
easily across the wall of the digestive canal. 
It is essentially an acid digestive, and cannot 
work in a neutral or alkaline medium. It acts 
like saliva, by means of a ferment called 'pepsin. 
The action on proteids is in at least two steps. 

Before tee food comes into the stomach, from 
its presence in the mouth, and sometimes even 
from its mere smell, or the anticipation of it, the 
empty stomach, pale and nearly dry, is affected 
by the reflex action of the sympathetic and 
pneumogastric nerves, and begins to blush a 
rosy red as the capillaries become distended 
with blood. Very soon drops of digestive 
fluid begin to ooze out from the pits, or glands, 
all over the surface, and before long a little 
pool of clear gastric juioe is collected. The 
softened food, thoroughly mixed throughout 
with saliva, the action of which still continues 
until neutralised in the stomach, enters from 
the gullet at the cardiac end of the stomach, 
and immediately the movement of the stomach 
begins, while more gastric juioe is poured 
forth. The cardiac entrance from the oeso- 
phagus is tightly dosed, as well as the 
pyloric valve at the outlet of the stbmach, the 
muscular walls oontract on the contents, and 
a peristaltic, or spiral wave of motion begins, 
getting more rapid as digestion goes on. The 
effect of this is to propel the food rapidly from 
left to right along the sides, while it returns 
in another current along the middle. 

Every bit of the food is thus thoroughly 
exposed to tee action of the gastric juioe. The 
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value of this part of the digestive process is 
seen by experiment. A piece of boiled salt 
beef took ten hours to digest artificially with 
gastrio juice ; part of the same piece took only 
two hours inside the stomacn, where this 
violent movement was combined with the 
chemical action. The length of the digestive 
process varies with the food taken. It averages 
four hours. Easily digested artioles, such as 
tripe, take one hour. Pork takes five or six hours. 

Dissolution of Food. The semi-fluid 
contents of the stomach during digestion become 
more and more acid, and it is t>elievod that 
this relaxes the pyloric valve, hitherto tightly 
closed, so that at first the 
liquid, then the non-liquid parts, 
pass through into the duodenum, * * - 

and the second great section ' , ' * 

of the digestive process is com- ~ 7 

pleted. - * 

Here, then, the second of the 
throe great constituents of our 
sandwich is dissolved. The 
meat, which is insoluble, is 
formed by the ferment pepsin 
into peptones, which are soluble, 
exactly as starch is made into 
sugar, by chemically combining 
it with one molecule of water. 

The actual process is in two 
steps. Gastric juice, besides 
pepsin, contains 2 per cent, of 
free hydrochloric acid, and this 
acting on the proteids, or meat, 
makes it first into syntonin , or 
acid albumen. Then this is 
acted on by the pepsin, takes 
up a molecule of water, and 
becomes peptone, or liquid 
meat — a very different 
article, by the way, from 
beef-tea. 

This action is aided by 
heat, acid, sub-division of 
the food, and its removal 
as soon as dissolved into 
the bowel, or duodenum. 

Tt is retarded by cold, 
alkalies, great masses of 
food, and over-repletion 
of the stomach. 

After use, the gastric 
juice is reabsorbed. By 
this time our sandwich has decreased in size. 
We have supposed it to have been taken into 
the mouth all at once, as is often done by hurried 
passengers at railway stations. 

The salt, all dissolved in the mouth, and half 
the bread, changed into sugar, has soaked through 
into the blood. The meat, changed into pep- 
tones, has followed. Only half of the bread and 
the fat passes on if the process is completed so 
far. Often, however, it is only partially carried 
out, and so more goes forward into the duo- 
denum. The “ soaking through ” is by two 
methods — filtration and osmosis . Filtration is 
fluid passing across the membranous wall 
under ‘pressure. Osmosis is where two fluids 
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interchange that can mix (not oil and water). 
Crystalline substances — sugar, salt, etc., filter out 
readily. Colloid or gummy substances, such as 
starch and meat, do not. The osmosis is in two 
parts. The positive osmosis is the flow at first of 
digestive fluids into the cavities — mouth, sto- 
mach, etc. — and the second is the negative 
osmosis, or the flow out into the blood-vessels of 
the digestive products. 

One question of interest is why the stomach 
does not digest itself, seeing its walls are formed 
of proteids. The best answer that has been given 
is based on the circulation of the blood in its 
walls. The blood first of all supplies the digestive 
glands, that take from it the 
hydrochloric acid, leaving the 
soda in the blood, which is thus 
. * abnormally alkaline, as it passes 

* “ into the surfaoe capillaries of the 

mucous membrane. It is be- 
lieved that this alkalinity of the 
blood circulation acts as a special 
protection against the digestive 
power of the acid gastric juice. 

The Intestinal Diges- 
tion. In the duodenum — which 
we have already considered 
— wo get two digestive fluids — 
the pancreatic juice and the bile. 
The former is the most potent 
digestive in the body. 

It contains at least four dis- 
tinct ferments : 

1 . To act on starch — amylopsin. 

2. To act on proteids — trypsin. 

3. To act on fat— 

steapsin. 

#*** 4. A milk-curdling 

[we*.' v/ ic/ k v/uj ferment — rennin. 
a,au/*al r'** The bile , from the 
liver, has several ac- 
tions on the food. In 
some animals, and very 
slightly in man, it has the 
power of changing starch 
into sugar. It has no action 
on proteids, but it renders 
the gastric juice neutral, and 
precipitates the peptones. It 
slightly emulsifies fat — t.e., 
breaks it up into globules— 
but does not saponify it — 
t.c., coat it with soap — and 
acts more powerfully when mixed with the 
pancreatic juice. By bathing the intestinal 
walls, it greatly assists the passage of the fat 
globules across them. It is an antiseptic and a 
natural laxative, assisting contraction of the 
intestines. Not more than one -sixteenth of the 
bile secreted is excreted, and this contains very 
little of the bile salts. 

The succus entericus , or intestinal juice, may 
be called a third digestive fluid, and is principally 
the product of the glands of Lieberkiihn. It is a 
yellow alkaline fluid of specific gravity 1011, con- 
taining 2 ‘5 per cent, of solids, largely sodium car- 
bonate. It has a slight power of changing starch 
into sugar. Otherwise it has no active properties. 
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We shall now follow our sandwich, which, in 
the form of acid chyme, has entered the duo- 
denum through the pyloric valve in the third 
section of the digestive process. 

The passage of the chyme over the common 
orifice of the bile and pancreatic juice at once 
produces a copious flow, and the acidity of the 
fluid begins to be neutralised. It does not, 
however, become alkaline till about the middle 
of the small intestine, and it gradually becomes 
acid again after this, especially in the colon. 

Complete the Work of Digestion. 

Any cane sugar in the chyme is almost 
instantly changed into a more soluble form ; any 
undigested and even uncooked starch is made 
into sugar, proteids into peptones, and the fats 
into a fine emulsion of a soapy nature by the 
combined action of the bile and pancreatic juice. 

In short, in the duodenum the work of digestion 
is completed, and any food left unchanged by the 
imperfect action of mouth or stomach is changed 
here, mainly by the pancreatic juice, the meat by 
the trypsin ferment, the starch by the amylopsin, 
the digestion here Innng strongly alkaline, in 
contrast to the stomach, which is acid. 

We have noticed that the fat is formed 
into an emulsion by the action of the 
ferment stmpsin and bile. An emulsion 
is a fluid formed by shaking oil up with 
an alkali. This causes it to break up 
into tiny, microscopic globules, each 
coated with a soapy covering (saponifi- 
cation) derived from flu* alkali, and 
these, reflecting flic light, make it 
white and opaque, instead of yellow 
and transparent. Milk is an emul- 
sion, and buf fer is an oil. Cod -liver 
oil is a yellow fluid ; shaken up 
with an alkali (Roda) if becomes an 
emulsion, and is opaque and white, 
and much more digestible. This 
fine sub-division is a first step in 38. course of food from 
that incredibly difficult process, the mouth to heart 
digestion of fat, and is equivalent 
to the fine sub-division of the food by the knife 
and the teeth. 

The difficulty of fat is that it is oily, and no 
process of filtration or osmosis can pass it 



in the duodenum, and about 50 in the rest of the 
small intestines. There are about 4,000,000 in 
all. They vary in form according as they are 
full or empty. 

Each is composed of a central tubo [37], 
communicating below with the lacteal and 
lymph vessels in the intestinal walls, and ending 
above in a blind extremity. This tube is sur- 
rounded by a thin layer of longitudinal muscle 
fibre, which in turn is surrounded by blood 
capillaries, in loose connective tissue, then a 
fine basement membrane on which, at the 
surface of the villus, is a single layer of columnar 
cells. The free surface of these cells has a fine 
striated border. These stria? have been sup- 
posed to be really processes like the sea 
anemone’s tentacles. They grasp the globules 
of fat and pass them into their interior. The 
fat is then supposed to be conveyed across to 
the lacteal in the centre. This, however, has 
never been fully confirmed, and more recent 
observation favours the idea, supported by the 
behaviour of leucocytes elsewhere, that leu- 
cocytes emerge between the epithelial cells, 
swallow the fat globules, and then 
convey them across by their own 
amoeboid motion into the lacteal. 
There may be truth in both views. 
Anyhow, the fact remains that the 
fat globules are rapidly conveyed 
by positive vital action, and not by 
filtration or osmosis, after being 
still further sub-divided, into the 
central tube, which, when full, is 
pulled down and squeezed empty 
by the muscles surrounding it, and 
then springs up empty, to be 
refilled, the fat passing away into 
the lymph as a white lluid known 
aw chyle. 

Inexhaustible Resources of 
Nature. We may pause a moment 
to take in this marvellous process, 
showing the inexhaustible resources 
The fat is first melted to oil 
then sub-divided into 


through a watery membrane into the blood. 
Mechanically and chemically it is impossible. 
Here, then, vital action has to be invoked, and 
the digestion of the fat of our sandwich differs 
in principle from that of the bread or meat, 
in that while these were mechanical and chemical, 
this alone is truly vital, as we shall see. 

Four Million Tubes. While, therefore, 
all the sugar and peptones, l>eing of a watery 
nature, can now freely pass into the network 
of capillaries through the mucous membrane 
of the intestine, the globulefe of fat, small as 
they now are, cannot possibly, owing to their 
nature, diffuse in this manner. A very special 
apparatus exists for their absorption. 

We have already noticed the rounded elevations 
of the mucous membrane that project like fingers 
into the intestine [87]. They a'serage about a line 
( ^th of an inch) in length, and about 80 oi 
90 to a square line (or 11,000 to a square inch) 
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by the body heat, men suo-aiviacd into a 
perfect emulsion, in which state it is brought 
to these four million elevations the tiny cells of 
which greedily seize the globules and pass them 
into an empty central tube. Immediately it 
is full this tube, wonderful to say, automatically 
contracts, and forces the chyle, or emulsified 
fat, not into the blood, but into another system 
of vessels altogether — the lymphatics — to be 
eventually delivered by a further marvellous 
process into the blood. We thus see that the 
digestion of the broad and meat is by chemical 
action in each case, one molecule of water being 
added to the food to make it soluble, but in fat 
action is vital. 

As the contents of the small intestine axe 
forced on by the slow peristaltic action of the 
bowel, all the digested part of the food gets 
absorbed — the sugar and peptones into the blood, 
to be carried to the liver, the fat into the 
lymphatics, and the undigested residue passes 
on into the colon. The food remains from 
3 to 12 hours in the small intestines, and from 



12 to 24 hours in the large intestines. Here 
the principal function is to draw off the remain- 
ing water, and the solid residue is excreted at the 
rate of afco Jt half a pound a day. This com- 
pletes the third, or intestinal digestion, and the 
vhole process. 

Four Great Divisions of Food. We 

must now follow the sandwich, which has at 
length left the alimentary canal and entered 
the vessels outside, where it is further prepared 
for use before it enters the general blood 
current. Of the four great divisions of human 
food three — the carbohydrates, or sugar, the 
proteids, or peptones, and the salts and water, 
or minerals — enter the blood capillaries. 

All the capi'laries of the digest 5 ve system 
from the stomach, and the whole of the intestines 
down to the rectum, arc collected into one large 
vein, called the 'portal vein , which runR to the 
liver, thus conveying three-fourths of the 
digested food. 

The fat alone has a different destination. It 
does not enter the blood-vessels directly, but 
finds its way by means of the villi into the 
lacteah , which empty themselves into the 
general lymphatic stream. 

These are so called because the lymph here, 
being mixed with finely-divided fat, closely 
re embles milk (Lar ^ m dk). 

To make the difference clear, we may say, 
speaking of our own bodies, that when the 
four articles of food leave the digestive system 
three of them, the sugar, meat, and salts, turn 
to the right into the livei : while the fourth, the 
fat, turns to the left in the lymphatic system. 

We propose now to follow the foods through 
the liver, and then the fat through the lym- 
phatics [38]. 

The meat, in the first place, enters the liver 
in the form of unpurified peptones — liquid 
digested meat, laden, however, with albumoses 
and other deleterious products, which are formed 
in the process of the acid digestion in the 
stomach, and the alkaline digestion of the 
duodenum. 

The Liver. The business of the liver is to 
purify the peptones from these bodies, so as to 
render them fit to nourish the body. When it 
fails to do this, the body gets poisoned, and we 
have a bilious attack. 

Tn the next place the sugar has to be dealt 
with in a remarkable manner. Sugar is such 
a vital and important food that it must be 
supplied to the hungry tissues with great 
regularity in a certain proportion every moment, 
day and night. How is this to be effected 
when it is only eaten in any shape two or three 
times a day ? The peculiar glycogenic func- 
tion of the liver is the answer. 

Glycogen is an animal starch, formed in 
quantities in the liver from the sugar received 
into the blood by removing from it the molecule 
of water that was added to it in the starch 
digestion to make it soluble, thereby rendering 
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it again insoluble. This is stored up in the liver, 
to be dealt out by re-dissolving it as required. 

Glycogen is formed slowly from proteids as 
well, probably by splitting them up into 
glycogen and urea. It is found that only half 
as much glycogen is found in the liver on a pure 
meat as on a mixed diet. 

The object of the formation of glycogen, 
which is not diffusible, is clearly to store up 
the soluble sugar in the liver, thence to be 
re- made as required into glucose. 

During digestion more sugar enters the liver 
than leaves it, but in the intervals twice as 
much leaves it again as enters it. 

Glycogen has been found in small quantities 
in other tissues of the body. The sugar is 
finally consumed by the action of the muscle 
cells, and passes away as water (H 0) and 
carbon dioxide (GO j). 

Another function of the liver is the formation 
of bile. The first function, when more fully 
understood, will probably be seen to bo of great 
importance in connection with the general 
question of avtoaepnH, or self-poisoning, whi"h 
is believed to be more common than is generally 
supposed. 

The blood that leaves the liver by the inferior 
vena cava (the hollow vein), and thus enters 
the heart, is laden with the purified peptones 
into which the meat of our sandwich has been 
converted, and with the requisite proportion 
of sugar derived from dissolved glycogen, into 
which the bread of the sandwich has been 
changed. We will consider its further destina 
tion later on. 

How the Food Reaches the Heart. 

It remains for us now only to trace the 
dissolved fat, or chyle, to its end. When it 
enters the laeteals, or “ milky ” vessels, they 
pour it with other fluid into the lymphatics, 
which join together and mike their way to the 
left side of the body, till they enter a reservoir 
some 2 in. long in vertical height and neirly 
l in. broad, called the receptaculum chyli % or 
the receptacle for the chyle. From the top of 
this ascends a fine tube 15 in long, called the 
left thoracic duct , which open* into the loft arm 
vein, just behind the collar-bone. This vein 
carries the blood into the superior vena cava 
(hollow vein), and so into the heart. 

The chyle in the reservoir is pumped upwards 
along the thoracic duct by the action of 
respiration, and by movement, and so the fat is 
poured into the blood, and at length, when it 
reaches the heart regions, the rest of the digested 
sandwich, that has been brought there by the 
other vein from the liver. 

Such are the wonderful steps by which all 
food is carried from the mouth to the heart ; 
and when the difficulties and complicated nature 
of the process is fairly grasped, it may lead to 
some increased care in eating, so ns not to 
embarasa unnecessarilv the natural process by 
unsuitable food, taken in an improper manner, 
or in excessive quantities 
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is worthy of note that the Drama in 
England, so often and long condemned by 
the puritanical, is not only one of the world’s 
oldest and noblest arts, but had its origin in 
religious worship. The art which produced in 
Shakespeare the greatest genius of all time was 
in anoient Greece an evolution of pagan cere- 
monial and in its modem revival it might be 
described as a graft on the priestly propaganda 
of mediaeval times. We cannot, of course, 
attempt any study of the Greek drama, which, 
to be made thoroughly intelligible, would 
require well-nigh as much detail of treatment 
as our scheme permits our giving to the whole 
body of English poetry. We can allow our- 
selves only such incidental references as may be 
necessary in discussing English drama. But 
let us be clear on this point : the art of the 
dramatist, both in the ancient and the modem 
world, has attracted the mightiest intellects ever 
devoted to creative literature, and, in proportion 
to the whole body of the drama, the works of 
absolute genius which it contains outnumber 
those in any other division of literature. 

The Place of Drama in Literature. 
It is necessary to state this in the most em- 
phatic manner, because there still exists to a 
surprising extent a considerable measure of 
prejudice against everything associated with 
the theatre ; the legacy, on one side, of 
puritanism, and the outcome, on the other, of the 
present debased condition of the English drama, 
which has long ceased to be literary and does not 
give to the playgoers of our time any inkling of 
a glorious art. Broadly speaking, our drama is 
to-day in much the same condition as English 
poetry during the barren age that separates 
Spenser from Chaucer, and it is to the written 
page alone, and not to the theatre — excepting 
Shakespearian revivals — that we must turn to 
study the drama. It may be said that this 
is as it should be, since the dramatist, not less 
than any other poet, is for the study. But 
the fact remains that what is called “ a 
drama for the closet ” is no drama at all ; the 
play which cannot be acted is for that reason 
no play, and equally the play which is only 
tolerable when acted is not literature. Of 
these two, the former class is of more interest 
to us as students of literature than the latter, 
to which we need give no attention whatever. 

If we bear these points in mind there will be 
no need to enter into any minute explanations 
of the varying qualities of dramatic literature 
as we proceed with our study. 

The Rise of the Drama. We turn now to 
what is our chief inheritance from the Elizabethan 
age — its dramatic poetry. Our drama might 
almost be said to have begun and ended in one 
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great burst of glory; for if all that has been 
written since the last of the Elizabethans, with 
two or three exceptions, were to be wiped away, 
our dramatic literature would not be greatly 
impoverished. The evolution of the English 
drama is sometimes ascribed to the old 
“ mysteries ” invented by the mediaeval clergy for 
the purpose of teaching the ignorant mob some 
smattering of Biblical knowledge, which crude 
representations of sacred history gave plaoe 
gradually to the “morality ” play, wherein the 
teachers of the people endeavoured to visualise 
before their dim intelligences the Christian 
virtues. From this it was but a step to the 
stage representation of the common life, and, 
as we have seen, that step had been taken before 
the*Teign of Elizabeth, Heywood’s interludes 
forming a link between the morality play and 
the drama proper. 

Early Dramatists. George Gascoigne 
(b. 1537 ; d. 1577) was one of the earliest 
dramatists and a poet of no mean place 
among the Elizabethans, his spirited satire, 

“ The Steel Glass,” being the longest and one 
of the most virile compositions in blank verse 
before Milton. But it is evident in his dramatic 
work that he was influenced not so much by 
the disappearing morality play as by the 
ancient classical drama, his “ Jocasta ” being 
an adaptation from the “ Phceniss® ” of 
Euripides, while his “ Comedy of Supposes,” 
whence Shakespeare borrowed for his “ Taming 
of the Shrew, ’ was a prose translation of 
Ariosto’s comedy, “ Gli Suppositi.” Indeed, 
it is hardly correct to speak of any “ link ” 
between the modern drama and the morality 
play, as in all countries the rise of the drama 
was the outcome of a revival of learning which 
led the writers to look back across the ages and 
to find their models in the ancient classical 
drama, the machinery of the stage, however, 
being ready to their hand as it existed for the 
purpose of the “ moralities.” The first regular 
comedy in our language, “ Ralph Roister 
Doister,” by Nicholas Udall (b. 1506; 

d. 1556), Master of Eton, was modelled on 
the comedies of Plautus and Terence, while 
Sack vi lie and Norton’s “ Gorboduc,” our 
first regular tragedy, produced on 18th 
January, 1562, was modelled on the tragedies 
of Seneca. 

Scholarship and Character. Comedy 
shaped itself into true dr&m&tio form earlier 
than tragedy, and the art owed well-nigh as 
much to such writers as Greene and Peele as 
tragedy did to Marlowe. Most of the early 
dramatists were poet-scholars, men who had 
been educated at Oxford and Cambridge, and 
who, to their knowledge of classical models 
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added a racy intimacy with the life of the 
day, whioh enabled them, while observing the 
anoient ideas of dramatic construction, to appeal 
to the oommon people with subjeots of living 
interest. In fact, these men of rare wit and 
scholarship were sadiv too familiar with the 
life of their times, and their biographies, so far 
as we can ascertain them, are for the most part 
melancholy records of lives untimely sacrificed 
to debauchery; sometimes, as in the case of 
Greene, utterly at varianoe with the ethical 
standards of their writings. It is noteworthy 
that Shakespeare, the great king of them all, 
was almost the only one who had no university 
training, and, in the then accepted definition 
of scholar, could rank with few of his contem- 
poraries. He, too, was among the lesser group 
who showed a better balanced character, and 
in his own life observed a standard of conduct 
which to-day would have made him a person 
of almost suburban manners. 

Lyly, Peele, and Greene. We shall 
not endeavour to enter in any detail into 
a chronicle of the early drama, and shall 
deal with the artists rather than the art, and 
even so, with only a few of the more notable 
of the dramatists. Among these some mention 
must be made of John Lyly (b. 1553 ; d. 1606), 
as his name is, for other reasons than his talent, 
conspicuous in the early Elizabethan period. 
He was not a dramatist of any great ability, his 
comedies in prose and verse being unworthy of 
attention to-day except from the close student 
of the Elizabethan drama. He had a lyrical 
rather than a dramatic gift, some of his songs 
in his plays being wholly delightful. We shall 
have occasion to consider his work in more 
detail when we come to deal with the origin of 
modern prose. George Peele (b. about 1558 ; 
d. 1598) made more valuable contributions to 
comedy, though his plays are stronger in 
poetic fancy and form than they are in dramatic 
construction. His comedies, such as 44 The 
Arraignment of Paris,” and “ The Old Wives’ 
Tale,” are as pretty and engaging as his tragedies, 
such as 44 The Battle of Alcazar,” are bombastic 
and preposterous. Robert Greene (b. 1560 ; 
d. 1592) was a poet of very similar gifts to his 
boon companion Peele. A follower of Lyly as 
a novelist, the best of his genius is to be seen 
in the beautiful lyrics which are introduced 
in his prose romances and his plays. Perhaps 
the most noteworthy of his dramatic pieces is 
“ Friar Bacon and friar Bungay.” While both 
Peele and Greene have no great interest for 
the general reader, any student desiring to 
familiarise himself with this period of our drama 
must neglect neither of these writers. Although 
not strictly in place, we cannot refrain from 
quoting some lines from Greene’s 44 Farewell to 
Folly, as illustrative of his lyrical poetry : 

“ Sweete are the thoughts that savour of 
oontent. 

The quiet mind is richer than a crowne : 

Sweete are the nights in careless slumber 
spent, 

The poore estate soomes Fortune’s angry 
frowne : 


Such sweete content, such mindes, such 
sleepe, such bliss. 

Beggars enjoy, when princes oft doe miss.” 

Christopher Marlowe. The first great 
name, however, the real herald of the English 
drama, was Christopher Marlowe (b. 1564 ; 
d. 1593), one of the most melancholy figures 
in our literary history. Had not he fallen 
a victim to a vicious and irregular life at the 
early age of twenty-nine, he might, his 
splendid powers ripened and exercised with the 
restraint of maturer judgment, have stood no 
more than a step behind Shakespeare himself. 
Indeed, when Marlowe was killed in a wretched 
tavern brawl Shakespeare’s dramatic genius 
was still in the bud, though both poets had been 
bom in the same year. Marlowe was the son 
of a poor Canterbury shoemaker, and may have 
owed his education at Cambridge University 
to some wealthy relative. He graduated M.A. 
in his twenty-fourth year, but two or three years 
earlier he is supposed to have been in London 
intent on becoming a dramatist. Records of 
the production of his works are somewhat 
confused, none of the plays being printed in his 
lifetime. “ Tamburlaine the Great,” supposed 
to have been his first, though disfigured by 
much bombast and fustian, is alive with real 
drama, and its style is instinct with poetic feeling. 
His other chief works are “ Doctor Faustus, 
“Edward II.,” “The Jew of Malta,” and “The 
Massacre at Paris.” It is generally agreed that 
“ Edward II.” is the best historical play in our 
language after Shakespeare, and Charles Lamb 
is not unduly enthusiastic when he says, “ the 
reluctant pangs of abdicating Royalty in 
Edward furnished hints which Shakespeare 
scarcely improved in his 4 Richard II.,’ and the 
death scene of Marlowe’s king moves pity and 
terror beyond any scene, ancient or modem, 
with which I am acquainted.” 

Marlowe’s “Doctor Faustus.” His 

greatest work is “Doctor Faustus,” founded 
on the legend of the German magician who, 
for twenty-four years of unrestrained life, 
sold himself to the devil both body and soul, 
which is also the theme of the greatest poem 
of modem times, Goethe’s “ Faust.” “ There 
is,” says Hall am, 44 an awful melancholy about 
Marlowe’s Mephistopheles, perhaps more 
impressive than the malignant mirth of that 
fiend in the renowned work of Goethe. But 
the fair form of Margaret is wanting ; and 
Marlowe' has hardly earned the credit of 
having breathed a few casual inspirations into 
a greater mind than his own.” Neither of the 
other two productions we have named is 
worthy of the poet’s undoubted genius, and 
perhaps the opinion of Thomas Warton, the 
erudite historian of English poetry, gives 
the best critioal summary of Marlowe’s work: 
44 His tragedies manifest traoes of a just dramatic 
conception ; but they abound with tedious and 
uninteresting scenes, or with such extravaganoes 
as proceeds from a want of judgment, and those 
barbarous ideas of the times over whioh it was 
the peculiar gift of Shakespeare’s genius alone 
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to triumph and to predominate.” Marlowe's 
plays are now little read, but every reader with 
any pretension to literary culture should at 
least be conversant with his “ Doctor Faustus ” 
and “ The Jew of Malta.” His beautiful lyric, 
“ The Passionate Shepherd to his Love,” will be 
familiar to most readers. 

William Shakespeare. If we were to 
ihear away every name in English dramatic 
poetry but that of Shakespeare, we could still 
?laim for it such pre-eminence, especially in 
tragedy — the highest form of drama — that not 
3ven the glorious art of Greece could be said to 
transcend it. Indeed, tragedy, which sprang 
from the worship of the god Dionysus, or 
Bacchus — the altar and the chorus of the pagan 
temple having their counterparts in the Greek 
theatre — and rose into supreme poetic form in 
the tragedies of iEschylus, Sophocles, and Euri- 
pides, may be said to have culminated in the works 
of Shakespeare : the four greatest tragedies in 
the world are “ Hamlet,” “ Othello,” “ Mac- 
beth,” and “ King Lear.” But it is the 
unmatched glory of William Shakespeare 
(b. 1564; d. 1616) that he achieved the highest 
in both tragedy and comedy. As Coleridge 
points out very aptly, Plato, in his “ Dialogue of 
the Banquet,” had two thousand years l3efore 
framed “ a justification of our Shakespeare ” 
when he argued that “ it was the business of one 
and the same genius to excel in tragic and comic 
poetry, or that the tragic poet ought, at the same 
time, to contain within himself the powers of 
comedy.” This in Plato was little short of 
prophetic, as it laid down a canon utterly 
opposed by all the ancient critics, and quite 
unsupported by any example from the Greek 
dramatists, to whom tragedy and comedy were 
incompatible elements, having but one quality 
in common — ideality. “ Both were alike ideal, ’ 
says Coleridge ; “ that is, the comedy of Aristo- 

K hanes rose to as great a distance above the 
idicrous of real life as the tragedy of Sophocles 
above its tragic events and passions ; and it is 
in this one point of absolute ideality that the 
comedy of Shakespeare and the old comedy of 
Athens coincide. In this also alone did the 
Greek tragedy and comedy unite ; in everything 
else they were exactly opposed to each other. 
Tragedy is poetry in its deepest earnest ; comedy 
is poetry in unlimited jest.” Thus we see at a 
glance why Shakespeare is in all the world of 
genius the most commanding figure ; his the one 
intellect which, while comprehending all human 
passions and emotions, could equally express all. 

Shakespeare’s Characters. Of course, 
no one will expect of us anything so audacious 
as an effort to condense within a page or 
two a study of Shakespoare. Betterton, the 
first really great tragedian, at the end of his 
oareer, when performing Hamlet for the last 
time, said that he had seldom in fifty years, and 
with all his continuous study, discharged that 
role without finding in the character some new 
beauty to express which previously he had not 
noticed, and this not less in his last performance 
of it. If this be true of only one of the multitude 
of characters created by Shakespeare, one might 
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devote a lifetime of study to his works, and leave 
them unexhausted at the end. Nay, many men 
of great and original talent have done so, and 
many more will followin their steps. For Shake- 
speare and his writings are not to be regarded as 
a great author and a department of study, but as 
a life and a literature. So limitless is the litera- 
ture which has grown around the name of Shake- 
speare in all the languages of European culture, 
that only a man of the ripest scholarship and 
linguistic attainments can hope ever to obtain 
more than a partial knowledge of this mighty 
genius. But that is in no way to deter the 
ordinary reader from entering upon the study 
and enjoyment of a series of "works which, if one 
read no others, would furnish the mind with the 
very essence of intellectual joy, and make its 
owner a person of culture. It is not the least of 
Shakespeare’s distinctions that he commands the 
devotion and lifelong service of the best scholars 
while he entertains the most ordinary reader and 
the common playgoer. 

“The True Enchanter.” Remember- 
ing our point of view, perhaps we cannot 
do better than commend Shakespeare in the 
memorable words of Washington Irving, written 
on his visit to Stratford-on-Avon: 

“ On returning to my inn, I could not but 
reflect on the singular gift of the poet ; to be able 
thus to spread the rnagic of his mind over the 
very faeo of Nature ; to give to things and places 
a charm and character not their own, and to turn 
this working-day world into a perfect fairyland. 
He is indeed the true enchanter, whose spell 
operates, not upon the senses, but upon the 
imagination and the heart. Under the wizard 
influence of Shakespeare 1 had been walking all 
day in a complete delusion. I had surveyed the 
landscape through a prism of poetry which 
tinged every object with the hues of the rainbow. 

I had been surrounded by fancied, beings ; with 
mere airy nothings, conjured up by poetic power, 
et which, to me, had all the charm of reality, 
had heard Jacques soliloquise beneath his oak ; 
had beheld the fair Rosalind and her companion 
adventuring through tho woodlands ; and, above 
all, had been once more present in spirit with fat 
Jack Falstaff and his contemporaries, from the 
august Justice Shallow, down to the gentle 
Master Slender and the sweet Anne Page. Ten 
thousand honours and blessings on the bard who 
has thus gilded the dull realities of life with 
innocent illusions ; who has spread exquisite and 
unbought pleasures in my ohequered path, and 
beguiled my spirit in many a lonely hour with all 
the cordial and cheerful sympathies of social 
life ! ” 

The Life of Shakespeare. Only in 
the most summary fashion can we nope 
to outline Shakespeare’s work ; nor is there 
need that we should do more, as the reader must 
familiarise himself with every poem and play 
from the master’s pen, as well as with those in 
which his share of authorship is a matter of 
speculation, and with various works of biography 
and criticism relating to Shakespeare. Although 
it is often said that some half-dozen foots are all 



that we possess with oertainty of the poet’s life, 
the untiring industry of biographers and critics, 
especially during last century, not only in 
England but in Germany and in France, has 
supplemented the few historical facts with so 
much inferential knowledge, that there is no 
difficulty in realising for ourselves an adequate 
conception of the man, and in understanding, 
to the best of our individual capacities, the 
poet. 

Shakespeare's Education. We have 
mentioned that almost alone among the 
Elizabethan dramatists — if we discredit the 
theory of Jonson’s training — Shakespeare was 
not a university scholar ; but it is fair to suppose 
that he received his education at the free school 
of Stratford, being under fourteen years of age 
when his father, who had hitherto been pros- 
perous and prominent in the public life of the 
town, fell upon evil times, and had to withdraw 
his son in order to put him to a trade. It has been 
thought that he v/as apprenticed to a butcher, 
though some critics, on the strength of the legal 
knowledge displayed in his works, have supposed 
him to have be m for a time an attorney’s clerk. 
But on similar grounds it might be argued that 
he had meant to be a gardener, or had thoughts 
of the ministry. He was not eighteen when he 
married Anne Hathaway, a yeoman’s daughter, 
eight years older than himself ; and three or four 
years later, now the father of three children, and 
a social failure in his native town, he came to 
London, where in 1 592 we find him an actor and 
a rising playwright. It is in this year that 
Greene, in liis “ Groatsworth of Wit,” jibes at 
him as a “ rude groome,” who “ supposes he is 
as well able to bumbast out a blankc verse as the 
best of you ” — the sneer of a practised dramatist 
at a younger and more promising member of his 
craft. 

Chronology of the Plays. Shakespeare 
attained to no great distinction as an actor, 
but his connection with the Rtagc brought 
him in the way of literary work in the shape 
of altering old plays, retouching the writings 
of other dramatists when the manager em- 
ploying him desired to revive their plays. 
Playwrights were then in the habit of selling 
to the theatrical managers for a few pounds 
the entire copyright of their plays, and as 
actors thought it prejudicial to their interests 
that the plays should be published, only a 
few plays of the period, an t these chiefly in 
unauthorised versions, were printed during the 
lifetime of their authors. None of those which 
Shakespeare revised could be “ old,” in the 
sense that now attaches to old plays, as the 
theatre itself was only in its infancy when 
Shakespeare was a young man, the first tragedy, 
“ Gorboduc,” as we have heard, having been 
written but three years before his birth. The 
chronology of his earlier dramatic works has 
undergone many changes at the hands of 
different critics, from Malone, in 1778, to 
Mr, Sidney Lee, in 1898, but there is no great 
difficulty in deciding upon the approximate 
order of the 37 plays attributed to him, 
or in distinguishing those of which he was only 
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part author. As Mr. Lee observes, “ the subject 
matter and metre both afford rough clues to the 
period in his career to which each play may 
be referred. In his early plays the spirit of 
comedy or tragedy appears in its simplicity ; 
as his powers gradually matured he depicted life 
in its most complex involutions, and portrayed 
with masterly insight the subtle graduations of 
human sentiment and the mysterious workings 
of human passion. Comedy and tragedy are 
gradually blended, and his work finally developed 
a pathos such as could only come of ripe experi- 
ence. Similarly, the metre undergoes emanci- 
pation from the hampering restraints of fixed 
rule, and becomes flexible enough to respond to 
every phase of human feeling.” For this reason 
the works of Shakespeare are best read in some- 
thing like chronological order. 

Shakespeare's Early Poetry. It is 
well, therefore, not to begin with the plays, 
but with the two long narrative poems, 
“ Venus avid Adonis ” and “ The Rape of 
Lucrece,” as the former, published in 1593, 
was almost certainly the first effort of Shako- 
speare’s muse, and the latter, appearing in the 
succeeding year, did much to establish the 
fame of the young play-actor, whose name was 
becoming familiar to patrons of the theatre 
as an adapter of plays. These were the works 
which first won him renown among his 
contemporaries, and, apart from their great 
poetic beauty, they are interesting to us for that 
reason. They are elaborately classical both in 
matter and in manner, typical of what we know 
as the Pagan Renaissance, because the influence 
on the Elizabethans was, as we have noted, that 
of ancient Greece and Rome. 

“ Venus and Adonis ” is almost lascivious 
in the warmth of its passion, the ardour with 
which the amorous goddess woos the young 
hunter being in perfect harmony with the 
Greek ideal, and it has been thought that in 
this Shakespeare was not above the desire to 
win the regard of the patron to whom he 
dedicated his work, the young Earl of South- 
ampton, who was reputed of a somewhat 
amorous disposition. But the exuber nt 
fancy of the poem, the sensuous beauty of its 
imagery, its rhythmic sweetness, all give it such 
distinction that the licence of its tone cannot bo 
held to preclude it from anyone’s reading. 

“The Rape of Lucrece,” which deals with the 
tragic story of the lawless passion of Tarquin’s 
son for the wife of Oollatinus, whose name was 
fragrant of all wifely devotion, was dedicated 
to the same patron, and was truly that 
“ graver labour ” which the poet promised in 
his dedication of the first work. It gives 
evidence of such maturity in its reflective 
passages, and so great an increase of art in 
its whole conception and construction, that 
there may be good reason for supposing 
“ Venus and Adonis ” to have been an effort 
of the poet’s youth, and considerably earlier in 
execution than even the first of his attempts 
at play revising. At all events, these two 
poems, if read before we undertake the study 
of the plays, will help us the better to understand 
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the unfolding and blossoming of Shakespeare’s 
genius. 

The Order of Shakespearian Study. 

We may now set forth the names of the 
plays in their order, following Mr. Sidney Lee’s 
arrangement, and marking with an asterisk (♦) 
those of which Shakespeare was only part 
author : 


1. Early Dramatic Work. 

Love’s Labour’s Lost . . . . 1591 

Two Gentlemen of Verona .. 1591 

The Comedy of Errors . . . . 1592 

Romeo and Juliet . . . . 1592 

♦Henry VI. (First Part) . . 1592 

♦Henry VI. (Seoond Part) . . 1592 

♦Henry VI. (Third Part) . . . . 1592 

Richard III 1593 

Richard II 1593 

♦Titus Andronicus . . . . 1593 

The Merchant of Venice . . 1594 

King John . . 1594 

2. Tjie Development of Dramatic Power. 

A Midsummer Night’s Dream . . 1594-5 

All’s Well that Ends Well . . 1595 

The Taming of the Shrew . . 3595 

Henry IV. (First Part) . . 1597 

Henry IV. (Second Part) . . 1597 

The Merry Wives of Windsor . . 1597 

Henry V 1598 

3. Maturity of Genius. 

Much Ado About Nothing . . 1599 

As You Like It . . . . 1599 

Twelfth Night 1600 

Julius Caesar .. .. .. 1601 

Hamlet . . . . . . . . 1602 

Troilus and Cressida . . . . 1603 

4. The Highest Tiiemes of Tragedy. 

Othello 1604 

Measure for Measure . . . . 1604 

Macbeth . . . . . . . . 1606 

King Lear . . . . • . 1607 

♦Timon of Athens , . . . 1608 

♦Pericles 1608 

Antony and Cleopatra . . . . 1608 

Coriolanus . . . . . . 1609 

5. The Latest Plays. 

Cymbeline . . . . . . 1610 

A Winter’s Tale . . .. .. 1611 

TheTempost 1611 

♦Henry VIII ; . 


la the Study and on the Stage. 

Now, we do not suggest that the student of 
Shakespeare is to procure himself a good edition 
of the plays and poems and read them through 
precisely in the order given above. But we 
are persuaded that it is well, so far as it may be 
practicable, to read Shakespeare with more 
regard to the chronological order of the plays 
than to their grouping as comedies, histories, 
and tragedies, which is so frequently followed 
in the popular editions of the poet. Many in- 
fluences will condition the reading of the plays ; 
especially theatrical representation, for we are 
strongly of opinion that no student of Shake- 
speare should miss any opportunity of seeing 
his plays performed on the stage by good com- 
panies, and there are few towns of any 
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considerable size where such opportunities do not 
occur frequently. Shakespeare is a poet for the 
stage ana the study, and those who tell us 
they can enjoy him in the study but not on the 
stage do him an injustice and themselves no 
oredit, as they should be able to enjoy him 
equally in both places. It will sometimes 
happen that the reader may have an opportunity 
of seeing a Shakespearian play whioh he has not 
read, and which, if he were following the above 
order of reading, he would not be likely to read 
for some time. The opportunity must not be 
lost, more especially if it be to witness one of the 
plays, such as “ Cymbeline ” or “ Coriolanus,” 
less frequently staged than othero, The play 
should be read before seeing the theatrical 
representation of it, and again immediately 
afterwards. We feel sure that anyone following 
this course will be struck by the revelation 
of the subtler passages which results from 
witnessing a play, already familiar by reading, 
in its natural atmosphere of the stage. It was 
said of a great tragedian that to see him act 
was like reading Shakespeare by flashes of 
lightning. The phrase was not quite happy, 
as it is not well to read anything by lightning 
flashes. But what the critic meant was true : 
that the actor often interprets passages of the 
poet, which thus become illumined as by a flash 
of bright light, to the student, who may have 
missed their significance when reading the 
play. 

How to Study one of Shakespeare’s 
Plays. In most of the innumerable popular 
editions of Shakespeare’s plays no hint whatever 
is given as to the sources whence the poet 
derived his subjects — sometimes, indeed, his 
very thoughts and words. But no thorough 
understanding of Shakespeare can be arrived at 
without this data, and the student is strongly 
recommended to study Shakespeare in some of 
those editions which give each play in a separate 
volume, with an introduction and notes by a 
competent scholar, and in some cases the full 
text of the original stories from which thepoet 
has drawn the foundations of his work. There 
are so many of these editions to be had at low 
prices that we need not specify any particular 
one. 

It is only in this way that a true critical estimate 
of the dramatist may be formed ; but at Hie 
same time we are not to place ourselves un- 
reservedly in the hands of the critics and 
commentators, as it is always better, no matter 
how we may blunder in the first instanoe, to 
come by our own opinions in our reading, through 
the exercise of our own intelligence. What we 
have found out for ourselves is of far more value 
to us and the development of our mind than 
what we have received without question from 
a teacher. Obviously, in the case of Shake- 
spearian study, we must accept a vast amount 
from the expositors of his text, but in doing so 
we can at the same time cultivate our own 
critical faculty by pursuing a course whioh will 
bring that into action ; and to this end we 
cannot do better than read a play for the first 
time in an edition whioh is not annotated. In 



this way we are forced to form some independent 
judgment, and it is not of the slightest importance 
to the end in view whether that judgment be sound 
or ridiculous ; the effort has been made, and 
only thus shall we ever attain to critical apti- 
tude. After we have reoeived our own personal 
impressions of the poet's appeal to our under- 
standing, and formed our own blundering 
opinions of his work, we can, with far more 
profit to ourselves, place ourselves in the hands 
of a scholarly editor, whose notes, elucidations, 
and parallel quotations, will enable us to shape 
in our own mind an adequate conception of the 
poet's work, from which will be eliminated the 
mistaken notions formed in our first unguided 
reading, but in which will be retained the tested 
results of independent judgment. We need 
haxdly observe that this method of reading is not 
limited in its application to the study of 
Shakespeare, though it is better adapted to the 
study of the dramatists and the poets generally 
than to the writers of prose. 

“ Shakespeare** Sonnets .’ 0 Shake- 
speare's mind, and therethrough his life, can 
best be understood by following the sequence 
of his works. His “ Sonnets ” should be read with 
the playB of his second period, as most of 
them were written in the year 1594, though the 
collection was not published until 1609. Extra- 
ordinary interest has centred in this, the only 
other important work of Shakespeare’s pen, and a 
whole library of books has been devoted to the 
discussion of the “ mystery of the sonnets.” We 
are unable to touch at any length on the subject, 
nor do we deem it at all essential, as we are 
persuaded that Mr. Sidney Lee, by the rare 
intelligence and precision of his critical method, 
has disposed of all the popular and fantastic 
theories of these poems. His conclusions go 
rather to support the late Professor Minto’s 
theory as to their being written to show 
Shakespeare's contempt for the extravagant 
vogue of the sonnet among his contemporaries, 
than to further any of the other popularly 
accepted notions of their origin. If not written as 
a tour de force , then they were no more than an 
experiment in the fashion of the hour, and the 
profound autobiographical value many have 
supposed them to possess is largely imaginary. 
Some of them were indited to the poet’s patron, 
the Earl of Southampton ; many have no relation- 
ship whatever to any others in the collection, 
and the common idea that sonnets 1 to 126 are 
“ addressed to a beautiful young man of high 
station,” and 127 to 154 “ either addressed to or 
referring to a married woman of dark complexion, 
highly accomplished, fascinating, but of irregular 
conduct,” is no longer tenable in the light of Mr. 
Lee's researches. 

Biographical Value of the Sonnets. 

In summing up his conclusions as to the 
biographical value of Shakespeare’s sonnets, 
Mr. Lee writes : “ A personal note may have 
escaped him involuntarily in the sonnets in 
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which he gives voice to a sense of melanoholy 
and- self -remorse, but his dramatic instinct never 
slept, and there is no proof that he is doing more 
in those sonnets than producing dramatically 
the illusion of a personal confession. Only in one 
scattered series of six sonnets, where he intro- 
duced a topio, unknown to other sonneteers, of a 
lover’s supersession by his friend in a mistress's 
graces, does he seem to show independence of 
his comrades and draw directly on an incident in 
his own life, but even there the emotion is 
wanting in seriousness. The sole biographical 
inference deducible from the ‘ Sonnets ’ is that 
at one time in his career Shakespeare disdained 
no weapon of flattery in an endeavour to mono- 
polise the bountiful patronage of a young man 
of rank. External evidence agrees with internal 
evidence in identifying the belauded patron 
with the Earl of Southampton, and the real 
value to a biographer of Shakespeare’s * Sonnets ' 
is the corroboration they give of the ancient 
tradition that the Earl of Southampton, to 
whom his two narrative poems were openly 
dedicated, gave Shakespeare, at an early 
period of his literary career, help and encourage- 
ment.” 

Books on Shakespeare. As we have 
already hinted, we are making no effort in 
our treatment of Shakespeare to do more 
than throw out a few practical hints which, 
having proved of value in our own case, cannot 
fail to be useful to others. Anything approaching 
an adequate survey of his work is so far beyond 
the scope of this course that even to attempt it 
briefly would be as unwise as it would be un- 
necessary, since it is imperative that the reader 
must familiarise himself with every line which 
Shakespeare has written, together with the best 
that has been written about him, and at the end 
of this section we give a list of such works recom- 
mended for study. Here we would make 
special mention of two. For the beginner we 
do not know a better little handbook than 
Professor Dowden’s “ Introduction to Shake- 
speare ” (Blackie, 2s. 6d.). This, however, is 
only for the beginner ; as the student progresses 
he will require a work of a more comprehensive 
kind, and nothing in modern criticism of 
Shakespeare excels “ A Life of William Shake- 
speare ” (Smith, Elder, 7s. 6d.), by Mr. Sidney 
Lee. 

nains to add, in pursuance of our 
method, that the tale of Shake- 
from 1592 until his final retirement 
n 1611, supplies most that we know 
of his life. He had become part-owner of the 
Globe Theatre, the leading London playhouse, in 
1599. His income, which in his later years 
must have been about £600 per annum in the 
money of the time, was derived chiefly from 
his share in this theatre. Two years earlier he 
had purchased New Place, the largest house in 
Stratford-upon-Avon, where he died, on April 
23rd, 1616. 


It only rer 
biographical 
speares work 
to Stratford, i 
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By JOSEPH G. HORNER 


A MACHINE, no matter of what nature or 
** how complicated it may be, i£ an instru- 
ment by which force applied at one point 
is transferred to another point, being at the 
same time intensified or changed in direction. 
This modified force has always to overcome some 
resistance, as that of gravity, friction, or the 
cohesion of particles of matter. This resistance 
in mechanics is denoted by the term weight (W), 
and the f rce applied to overcome it is termed 
power (P). In statics, the problem is to find the 
magnitude of P acting at one point necessary to 
balance W at another point ; it is generally 
supposed, however, that P is sufficient to set a 
machine in motion. When the weight (W) is 
greater than the power (P), the machine is said 
to work at a mechanical advantage, the ratio 


being shown by the fraction 


W 

"P* 


But if this 


fraction is not greater than unity — that is, if 
W is lesi than P in magnitude - the machine 
works at a mechanical disadvantage. 

The elements of the most complex machine 
are reducible to what are called the six mechanical 


powers : (I) the lever ; (2) the wheel and axle ; 
(3) the pulley ,* (4) the inclined plane ; (5) the 
wedge ; (b) the screw. 

A lever is a rigid rod free to turn about a fixed 
point called the fulcrum . Levers are divided into 
three classes according to the relative positions 
of the power, fulcrum, and weight. Thus they 
may l>e placed in the order PFW, PWF, or WPF 
[58-60]. The condition for equilibrium in a lever 
of any of these three classes is that the movement 
[Fig. 30, page 4 13] of the power round the fulcrum 
be equal and opposite to that of the weight. There- 
fore P, multiplied by its arm (AC) — W, multi- 

W \C, 

plied by its arm (BC). That is, — . 


Levers of the First Class [58]. 
Remembering what has been said above con- 
cerning mechanical advantage, it is clear that 
levers of this first group will be only mechanically 
advantageous when AC is greater than BC, so 
that the fraction shall be greater than unity. If 
the arm BC is longer than AC, the lever will be 
mechanically disadvantageous, the effort being 
greater than the weight required to be raised. 
The effort will be equal to the weight when AC = 
BC, and the fraction equals unity. Common 
examples of the first class of lever are the poker, 
the handle of a pump, see-saw. crowbar (when 
it rests on a block in front of the weight being 
raised), and a canal lock-gate Scissors form a 
double lever of the first class. 


Levers of the Second Class [59]. 
Here AC is always greater than BC, and there is, 
therefore, always a mechanical advantage Th 


crowbar — when one end rests on the ground — and 
the wheelbarrow are everyday examples of levers 
of the second class. Nutcrackers are a double 
lever of this type. 

Levers of the Third Class [60]. In 

this class, AC is always less than BC, which means 

that ^ , or ^ is less than unity, and so levers 
BC P 

of the third class are always disadvantageous as 
regards power. Nevertheless, they are useful 
where speed and range of movement are required. 
For example, if ACW [61] represent a man’s 
arm bent at the elbow, the hand holding a 
weight (W), it is evident that the contraction of 
the muscle through the small arc at P will cause 
the weight to move through the relatively much 
greater arc shown by the dotted lino from W. 
A fishing-rod, the treadle of a turning-lathe, a 
whip, and the fore-arm as mentioned above, arc 
all levers of the third class, t-ongs being a double 
lever of the same kind. ** 


Wheel and Axle. The second mechanical 
power, the wheel and axle , is merely a modi- 
fication of the lever. It consists [62] of two 
cylinders turning on a common axis. The 
larger cylinder is conventionally called the wheel, 
the smaller one the axle. Ropes arc coiled round 
both wheel anti axle, hut in opposite directions, 
so that as the roj>e round one unwinds, that 
round the other winds up. Looking at the end 
section in the illustration, the principle of the 
lever will be immediately observed. The power 
and the weight act at the points A and B, where 
for the moment the two ropes are tangents to the 
two circles, and the conditions for equilibrium 
for the ordinary lever hold good in the wheel 
and axle — namely, P x AO = W x BC ; or 


W AC . W 
P ~ BC ’ P 


Radius of wheel 
Radius of axle 


and since the 


circumference of a circle is proportional to its 
radius, the conditions of equilibrium are reduced 


to — — ^* rcum> °I wheel 
P Circura. of axle 


From which t 


follows that a big wheel and a small axle will give 
greater mechanical advantage than when the 
diameters more nearly approach each other. 
The capstan, windlass, rack and pmion, and 
toothed wheels in general, are common examples 
of the principle of the lever, or wheel and axle. 


Pulleys. The pulley is a wheel whose 
circumference is grooved to prevent the rope 
— called the tackle — which passes round it from 
slipping off the wheel turns freely on an axis 
through its centre, and is fixed in a frame- 
work called the pulley- block, or sheave. 
Sometimes this pulley -block is fixed to a 


beam, or rafter for example ; sometimes it 
is movable, as on a orane, and sometimes a 
series of pulleys are arranged in a particular 
combination. 

Hie fixed pulley [68] gives no mechanical 
advantage, the weight on one string requiring to 
be balanoed by an equal weight on the other. It 
is useful, however, in changing the direction of a 
force, so that by pulling down, or horizontally, 
a weight may be raised vertically. 

Movable Pulleys. The single movable 
pulley is shown in 64. The weight (W) being 
supported by two cords, the tension on each 
is evidently £ W, but as one cord is attached 
at A to the beam, the force or weight P has 
W w 

only to support £ W, or — . Thus P — -- ? 

W 

i.e., p = 2, or the mechanical advantage in 

a single movable pulley = 2. In other words, 
the weight is twice the power — 1 lb. being able 
to support 2 lb. To obtain this advantage, 
however, the strings must be parallel. 

A still greater advantage is gained when 
several movable pulleys are combined to raise a 
weight. The three methods of combining 
movable pulleys are spoken of as the first, 
second, and third systems. 

Separate-string System, in the first, 
or separate-string system [65] each pulley hangs 
by a separate cord ; one end is fastened to a 
beam or other support, and after passing round 
a pulley the cord is attached to the block of the 
one above it ; the last cord, however, passes round 
the fixed pulley and supports the counterpoise 
(P), the weight (YV) being attached to the 
lowest pulley. 

It is necessary to suppose in all theoretical 
questions concerning pulleys that the rojies or 
cords are perfectly flexible and that friction is 
absent. Then it follows that the tension of the. 
rope is the same in every part irrespective of the 
number of pulleys in the combination. As a 
matter of fact, however, these two theoretical 
conditions are very far from being present in 
practical work, and though in theory the greater 
the number of pulleys in any system the greater 
would be the mechanical advantage, the enor- 
mous amount of friction and the lack of flexibility 
of cord render a multiplication of pulleys im- 
possible. 

In 65 it is (dear that the tensions on the 
strings marked 1 are equal, as in the case of the 
single movable pulley, so that P supports a 
weight equal to 2P on the first pulley- block (A). 
Hence the tension on the string below A equals 
2P, and so the pulley B supports a weight 4P 
(2 P). In the same way C supports a weight 
8P (2'P), and so on, each successive block 
doubling the mechanical advantage. With three 
pulleys, therefore, W = 2*P ; with four pulleys, 
W = 2*P ; with any number of pulleys con- 
veniently represented by the letter w, W — 2 n P, 
W 

i.e.. p — 2 n . Thus the mechanical advantage 
in the first system = 2". 
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Single-string System. In the second, 
or single- string system [B6] the pulleys are con- 
tained in two blocks, the upper one fixed, the 
lower one movable, the weight being attached to 
the latter. The same string passes round all the 
pulleys as shown in the diagram. Here the 
tension throughout the Btring equals P, and as 
there are four (practically) vertical strings sup- 
porting the lower block, the weight W is sup- 
ported by four upward forces, each equal to P. 
Therefore W = 4P. If there are n pulleys, then 

W = nP ; i.e., ^ = ». Thus the mechanical 

advantage in the second system = n. 

The Third System. The third system is 
really the first system turned upside down, as 
in 87, the end of each string being attached to 
a bar carrying the weight. The tensions 
supporting the weight here are P + 2P + 4P. 
Thus W — 7P, or W — (2* — 1)P, the index of 
the figure 2 representing the number of pulleys. 
With four pulleys W = (2* - 1 )P = ( 16 - 1 ) 
P = 15P. With n pulleys, W — (2" - 1) P : i.e., 
W 

p ~ 2” — 1. Thus the mechanical advantage 

in the third system — 2 n - 1 . It must be 
noted, however, that in this system the weights 
of the pulleys assist the power instead of acting 
against it, as in the other two systems. 


The Inclined Plane. The inclined plane 
|K*nnits of the raising of a body to a particular 
height by exerting a smaller force through a 
greater distance. The directions in which a force 
may be applied to a body on an inclined plane 
are: (1) horizontally ; (2) parallel to the plane. 

In 68, which represents a section of an inclined 
plane, the force acts parallel to the plane. Three 
forces combine to keep the body in equilibrium : 

(1) the weight (W) acting vertically downwards ; 

(2) the reaction or resistance (R) of the plane 
acting perpendicularly to the plane ; (3) tho pull 
or power (P) acting up the plane. (The surface of 
an inclined plane is theoretically perfectly 
smooth and free from friction, and by the 
reaction (R) is meant the resistance of the plane 
to bending, breaking, or penetration. Hence the 
force R acts perpendicularly to the surface.) It 
can then be shown by the Triangle of Forces that 

BO AO" AB' >a Height'of plane 

= - 5__ ^ W . ■ Therefore 

Base of plane Length of plane 

the pull required may be found from the equation 
P - W x Heig ht of plane , and the rosistalll . e 
Length of plane 

R = W x , The mechanical ad- 

Length of plane 

vantage of the inclined plane — ^ in 

other words, the greater the incline in a road or 
railway the greater is the pull required. 

Pulls and Gradients. On a gradient of 
3 in 10 a weight of 160 lb. could be pulled by 
a force slightly greater than 48 lb. If, however, 
the gradient were but 3 in 16 the force necessary 
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would be scarcely more than 30 lb. The weight 
would therefore be raised to the same height with 
a less force ; but it must be remembered that as 
this force acts through a greater distance no work 
is saved. Whatever be the gradient, the work 
done by P acting along the plane is always 
equal to the work which would be done in raising 
the load W vertically from C to B. That is, 
P x AB = W x BO, or, as we have just seen, 
W __ AB __ Length 
P BC Height* 

When the force is applied horizontally, as in 
69, then the ratio l)etween the forces keeping 

the body in equilibrium is , r - — „ — - — 

Height of plane 

- — R - - W . _ . Thor. 

Length of plane Bose of plane 

P = W x of plane^ an( j re8 j B t;ance, 

Base of plane 


penetrating instruments. A wedge whose section 
is an isosceles triangle is the commonest and 
most advantageous form. The force is applied 
at the back of the wedge (AB), and the resistance 
on each side may be considered to act at right 
angles to the slant edges of the wedge. 

Owing to the fact that the power applied to 
AB is not a continued pressure but a series of 
impulsive forces, the theory of the wedge is 
less exact than that of the other mechanical 
powers. Considering the power and the resist- 
ance on each side, however, as three forces in 
equilibrium, it n,off b* liftmnTiBfrntafi tViat f Vio 


be 


R 


resistance rx - • — - 

Back of 

Then the mechanical advantage will ^ ^ 
the size of the back and increasing the length of 



58 
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R = W x kMgth of Plan* * Also W _ Bose 
Base of plane * P Height 

Considering this second case from the point ol 
view of work done, since P acts in the direction 
AC, then P x AC — work done by P. Also the 
work done by raising the load W vertically 
through CB = W x BC. And P x AC 

xfj v T>n , • _ W AC Base » 

— W x BC; F =^= Agarn, 

68, sinoe each force is proportional to the side to 
which it is perpendicular — i.e., P, R, W are 
proportional to the height, base, and length re- 
spectively— and since AB 2 ~ AC 2 -f BC 2 (Euc. 
I. 47), therefore W 2 — P J + R 2 . In the case 
where the foroe applied is liorizontal, AC J 
= AB 2 - BC 2 ; that is, W 2 = R 2 - P 2 . 

The Wedge, lie wedge [70] is a blook 
tapering to a thin edge, a double inclined plane 
as it were. It is used for splitting wood or 
other material, and for raising heavy bodies, as 
in the raising of a ship in a dry dock by inserting 
wedges under the keel. Common examples of 
wedges are knives, chisels, swords, axes, plugs, 
planes, needles and pins, nails, and all cutting and 


the side— that is, diminishing the angle of 
penetration — the mechanical power of the wedge 
is increased. 

The Screw. The screw is the last of the 
mechanical powers, and, like the wedge, is 
derived from the inclined plane. It consists of 
a cylinder, on whose surface is a spiral ridge 
called the thread. The relation between the 
thread and the inclined plane is easily seen by 
cutting out a right-angled triangle of paper, 
corresponding to the section of an inclined 
plane. If this be wrapped round a rod — say, a 
round ruler — the hypotenuse of the triangle 
forms the screw thread, or helix, the base of me 
triangle (or plane) corresponds with the circum- 
ference of the cylinder, and the height will be 
the distance between the threads, or the step of 
the screw, technically known as the pUch. 
The threads are sometimes square in section 
(square screws), sometimes acute (sharp or vee 
screws). The screw works in a fixed collar or 
nut , which is a hollow cylinder, whose internal 
surface carries a groove, or internal thread, in 
which the screw thread fits. 
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The ordinary copying-press illustrates the 
method of using the screw. Power is applied 
by means of a lever (the arm or handle of the 
press) attached to the end of the screw. The 
screw then moves forward in the direction of 
its axis, overcoming resistance. Or, as in the 
case of the screw-jack, it may be used to raise 
a weight. 

In finding the relation between the force 
applied and the resistance which is overcome, 
it is important to note that every time the 
screw performs a complete revolution it moves 
forward through a distance equal to the space 
between one thread and the next. If, in 71, 
power (P) be applied so that the arm b makes 
a complete revolution, the work done will be 
equal to P multiplied by the circumference of 
the circle of which b is the radius — that is, 
P x 2 ir 6. At the same time, the work (W) 
done by the screw in moving through the 
distance P (the space between two threads) 
equals W x P. Then P x 2 icb x P. And 
the mechanical advantage is : 

W 2jr b _ Circum. of cir cle described by lever 
P P Pitch, or step, of the screw 

Thus the mechanical advantage is increased by 
diminishing the pitch, or by increasing the 
length of the arm or lever to which the power 
is applied. 

We recognise in the levers examples of the 
turning pairs of Rculeaux ; in the inclined plane 
and wedge, sliding pairs ; and in the screw, 
twisting pairs, or a movement of translation in 
a helical plane around an axis. The lever and 
the inclined plane, therefore, include all essential 
mechanical motions, no matter how they are 
disguised in a thousand -and -one mechanisms. 
Only when first principles are thus grasped is 
it possible to analyse machines and avoid error 
in classification. There have been thousands 
of useless patents taken out that never would 
have been applied for if the patentees had 
possessed an elementary knowledge of mechanics. 

Constraint. If we now look further into 
these examples, we find that the feature of con- 
straint is an essential one. The elements are all 
paired together in such a way that they can only 
move in certain relations, and each pair of ele- 
ments is paired with others adjacent, so that the 
movements of each are under constraint. The 
elements themselves Reuleaux termed links, 
or kinematic links , and the whole series of 
adjacent elements, closed kinematic chains. As 
no element in a mechanism can move without 
reference to all the others, that is a fundamental 
conception of a machine, and the workability of 
a mechanism can always be tested by this 
simple proposition. In the preceding figures 
it is easy to see that the introduction of 
some one element into the chain of moving 
elements would interfere with their proper 
operation. 

In the levers the fulcrum must be fixed 
and incapable of movement, and the arms must 
be free to turn around the fulcrum as a centre. 
In the wheel-and-pulley systems the centres of 
certain pulleys are fixed, others are movable. 


The movement of the “ cord ” is constrained 
to one direction. The sliding movements of the 
load on an inclined plane ; that of the wedge, 
and that of a nut in its screw, are also con- 
strained. In fact, it would be impossible to 
conceive of a mechanism from which the 
condition should be absent. 

But in speaking of kinematic links and chains 
we must not be understood to use the term in 
its literal sense. Links are often non-rigid. 
A cord, a belt, a spring, or even a pressure 
fluid, as water, gas, steam, is as truly a link 
as a bar of steel is. All depends on its applica- 
tion and its relation to other rigid parts. 
Tension and compression elements are alike 
links. By the use of springs, for example, a 
mechanism is often prevented from knocking 
itself to pieces. Yet the movements of the 
mechanism are as Burely accomplished under 
the constraint of the elastic spring as though 
it were a non -elastic bar. So with the cords, 
ropes, chains, or pulley systems. Flexibility 
is essential, yet the connections and the relative 
movements are assured. 

Applications of Power in Practice. 
Going a stage further, the engineer sees in these 
diagrams only the skeleton outlines which 
denote principles. Looking beyond them he 
recognises a hundred mechanisms which clothe 
the bare anatomy with living forms. The 
fulcrum in the lever group does actually occur 
in the triangular form shown, in the knife edges 
of weighbridges and balances. But most 
often it is the cylindrical pivot of a beam or a 
rocking lever, or of a derricking crane- jib, or the 
cranlt-pin of an engine, or the shafts of wheels. 
The gaunt lines become disguised in the strong 
arms and ribs of pulleys, of toothed wheels, of 
engine-beams. The crude wheel and axle 
appear in some pulley-block designs, but the 
“ axle ” much more often occurs in the disguised 
form of the chain-drums of cranes ; white the 
“ wheel ” is recognisable in the winch-handle, or 
the large driving wheel on the drum-shaft. 
The fixed pulley is found at the head of all 
crane -jibs, and elsewhere. Movable pulleys 
occur in pulley-blocks of divers forms, arranged 
in more workable designs than those used 
for diagram purposes, while the friction which 
is so excessive in these is turned to account 
in the self-sustaining or differential type. The 
inclined plane is utilised in keel-blocks for ships, 
in inclined tracks for mines, and for heaving up 
slips for vessels. The wedge appears in various 
forms of friction clutches for the driving and 
release of shafting, in cottars and keys for 
uniting lengths of rod. and fastening wheels 
to shafts, and generally for making metal 
connections that can be rapidly made and 
broken. 

The inclined plane in the form of the screw 
is perhaps used to a larger extent than any other 
single element of mechanism. It becomes a 
means of connection and union, temporary or 
permanent, a device for producing end-long 
movement, a mechanism in combination with 
the lever for gaining almost unlimited power, 
a device for imparting linear movement to 
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. materials, as in conveyors, a method of measure- 
ment, the agent for the propulsion of the biggest 
liners and battleships. f 

Over and over again mechanisms are so 
changed that their essential elements are dis- 
guised. The relation between the two-bladed 
propeller and the carpenter’s wood screw is 
fairly obvious. But everyone would not 
identify the herringbone form of tooth gear 
with a screw, nor either with the worm-wheel 
Yet the relations are readily demonstrable. 

The Test of Practicability. The 
enormous loss of power and of time in some 
mechanisms explains why these are not used to 
any great extent. Neither of the pulley ar- 
rangements shown, excepting the first two ; are 
used much in hoisting machinery, because the 
speed is far too slow, and the height of lift too 
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single aspect of the screw, that of an instru- 
ment for dividing and measuring. It is 
used for these functions in every engineer’s 
shop in the world, and also in the finest dividing 
instruments made for astronomical and scientific 
purposes. From the time of Maudslay to the 
present moment mechanicians have been con- 
stantly striving to get as nearly as practicable 
to a perfect screw. Recently, a Standard Lead- 
ing Screw Adjusting Machine has been fitted at 
the National Physical Laboratory, in which 
the average limit of error in the screw does 
not exceed 0*00018 in. per foot of length. To 
obtain such remarkable acouraoy oommon 
workshop methods fail, since the effects of change 
of temperature have to be guarded against ; 
the means of support, of measurement, of 
cutting and correcting, have all to be devised, 
and applied to the one task of 
securing accuracy regardless 
of cost. 

There is a great and funda- 
mental distinction between 
screws. One kind, the lead- 
screw, is used as a master for 
cutting other screws by, tra- 
versing a heavy tool carriage as 
part of their work, as in screw- 
cutting lathes, and is, there- 
fore, constantly 
wearing ; the other 
is employed for 
division only, and 
is subject to 
practically no wear 
and friction, as in 
the dividing engines 
and micrometer in- 
struments. In the 
latter, of which the 
famous Whitworth 
measuring ma- 
chine was the pro- 
totype, the pitch 
of the screw itself 
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limited. Hence the lever, in the disguise of 
trains of toothed gears, is employed bv preference 
for the ga'n of power, so separating the mechan- 
ism for mechanical advantage from that for mere 
fitting. Almost the only variety employed is 
that shown in 64, where the oommon snatch 
block will be recognised. The differential block 
is based on 66, though not in that form. 

If the screw is combined with a lever the power 
gained is enormous, but the movement is too 
slow for common mechanisms unless a high 
initial rate of movement is imparted to the lever 
(in such cases a shaft, or pulley, or motor) 
driving it. 

Often the speed is of no consequence, but the 
screw is utilised as a precision mechanism, as 
in dividing-gears, and in the lead screws 
of lathes, in which the pitch of the threads 
is the first factor in effecting divisions 
mechanically. 

Fundamental Distinction between 
Screws. A volume might be written on this 


is subdivided by a large disc (constituting 
a nut), and finely graduated around its peri- 
phery. One complete rotation of the disc 
moves the screw a distance equal to the 
pitch, half a turn half the pitch, and all 
smaller movements accordingly, these being 
indicated by the arc divisions on the circular 
periphery. In commercial machines of this 
kind dimensions of P ar ^ an inch can 

be detected. 

A number of practical applications of the 
foregoing will be reserved for the next article — 
a small selection only. The farther the student 
strays into the realm of mechanics the farther 
do its vistas seem to extend. 

Applications of first principles appear in 
unexpected forms ; analogies and problems 
arise to exercise the mind. There is never 
any slackening of interest in these things. Life 
is too brief and time too precious to the student 
to be wasted in trivialities. 


Continued 
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By SIR ISAAC PITMAN & SONS 

IN this lesson we deal with the hooks placed at The forms cJ 
* the end of consonants, and hence termed upward and (Tv 
final hooks ; these are easily mastered, and com- v , , 

plete the hooking system of Pitman’s Shorthand. st u ^ ve £ stan< * 


Final N and F Hooka. A small final 
hook, struck by the bight or forward motion 
^ y adds n to straight consonants ; thus 

Ben , tone, coin, rain. 

It will be noticed that the hook which repre- 
sents r at the beginning of a straight consonant, 
and that which represents n at the end are both 
struck towards the right, thus 

2 

brain , train . 

A small final hook, written inside the curves, 
adds n to all curved consonants ; thus 

Vo C > 

fain, thin, assign, moon. 

A small final hook, struck b£ the left or 
backward motion, adds / or v to straight con- 
sonants ; thus 

buff, tough, cave , rave. 

There is no / or v hook to curves. 

The hook which represents l at the beginning 
of a straight consonant represents / or v at the 
end, and both hooks are struck towards the 
left; thus ^ ^ ^ 

bluff, cliff. 

The n and / hooks may be employed medially 
when they join easily and clearly with the 
following stroke ; thus 

} L ^ ^ 

punish, dining, cleaning, fancy, diving , graphic. 

A hook at the end of a word is always read 

\ x v* 

pen, puff ; fun; 

therefore, when a wbrd ends with n, or f or v, 
followed by a vowel, the stroke consonant must 
be written and not the hook, as 


penny, puffy , funny . 


The forms cJ shl , J) shn, when written 
upward, and (T In, when written downward, 
must never stand alone, because it might be 
supposed that cJ J) had been written down- 
ward, and (T upward. These forms are distinct 
when joined to others ; as 

V ^ J. 

official, valuation , fallen. 

Exercise. 

1 \ i </ x j' i j A m \ 

2 V l- L X l. l v l- /' v t 

3 <s<? S* <S? ^ 

4 Vi ^ —T3 — * cV 

5 ^ r^~> )■ 1 Lx 

0 VV, l ^ om/ 

1 Ten, John, bun, ozone, Dane, then, plain, 

drain. 

2 Doff, Jefl*, pave, chough, Dull*, hoof, bravo, 

proof. 

3 Wean, weave, wine, woof, run, roof, turn, 

turf. 

4 Fen, fenny, Avon, venue, mine, Minnie, 

nun, ninny. 

5 Banish, plenty, oiiganic, mechanic, paving, 

cuff, coffee. 

0 David, gun, agony, martial, traveL, chiefLy, 
aniline. 

Circles and Loops added to Final 
Hooks. A circle or loop is added to the 
hook n attached to a straight consonant by 
writing the circle or loop on the same side as the 
hook, and thus turning the liook into a circle 
or loop, as 

J J J J d- 

Da n, dance, dances, danced, Dunster ; 


\ 

\ 



pen. 

pens , 

ex j tense., 

exjtenscs ; 

\ 

\ 

> 

> 

spin, 

spins, 

spinster, 

spinsters ; 


( —rr> 



glen. 

glens, 

glances, 

glanced. 


o 


y 


c 
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The circle represents s only between two con- 
j ,j jfonqat#, thus V is notpns-m but p-s-m, as in the 
word opossum. Therefore, when ns occurs 
medially both letters must be shown, as 

^ h ' 

ransom , density . 

The circle s is added to the hook n attached 
to curved consonants and to the hook /attached 
to straight consonants by writing the circle 
inside the hook ; thus 

^ k. \ x a 

fine, fines, frowns : puffs , drives , g new, weaves. 

In order to distinguish between n? and ns, 
etc., after a curved consonant, as in vans(z) 
and Vance(s), the stroke n must be used for 
ante, ense , vise, or ance , ence , ince, thus 

k^p but k© but /” — "'.,o 

mm Vance; men’s(z) mince(s). 

This distinction does not apply to l when 
coming after another consonant , and the hook is 
used in such outlines for ns ; thus 

V" 

balance . 

The large circle ses and the loop st and sir 
cannot be written inside the small n and/ hooks ; 
therefore, nsez, nst , and nster, following a curved 
consonant, must be expressed by the stroke n 
with tlie large circle or loop attached ; thus 

V,0 ^ 

fences , fenced. 

Exercise. 

1 J- d- 3 a l \ \ X J- J 

2 <^> V ^ 

z ™ ^ J> l- ^ J 

4 'T* !— 3 \j> ■A* 

1 Pins, s|K>ons, bounced, brains, tuns, trains, 

grains. 

2 Jones, dunce, dunces, jKiuncc, pounces, 

winsome. 

3 Fens, offence, lens, lance, nines, ninnies, 

derives, Buffs. 

4 Prudence, opulence, summons, science, 

lines, violence. 

Final » 7701V Hook. The termination -turn, 
also variously written -cion, -cion, -tian, - sian , 
etc., is expressed by a large final hook ; thus 

t ^ r 3 V° 

edition, fashion, mission , caution, Persian . 
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The circle s is added thus 

O Is 

nations , additions. 

When -tion hook follows a curved consonant 
it is written inside the curve, like the final 
n hook, thus 

Vs> 'o 1 } ST . 5 vp 

fusion, vision, session , motion , notion . 

When - tion follows a simple straight con- 
sonant, the hook is written on the side opposite 
to the last vowel ; thus 

\ Lp 1-3 

passion, option , occasion , auction, 

L, Ls> N v? 

diction, education, aberration, duration. 

When -tion follows a straight letter which 
begins with a hook, circle, or loop, or springs * 
from the curves k k T [up] the - tion hook 
is written on the opposite side, to preserve the 
straightness of the letter ; thus 

> As 'l 

abrasion, reaction, attrition, citation, 

^ ^ /C? 

(irecian, section, affection, location. 

After t, d, or j , not beginning with a hook, 
circle, or loop, the -tion hook is written on the 
right side, irrespective of the vowel ; thus 

4 4 ^ 

dictation, rotation , degradation, magician. 

The - tion hook is used medially, as 

\ W % 

additional, dictionary, auctioneer, 

r f \*r s 

cautionary, devotional, national. 

When -tion follows the circle s or ns, it is ex- 
pressed by continuing the circle on the - other 
side of the consonant so as to form a small 
hook ; thus \> Second-place dot vowels be- 
tween the circle and -tion are written outside 
the hook ; tliird-place vowels are written 
inside the hook; thus 

jxissession, position, musician , accession , sensation, 

^ 1* 1 

incision, authorization, dispensation, transition. 

First-place vowels do not occur between s and 
the syllable -tion. 
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The circle a may be added to this hook ; thus 

%. '■» 

positions, suppositions, musicians ; 

and the hook may be used medially; thus 

> k 

positional , transitional . 

When two distinct vowel signs occur imme- 
diately before -tion, write sh and the hook n, in 
order to accommodate the vowel signs ; thus 

XJ Jr 

valuation , extenuation, tuition . 
Exercise. 

1 (& st* < ^ D | Y\ 

2 v V 4^ i; Lp 

^ ^ 1 

^ lr f ^ 

Exercise. 

1 Ovation, omission, illusion ; lotions, oRations, 

sessions. 

2 Potion, cushion, ration, apparition, eLocution. 

3 Expression, fiction, navigation; Prussians, 

accretions. 

4 Tactician, adaptation, cogitation ; notions, 

imitations. 

5 Cremation, salvation, remission ; donations, 

collisions. 

6 Exceptional, occasional, sessional., mis- 

sionary. 

7 Cessation, precision, vexation ; annexations, 

pulsations. 

8 AecessionaL, recessional. ; superannuation 

(shn up). 

Grammalogues, At this stage the fol- 
lowing additional grammalogues should be 
memorized. 


Key to Exercises in Last Lesson. 

1 Play, bray, addle, adder, ogre, grow, glow, 

try, cry, brew. 

2 Bible, breath, breakers, library, teacher, 

tipple, fiddle, sugar, problem. 


1 

2 

1 

2 

3 

4 

5 
G 

1 

2 

3 

4 

5 

6 


^ \ r \ ^ 

V f\ ^ ~\ <—'■} L 

Flaw, flag, fledge, flame, flung, rifle, revel, 
inflammable. 

Channel, tunnel, final, partial, roguishly, 
Ethelred, venal, eternal. 

Other, through, cover, frame, thrush, fresh, 
afresh, gather, thrice. 

Fraud, coffer, lever, leisure, tanner, banner, 
Homer, thinker. 

Differ, Fred, rubber, rubble, shiver, shovel, 
France, Fleming. 

Frugal, keeper, initial, Michael, fever, trifle, 
brutal, joyful. 


^ ^ ^ V- ^ H- 

v-, A ^ \ L ^ 
^ ~ i) y 


1 Supple, subtle, sable, splice, suckle, splash,. 

saddle, saddleR, sublime. 

2 Display, possible, classical, exclaim, disclaim, 

disable, cycle, bicycle. 

3 Signer, designer, soother, dishonour, suffer, 

blissful, sooner, savoury, deceiver. 

4 Sprig, super, supreme, spruce, spring, 

sprawl, straw, cedar. 

5 Stitcher, switcher, stagger, swagger, stutter, 

sweater, sucker, sabre, stopper, sober. 

G Descry, disclose, describe, disclosure, mistress, 
expressly, expositor, outsider, outstrip. 


call O 
c — care 

1 dear 
^ for 
from 

Lord 


. more, or re- 
mirk-ed (*) 


*) their , or 
there 


‘ Mr , or mere w thing 
near ( think 


'Y 


...V. Use, (verb) 

whose ( 3 ) 


/ which 


f vf ^ “3 1L 

\ \ \ \ \ 

~ L c \ ^ 

V ^ - 1 } 

•1 vl ■? N °~\ “"V 5 

1 A <v s- ^ u 
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formed from that mixture contains only one 
kind of molecule, compounded of atoms of 
oxygen and atoms of hydrogen, whilst no 
molecules consisting only of hydrogen atoms 
or only of oxygen atoms would be found in it. 

Now these facts may be very simply expressed 
by the judicious use of the symbols which we 
have noted in our table of the elements. We 
may say that the mixture consisted of a number 
of H 2 molecules and a number of 0 2 molecules 
—the two standing for the number of atoms in 
each molecule ; but in the compound there are 
no H a or 0 2 molecules. The molecules are all 
of one kind, and each consists of two atoms of 
hydrogen and one atom of oxygen. We express 
this construction of the molecule of water by 
the formula H 2 0. That is the formula of 
water ; and it expresses the fact that each 
molecule of water consists of two atoms of 
hydrogen and one atom of oxygen. Perhaps 
the formula would be more intelligible if it was 
written H 2 O t , but the t is never printed. It is 
understood that when the symbol of an element 
occurs without any figure after it, one atom of 
that element is indicated. 

An Unstable Compound. The reader 
will very probably ask why it is that one atom 
of oxygen should combine with two of hydrogen. 
Why not one with one or two with two ? That 
question raises many important considerations, 
which will later be discussed ; but we may here 
point out in passing that the combination of 
two atoms of oxygen with two atoms of hydro- 
gen is known and yields a compound called 
Peroxide of Hydrogen. This is a very unstable 
compound, since it contains, so to Bpeak, one 
atom of oxygen in each molecule more than is 
comfortable, and hence it is very apt to lose 
this superfluous oxygen, which, when it goes, 
leaves H 2 0, or water, behind. This property of 
giving off oxygen endows peroxide of hydrogen 
with useful properties. 

Amongst other purposes, it is often applied 
to the hair for the purpose of lightening its 
colour. It produces a characteristic yellow 
colour — “ peroxide hair ” — which is due to the 
fact that the oxygen given off from the H 2 0 2 
enters into combination with the dark pigment 
of the hair and produces a pigment of a lighter 
colour now fashionable. 

Atoms in Pairs. Let us return now to 
the consideration of the molecules of an element 
— molecules consisting of similar atoms, as 
distinguished from the molecules of a compound, 
which consist of dissimilar atoms. There are 
some elements the atoms of which go about 
singly. Mercury and zinc are examples. In 
the great majority of elements the atoms go 
about in pairs. We have seen that this is so 
in the case of oxygen and hydrogen But the 
precise number of atoms in the molecules of 
elements varies with circumstances. Let us 
consider, for instance, the peroxide of hydrogen, 
HoO.>, of which we have spoken. We have 
said that it owes its use in bleaching an actress’s 
hair to the fact that it gives off oxygen, which 
combines with and altera the hair pigment ; 
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but the reader will object that the hair is 
always in contact with the oxygen of the air. 
Why does not that bleach the pigment ? A 
very satisfactory answer to this question can 
be obtained. 

Let us consider the case of the atoms of 
oxygen in the air. Each of them is in com- 
bination with one of its fellows, thus forming a 
molecule of oxygen, and is, so to speak, satisfied. 
It has no desire to seek other partnerships (of 
course the reader will understand that we are 
using symbolical ways of talking ; these desires 
and satisfactions are now being explained in terms 
of electrical forces). The atoms of oxygen 
forming the molecules that surround the hair 
do not attack the hair pigment, because they 
are satisfied with each other. 

The Birth of an Element. But let us 

imagine that we can watch what happens to a 
molecule of peroxide of hydrogen, H 2 0 2 . As we 
have seen, this molecule contains one atom of 
oxygen too many for comfort, or, to use a less 
symbolical term, too many for stability ; and the 
odd atom of oxygen constantly tends to escape 
from the molecule, leaving behind a molecule 
of water — a molecule bo stable that men studied 
chemistry for centuries before they discovered 
that it could be broken up — that water is not 
an element Now, it is one atom of oxygen 
that leaves the molecule of H 2 0 2 , but it is the 
peculiarity of an atom of oxygen, like nearly all 
atoms, that it must have a partner. As a rule, 
we may imagine the atoms of oxygen that 
leave two adjacent molecules of peroxide of 
hydrogen to unite with each other, and thus 
form a molecule of oxygen 0 2 ; but if, just at 
the moment of their escape, there are any other 
substances present with whose atoms the atoms 
of oxygen can combine, instead of merely 
combining with each other, they are apt to do 
so, and this is why the peroxide of hydrogen can 
bleach the hair by giving oxygen to it, whilst 
the oxygen of the air is quite unable to do so. 

When the atoms of any element ape caught, 
so to speak, in the act of combining with each 
other — that is to say, in the act of seeking 
companions — the element is said to be in the 
nascent state, which literally means the state of 
being bom. It is at these moments that the 
chemical properties of the element are most 
strikingly manifest. In the language of chem- 
istry, then, we say that peroxide of hydrogen, 
H 2 0 2 , bleaches the hair in virtue of the fact 
that it liberates nascent oxygen ; and the 
reader now understands why nascent oxygen 
should be more chemically active than oxygen 
that is not nascent — that is to say, than oxygen 
the atoms of which have already settled down 
to a humdrum existence in stable pairs. 

The Properties of Ozone. We have 
seen, then, that the atoms of oxygen may 
sometimes be caught single.. The formula for 
oxygen at such a moment would be O (the \ 
being understood) ; and we have seen that, as 
a rule, the atoms go about in 'pairs , indicated 
by the formula 0 2 ; but we further discover 
that, under certain conditions, the atoms go 
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about in trios, in which case the formula of the 
oxygen must be 0 ;i , indicating that each 
molecule consists of three atoms. A special 
name has been given to this modification ol 
oxygen, which is called ozone. 

Now, just as peroxide of hydrogen, H»O a , is 
an unstable substance, always eager to get rid 
of its superfluous oxygen and relapse into the 
more familiar substance water, so, similarly, 
o zone, 0 ;; , is an unstable substance, always 
anxious to get rid of its superfluous atom of 
oxygen, and settle down into the commoner 
kind of oxygen 0«. Whenever there is any 
opportunity for getting rid of the superfluous 
atom of oxygen to anything that will have it, 
the ozone seizes the chance. Indeed, two mole- 
cules of ozone left by themselves will very soon 
turn into three molecules of ordinary oxygen. 

A Chemical Equation. Such a change 
may be expressed in the first chemical equation 
to which we shall introduce the reader : 


2 0, - 3 0. 

This simply expresses the idea that two atoms 
liberated from two adjacent molecules of ozone 
have united with each other to form a third 
atom of oxygen, which is added to the two 
atoms of oxygen which were left by their 
departure. The equation is a true equation, as 
the reader will see when he applies the test of 
ascertaining whether all the atoms named on 
the one side of the equation, and no more, are 
accounted for on the other side of the equation. 
It is a true equation, because it represents six 
atoms on each side. Of course, the reader will 
understand that we have been talking in very 
metaphorical language, since no one can 
possibly see, or experiment with, two molecules 
of ozone or any other substance ; but there is 
no doubt that our metaphor corresponds with 
the actual fact. 


Now, we do not know of any form of oxygen 
in which the molecules consist of more than 
three atoms ; but there are certain substances 
which possess four atoms to the molecule. Of 
these, phosphorus and arsenic are examples. 
Thus the formula for phosphorus must not be 
written P or P., but P 4 . When we come to 
examine the behaviour of atoms of sulphur, we 
find that, at certain temperatures, they go about 
in pairs, and the formula for sulphur at such 
temperatures must be Sj ; but at other tempera- 
tures they seem to go about in Bixes, and the 
formula for sulphur at these temperatures 
must be S rt . We can now readily understand 
the relation of what is called molecular weight 
to atomic weight. 

Molecular and Atomic Weight. The 

molecular weight of any body containing, 
say, four atoms to the molecule will plainly be 
four times the atomic weight ; but, surely, 
before discussing molecular weight, we must 
understand what we really mean by atomic 
weight. 

Perhaps the most fundamental character of 
matter is its mass. [See Physics.] We have 
seen, of course, that we have no absolute 
measurement for mass, but can merely estimate 
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the mass of one substanoe as compared with 
that of another. We have already seen that 
the mass of the hydrogen atom, being the 
lightest known, used to be taken as the standard 
of measurement, but that now there is a tendency 
to prefer oxygen as the standard, and to repre- 
sent the weight of the oxygen atom as 16. 
Plainly, in such case, the molecular weight of 
oxygen must be 32 ; the molecular weight of 
ozone must be 48 ; the molecular weight of 
hydrogen must be 2 ; and the molecular weight 
of water, H.O, must be 18 = 1 +1 +16. 

The Law of Fixed Proportions. What, 
then, are the chemical facts that may be 
explained on this atomic theory, which asserts 
that matter consists of atoms of different 
kinds, the atoms of each element being of a 
constant and definite weight— weight being the 
means by which we express the amount of 
matter in, or the mass of, the atom which we 
weigh ? The first law which may be explained 
on the atomic theory, and on no other which 
has been suggested, is the law of fixity of 
proportions, or fixed proportions. 

ThiB law asserts that every chemical compound 
— assuming, of course, that it is pure — always 
possesses the same constitution — that is to say, 
is always composed of the same fixed pro- 
portions of the elements that go to compose it. 
Let us take, for instance, the case of the simple 
compound called water. From whatever source 
we obtain a specimen of water, and under 
whatever conditions we examine it, it is in- 
variably found that, when the water is decom- 
posed, eight-ninths of its weight i$ composed 
of oxygen and one-ninth of hydrogen. What 
is true of water is true of every other compound. 

If the compound is what it professes to be, it is 
invariably found to contain absolutely fixed 
proportions by weight of the different elements 
that go to compose it. 

An Experimental Fact. Observe here 
the difference between a mixture and a com- 
pound. Oxygen and hydrogen may be mixed 
in any proportion ; but in the combination of 
them called water the proportion is absolutely 
constant — one-ninth hydrogen, eight-ninths 
oxygen. 

Now, this experimental fact as to the fixed 
proportions (by weight) of the elements in 
water tallies precisely with the facts we have 
observed as to the relative weight of oxygen and 
hydrogen, for we found that oxygen is approxi- 
mately sixteen times as heavy as hydrogen ; 
and, on the atomic theory, we asserted that 
water consists of a number of molecules, each 
of which contains two atoms of hydrogen and 
one of oxygen. If that theory were true, every 
molecule of water would consist of hydrogen to 
the extent of one-ninth part of its weight, 
whilst oxygen would supply the other eight- 
ninths, since the one atom of oxygon weighs 
sixteen and the two atoms of hydrogen taken 
together weigh two. If, then, water is made up 
of a number of such molecules, any quantity of 
water that we examine at any time should 
similarly prove to consist of one-ninth of 



hydrogen and eight-ninths of oxygen; and 
that is what is found. 

The Law of Multiple Proportion*. 

The second law which can be explained by the 
atomic theory, and by no other that has been 
suggested, is the law of multiple proportions. 
This may be simply illustrated by taking two 
familiar substances, such as nitrogen and 
oxygen. There are five known compounds 
of nitrogen and oxygen. When we come to 
weigh the proportions of nitrogen and oxygen 
in these five compounds, we find that they may 
be arranged in a series of a very significant 
character. If we represent the weight of 
nitrogen on the top line and the weight of 
oxygen on the bottom line, we find that the 
ratios in the five compounds are as follows : 

14 14 14 14 14 

8 16 24 32 40 

Now, 14 is the atomic weight of nitrogen, and 
16 is the atomic weight of oxygen. Thus, on 
the atomic theory, we can very readily explain 
the fact that there are five compounds of 
oxygen and nitrogen in which the weights of 
the two constituents are arranged in multiple 
proportion, 8, 16, 24, and so on. We can 
explain the first compound, in which we found 
the ratio of nitrogen to oxygen as 14 to 8, on 
the atomic theory, by asserting that this com- 
pound consists of the union of two atoms of 
nitrogen to one of oxygen. This is obvious, if 
for 14 to 8 we read 28 to 16, a ratio which 
suggests the composition we have stated. The 
formula of this substance is N 2 (). It is known 
as laughing-gas, and whenever we analyse 
laughing-gas we find that it consists of nitrogen 
and oxygen in the proportions by weight of 28 
and 16. The next compound of oxygen and 
nitrogen, in which the weights of the two 
elements are in the ratio of 14 to 16, must 
plainly consist of molecules which have one 
atom each of oxygen and nitrogen. Its formula 
is N O. Similarly, the next compound and the 
two next show a simple increase in the ratio of 
oxygen to nitrogen. 

Five Kinds of Molecules. We have 
to conclude that two atoms of nitrogen 
unite respectively with one, two, three, four 
and five atoms of oxygen, and form these 
five different kinds of molecules, whose com- 
positions illustrate the law of multiple pro- 
portions, and can be explained only by the 
atomic theory. The five formulas are as 
follows : NoO, NoOo, N 2 0 >H , N 2 0 4 , N a 0 5 — 
and these formula; illustrate the relations of 
the substances ; but it is more accurate to 
write N O and N 0» instead of NyCb, and 
N 2 0 4 , since it is probable that the simpler 
formula represent the actual way in which the 
atoms go about ; though the double formulae, 
when inserted in their place in the series, make 
more obvious the nature of the relation between 
the five compounds. If the reader will turn 
back to the ratios etc., which we gave in 
starting, he will see how perfectly they are 
explained on the atomic theory. If that theory 
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is rejected, these ration and numberless others 
that might be cited in illustration of the law 
ot multiple proportions, must be denied their 
only and obvious meaning. 

Law of Chemical Equivalent*. 

The third law which can be explained by the 
atomic theory is known as the law of chemical 
equivalents. This, also, can be easily illus- 
trated. Let us take a given quantity of hydro- 
gen, say a gramme [for the meaning of this 
term, see Physics]. Now, a gramme of 
hydrogen will unite exactly with eight grammes 
of oxygen, forming nine grammes of water and 
leaving over no oxygen and no hydrogen. 
Similarly, we find that if we take one grammo 
of hydrogen and 35*4 grammes of chlorine [refer 
to the table already printed, and note that this 
proportion is exactly the proportion of the 
atomic weights of hydrogen and chlorine], we 
find that the two will unite exactly, giving us 
36*4 grammes of a compound called hydro- 
chloric or muriatic acid, the formula of which 
is H 01. 

Now, the law of chemical equivalents states 
that chemical quantities which have equal 
power of forming chemical compounds are 
equal to one another. Thus, according to this 
law, eight grammes of oxygen are chemically 
equivalent to 35'4 grammes of chlorine, since 
each of these two quantities unites exactly 
with one gramme of hydrogen. But when wo 
say that eight grammes of oxygen are chemically 
equivalent to 36‘4 grammes of chlorine, we are 
saying in other words, on the atomic theory, 
that (if we double the two quantities, the 
relation is seen at once) two atoms of chlorine 
are chemically equivalent to one atom of 
oxygen, since tw f o atoms of chlorine will weigh 
70‘8 and one atom of oxygen weighs 16. The 
ratio 70'8 to 16 is the same as the ratio of 35'4 
to 8. Now', it is found that two atoms of 
chlorine are indeed equivalent to one atom of 
oxygen, for two atoms of chlorine will unite 
with two atoms of hydrogen (forming two 
molecules of H 01), and one atom of oxygen 
will also unite with two atoms of hydrogen 
(forming one molecule of water, H 2 0). 

We may take the atomic weights of any 
elements at random and use them as our guides 
in indicating the proportions of the elements 
that may be expected exactly to combine with 
each other in the formation of compounds ; 
and we find that the table of atomic weights is 
always a guide in such cases. Further con- 
firmation of the atomic theory will be found 
in the subsequent chapter on the laws of 
chemistry. 

Molecular Weight. Let us now return 
to the consideration of molecular freights — 
that is to say, the weights of molecules — 
which must necessarily depend upon the 
weights of the different atoms which compose 
them. The subject of molecular weights 
is exceedingly important, for we have already 
seen that elementary substances composed 
of only one kind of atom may appear in 
very different forms, having very different 
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properties, according to the number of the 
atoms that go to form each molecule. We saw 
this in the case of oxygen, 0..., and ozone, U ;t . 
The importance of the subject of molecular 
weights is not fully realised in many text-books. 

Many writers, for instance, are contented to 
use H and 0 as symbols for hydrogen and 
oxygen ; but this will not do. H and O are 
simply short ways of writing the names of 
Hydrogen and Oxygen. The symbol for the 
substance we call oxygen is not 0, but Oo. If 
we do not recognise this distinction, we are left 
with only one symbol, 0, to describe the two 
very different substances, oxygen and ozone. 
Similarly, in the writing of equations, we must 
never shirk the extra trouble involved in using 
our formulae properly. For instance, the 
easiest way of writing an equation to represent 
the decomposition of peroxide of hydrogen, 
H*0 2 , would be 

Ho0 2 = H.,0 + 0. 

But this is a very unsatisfactory way of writing 
the equation, unless we use it to express the 
fact already noted that for a moment the 
oxygen atoms are in a state of dissociation 
from each other, so that the oxygen is nascent, 
as chemists say. The actual result of decom- 
position of peroxide of hydrogen is the 
production of water and of ordinary oxygen — 
oxygen in which the oxygen atoms go about in 
pairs, and the formula of which is therefore 
0 L .. Now, in order to express this properly, 
we must go to the trouble of doubling all the 
terms of the equation, and we must write it thus: 

2 H.,0., - 2 H.,0 + 0. 

Similarly, the reader will find an illustration of 
the proper way of writing chemical equations 
if he turns back to the equation — the first we 
employed— that illustrates the decomposition 
of ozone into oxygen. It would not do at all 
to have written 0 :i — 3 O, because 0 stands for 
nothing. It is simply a short way of writing 
the name Oxygen ; but the element oxygen is 
composed of two atomed molecules, and, there- 
fore, we have to write our equation as we did 
write it in order to show that the product of 
the decomposition consists of a certain number 
of two -atomed molecules, which we represent 
by the formula? Oo. Having corrected this 
common error, and having undertaken never 
to sanction it, wo may now pass to the con- 
sideration of molecular weights. 

Actual Size of Molecules. The mole- 
cular weights to which we have hitherto 
referred are, of course, purely relative, like the 
atomic weights ; but we may first ask ourselves 
whether anything is known as to the absolute size 
and weight of molecules. This subject belongs 
rather, perhaps, to the domain of physics than 
to the domain of chemistry ; but, nevertheless, 
the chemical student must be interested to 
leant whether anything is known as to the 
actual size of these molecules to which he has 
to devote so much attention. A great deal of 
labour has been expended on this subject 
Hitherto we have referred only to molecules 
containing a very few atoms, but there is an 
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immense number of kinds of molecules that are 
relatively large and heavy, and contain hundreds 
of atoms. It is believed that the largest and 
most complex molecule known is that of 
haemoglobin, which is the red colouring matter 
of the blood. This molecule is supposed to. 
contain more than a thousand atoms belonging 
to the elements carbon, oxygen, hydrogen, 
nitrogen, iron, and possibly phosphorus. 

The actual or absolute size of this enormous 
molecule has not been studied ; but Lord Kelvin’s 
calculations lead us to conclude that if a drop of 
water were magnified to the size of the earth, 
its molecules would be of a size ranging some- 
where between that of small Shot and that cf 
cricket balls. 

So much for the absolute size and weight of 
molecules. We must now oonsider a subject of 
much more importance to the chemist — which 
is their relative weight, and which he always 
means when he speaks of molecular weight. 

Weight of a Volume of Gaa. Avogadro’s 
law r , afterwards to be discussed, states that 
equal volumes of all gases at the same tempera- 
ture and pressure contain the same number of 
molecules. This may be otherwise expressed by 
saying that the molecules of all gases occupy 
precisely the same space, given that they are 
placed under the same temperature and pres- 
sure. From our discovery of this law we are 
enabled to devise a method of ascertaining the 
molecular weight of a substance. We take the 
substance in the form of a gas or vapour (if the 
substance is not naturally a gas, we vaporise 
it or make into a gas for our purpose). 

Assuming the truth of Avogadro’s law, we 
see that a given volume of any gas, under given 
conditions of temperature and pressure, must 
differ from a similar volume of hydrogen under 
similar conditions precisely in so far as its 
molecules are heavier than those of hydrogen, 
for the law states that we are dealing with the 
same number of molecules in each case. If, 
then, the volume of the gas possesses a weight 
twice as heavy as the weight of a similar volume 
of hydrogen, the necessary inference is that 
each molecule of this gas weighs twice as much- 
as a molecule of hydrogen. 

Thus we can ascertain the molecular weight 
of any substance that can be studied in the 
form of a vapour or gas; but, unfortunately, a, 
great many substances cannot be vaporised, 
and in their case other methods must be 
employed. These will not be dealt with at 
length here. The most important of them 
depends on the fact that, when a given quantity 
of any substance is dissolved in a liquid which 
simply dissolves it and docs not affect it 
chemically, it lowers the freezing point of the 
liquid in exact proportion to its own molecular 
weight, which can thus be determined. A 
similar principle can be applied in various other 
ways, and by means of these freezing-point and 
boiling-point methods a great deal of informa- 
tion has recently been acquired concerning the 
molecular weights of a large number of elements, 
especially the metals and their nearest allies. 

Continued 



guardians of public health [civil service. 

Medical Officers of Health. Sanitary Inspectors. Inspectors of Nuisances. 5 

Other Health Appointments. Posts for Women. Salaries and Duties 

Continued from page 673 

By ERNEST A. CARR 


finer work is done under the direction 
of a local authority than that performed by 
its public health department. From quelling 
an outbreak of infection to dosing foul bake- 
houses or abating the evils of overcrowding, the 
publio health officials are perpetually doing 
battle in a thousand ways with dirt and disease, 
the indifference of employers on sanitary matters, 
and the ignorance of the employed 

The Medical Officer of Health. The 
command of this dvil force is in the hands 
of the Medical Officer of Health for the borough 
or district. His is a very responsible post, 
especially in densely populated or poverty- 
stricken areas. As the sworn foe alike of the 
jerry-builder, the rapacious “ house-farmer,” and 
the exploiter of insanitary slums and “ rookeries,” 
he has to combat a vast amount of interest, 
apathy and guile, as well as that “sheer 
ignorance ” to which Dr. Johnson unblushingly 
laid claim. This task requires not merely a 
highly qualified sanitary expert, but a sound 
administrator — impartial, shrewd, and resolute. 

The position of Medical Officer of Health offers 
many attractions to able young medical men 
who have specialised in sanitary science and 
have had some experience as general practi- 
tioners, but are unable to purchase a lucrative 
practice, and unwilling to spend their best years 
in establishing one. Difficult as the duties are, 
they afford a means of serving the public welfare 
directly and with real effect. By comparison, at 
least, with the dull round of a practice in a 
Bleepy parish, they are full of interest and 
variety, and they are free from the harassing 
conditions of fluctuating income and irregular 
hours which are the bane of a general practi- 
tioner's life. The salaries with which they are 
remunerated naturally cannot compare with 
those of the great consultants ; but, in com- 
parison with the low average earnings of fully 
qualified medical men, leading appointments in 
the municipal service are liberally repaid. 

Qualifications. The appointment of a 
Medical Officer of Health rests with the Borough 
or District Council concerned, but is subject to the 
sanction of the Local Government Board, which 
retains practical control by authorising the pay- 
ment from national funds (in most cases) of half 
the salaries of approved officers, and by specifying 
the qualifications necessary for its approval. 
These may be found set out in formal 
language in Section 18 of the Local Government 
Act, 1888. Briefly, the only essential for Medical 
Offioers of Health for the smaller districts is that 
they shall he legally qualified to practise surgery, 
medicine, and midwifery. With regard to more 
important areas, the Board's requirements are 
naturally more stringent 


The Value of the D.P.H. The section 
stipulates that (with certain exceptions in favour 
of established Medical Officers) no person shall 
be appointed Medical Officer of Health of a 
oounty, or of any district having a population of 
50,000 or more, unless, in addition to the 
qualifications given above, he is registered as the 
noldor of a diploma in Sanitary Science, Publio 
Health, or State Medicine. 

Of these three alternatives the most general* 
is the Public Health Diploma, entitling its pos- 
sessor to affix D.P.H. to hiB other qualifica- 
tions. Almost all the universities award it on* 
examination [see page 710], as well as the Con- 
joint Board of the Royal Colleges of Physicians 
and Surgeons. In addition, Dublin University 
gives a diploma in State Medicine ; while that in* 
Sanitary Science is granted by Durham, Victoria, 
and the Royal University of Ireland. The- 
requisite qualification is also secured by gradu- 
ating in the following special subjects: M.D: 
(London) in State Medicine; B.Sc. or D.Sc. 
(Edinburgh) in Publio Health; or like degrees- 
in Hygiene at Durham University. 

For those medical men who wish to qualify 
specially for the D.P.H. with a view to municipal* 
work, a valuable course of instruction is provided 
by the Royal Institute of Public Health. This- 
comprises lectures and laboratory work in 
hygiene and public health, and in bacteriology. 
The course also includes under the former head 
practical sanitary training, fever hospital ad- 
ministration, and three months* instruction ift 
sanitary law, sanitary engineering, vital statistics, 
and other branches of public health work, rein- 
forced by practical demonstrations and visits 
to municipal and other sanitary works. A 
detailed syllabus of this course will be found in* 
the official calendar, which may be obtained 
from the secretary of the Royal Institute of 
Public Health, Russell Square, London, W.C. 

The Medical Officer’s WorK. The 
student who intends to win eventually a chief 
appointment in one of the leading towns will 
not rest content with the minimum requirements 
prescribed by statute. He will be wise to- 
secure every degree and diploma within his 
grasp. In no other department of the muni- 
cipal service, probably, are professional and' 
scientific attainments so valuable in procuring* 
advancement ; and it is generally admitted that 
leading public health officers rank, as a class, 
with the most highly qualified members of the 
medical profession. 

An Order of the Local Government Board* 
defines the general duties of a Medical Officer of 
Health. Apart from advisory duties and tho 
keeping of certain books and statistics, they* 
may be conveniently summarised. 
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lie shall inform himsolf as far as practicable 
respecting all influences threatening to affect xnjuri- 
ouJlv the public health within the distnet. 

He shall inquire into the origin and distribution 

of diseases within the district, and ^^onditions 
extent the same have depended on conditions 

Ca ?fe >, shaH by'periodic and other inspection of the 
district keep himself informed of the conditions 

injurious to health existing therein. , 

On receiving information of the outbreak of any 
dangerous infectious or epidemic disease, he ehaU 
visit without delay the spot where the outbreak 
has occurred, and inquire into the causes and ciroum- 
stances of such outbreak, and take due measures to 
prevent its extension. . . 

Ho shall direct or superintend the work of tne 
Inspector of Nuisances, and on receiving information 
from the latter that his intervention is required m 
consequence of any nuisance injurious to health, or 
of any overcrowding in a house, he shall, as oarly as 
practicable, take the proper legal steps thereon. 

Wh en requisite, he shall himself inspect and 
examine any animal, oarcase, meat, fish, etc., exposed 
or deposited for the purpose of sale, and intended 
for the food of man, which is deemed to be unfit for 
the food of man; and thereupon shall give such 
directions as may be necessary. 

The Work under a Small Authority. 
It is customary for local authorities to specify 
these duties more precisely and to enlarge upon 
them. The supplementary list that follows was 
recently framed by the council of a borough just 
large enough to make the D.P.H. diploma 
essential. The duties set out are typical of the 
class of smaller appointments that a public 
health diplomat© might accept for his first 
responsible position. 

He shall be the Chief of the Health Department, 
and have control of the Sanitary Staff. 

He shall act as Medical Superintendent of the 
■Borough Hospitals. 

He shall be responsible for the scavenging and 
street cleansing of a specified portion of the Borough. 

Ho shall act as Medical Supervisor under the 
Midwive8 Act, 1902. 

He shall attend all Meetings of the Hoalth Com- 
mittee, and of any other Committee when required. 

Ho shall keen himself fully acquainted with such 
matters as Water Supply, Drainage (with the 
exception of Public Sewers), Scavenging, Insanitary 
Dwellings, and Overcrowding in the Borougli. 

He shall assist and advise the Council and the 
Health or other Committee on anv Bill in Parliament 
with referonoe to tho Public Health, the Water 
Supply, etc., and shall give evidenco in legal or other 
proceedings when required . 

He shall give assistance and advice when required 
in connection with the Sale of Food and Drugs Acts ; 
and shall perform any other duties imposed by tho 
Council. 

In larger boroughs, hospital duties are entrusted 
to a special officer, and tho control of the street- 
cleansing staff to another; while the public 
health expert is occupied instead with the 
more complex and far-reaching questions of 
sanitation that are constantly arising in con- 
gested districts. It should be realised that in 
any event the medical officer's duties are 
advisory, controlling, and professional rather 
than executive— a fact which the somewhat 
grimly phrased list given above is calculated to 
obscure. - 

He is the council's sanitary and scientific 
expert, consulted by the Health Committee and 
by his staff on all difficult and doubtful questions 
within his province. He is specially ccdled 


upon, as a skilled authority, to examine all food 
seized by his officers as unsound, and to inspect 
drainage works, insanitary premises, etc., i n 
respect of which serious issues are likely to arise. 
Otherwise he is responsible as expert in charge 
of a department rather than as executive officer. 

Salaries. Medical Officers of Health, like 
many other municipal servants, are remunerated 
on a scale varying with the importance of the 
authority employing them. The finest appoint- 
ments are in busy towns, and the next best 
under the County and the London Borough 
Councils. A good idea of their general range 
of value may be gathered from a list of stipends 
actually paid : 

London County Council, £1,250. 

City Corporation, £1,000. 

London Borough Counoils, £800 — £1,200. 

Fort of London, £650. 

Manchester, £950. 

Hampstead, £600. 

Chester, £500. 

Scarborough, £400. 

Acton Urban District, £500. 

Merthyr Tydfil District, £400, rising to £500. 

East Ham, £400, by £25 annually to £600. 

Tynemouth, £300, by £25 annually to £400. 

Devonport, £300, rising to £450. 

Holders of the major appointments kre 
debarred from private practice. Many of the 
smaller district councils, however, have no need 
of a medical officer’s full time services, and 
appoint general practitioners for partial and 
occasional service at small stipends ranging 
between £60 and £250 a year. 

The Best Practical Training. The 

highly specialised and practical studies needed 
to secure the D.P.H., and the scientific nature 
of his duties, make previous municipal training 
less essential for the medical officer than for 
most other servants of the public. Of the 
towns in our list, both Devonport and Merthyr 
were secured by private practitioners. Yet it 
rarely occurs that a post of the first rank is won 
by men who have had no previous experience 
of the sort. Thus, the City Corporation's 
medical officer previously held the same office 
for tho Port of London. His successor at the 
port was formerly Medical Boarding Officer at 
Gravesend, and afterwards had charge of Denton 
Hospital. The doctor now in medical charge 
of Chester held assistant rank at Stepney, and 
Acton’s medical officer was previously chief 
in a smaller district. 

The best practical training for a valuable 
post under a corporation is probably secured 
by a few years’ service either as principal 
medical offioer in a small district or assistant 
or deputy in a larger one. The county councils, 
however, who have to administer the Education 
Acts, are often favourably impressed by ex- 

E erience in children’s or general hospitals, and 
y special knowledge of diseases of the eyes, 
ears, throat, and chest. 

Deputy medical officers receive from £300 
to £500 a year, and assistants between £250 and 
£450, the former being the more usual figure, 
as a beginning salary at least. 



Other Medical Appointments. County 
hospitals and asylums, and those of the 
larger boroughs, afford a considerable number 
of fairly well-paid medical posts, both resident 
and visiting. The remuneration for resident 
appointments usually includes board, quarters, 
light and fuel, in addition to salaries ranging 
from £120 to £150 or more, for junior assistants, 
up to £500 or £650 for the medical superintend- 
ent in charge. Under the London County 
•Council the scale of pay at Asylums is as follows : 
Medical Superintendents, £1,000, with an un- 
furnished house ; senior assistants, £300, rising 
by £25 annually to £400 a year, with board and 
quarters of the estimated value of £85 a year ; 
junior assistants, £180 to £220, with similar 
advantages. The L.C.C., it may be noted, 
forbids its junior medical assistants to marry, 
but extends that privilege to the seniors. 

A principal resident appointment is seldom, 
if ever, given to a general practitioner, but is 
reserved for a specialist in mental or other 
diseases. Most medical superintendents have 
had several years’ hospital experience, at least 
in a subordinate capacity. 

Visiting appointments are usually offered to 
men who have reached some distinction in general 
or consultant practice. They are variously 
remunerated, the feeB in some instances being 
merely nominal, in others as much as 200 or 
300 guineas a year. 

Every county or borough administering the 
Elementary Education Acts employs at least 
one chief medical officer under its Education 
Committee, at a salary of from £500 to £700, 
with several assistant or district officers receiving 
about half as much. 

Police Surgeons. The leading police 
forces of the country are usually in medical 
charge of a salaried chief officer, and of district 
eurgeons, repaid by fees. The Metropolitan 
Police surgeon’s salary, for example, is £600, 
and a like post under the City Corporation is 
rewarded with £635 a year. Local practitioners 
of good standing are appointed divisional or 
district police surgeons, with fees for the actual 
duties performed. In London, where there is 
an allowance proportionate to the strength of 
the division, with special fees of 3s. 6d. per day 
visit to the station and 7s. 6d. per night call, 
they form a valuable addition to the earnings 
of a private practice, amounting in the busier 
districts to £400 a year or more. 

Sanitary Inspectors. If the Medical 
Officer of Health is the professional head of his 
department, the Sanitary Inspector, or Inspector 
of Nuisances, is its trained right-hand. He is the 
general executive officer for the supervision of 
all works affecting the health of his district and 
the enforcement of sanitary measures against 
those who would imperil it. On his zeal and 
judgment — and especially on his integrity — 
verv important issues depend. The inspection 
and testing of drainage and sanitary work of 
every kind, the abatement of nuisances due to 
dirt, neglect and overcrowding, the supervision 
of common lodging-houses, the seizure of diseased 
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and adulterated food, are among the many 
activities of this valuable public servant. 

Duties of so wide a range can only be performed 
by a skilled practical expert. Especially is this 
the case in a crowded district, where the problems 
of health and disease are at onco more complex 
and more pressing Hence it is that the Local 
Government Board intervenes to ensure the 
appointment of properly qualified persons as 
Inspectors of Nuisances, much as it does in 
respect of Medical Officers of Health, but with 
this important difference — that, except for 
London appointments, it prescribes no specific 
qualification. 

London Sanitary Inapectora. These 
officials are the most highly trained members 
of their class. They are appointed only after 
furnishing satisfactory proof of training, and 
passing a special examination held by the 
Sanitary Inspectors’ Examination Board, par- 
ticulars of which are given in the accompanying 
table. 

The evidence of training required is either 
three years’ duty (prior to 1900) as inspector 
in a district of 5,000 or more inhabitants, or 
a certificate of instruction in the practical 
studies of an inspector, etc., from an institution 
recognised by the Board. According to the 
latest returns, the London inspectors number 
281, excluding women. Their duties and the 
salaries they receive differ so slightly from those 
of provincial officers that on these points we 
may most conveniently discuss both classes 
of appointment together. 

Provincial Inspectors of Nuisances. 

For posts outside the London area the Local 
Government Board imposes no standard of 
training, but practically leaves health authorities 
a free hand in their choice of candidates. 
Except in the smallest rural areas, however, the 
appointing council generally requires applicants 
to possess a certificate of competency issued 
by one of the recognised examining bodies. 

The chief of these are the Sanitary Inspectors’ 
Examination Board (already referred to), the 
Sanitary Institute, and the Universities of 
Victoria and Liverpool. The Royal Institute 
of Public Health examines candidates for Irish 
posts only. Probably the most generally 
accepted certificate is that of the Sanitary 
Institute, the examination for which is also 
given in the appended table. Prospective 
candidates may be interested to learn that the 
Sanitary Institute has made arrangements with 
a number of authorities by which suitable 
persons may accompany inspectors on their 
visits, inspections, etc., and thus gain the 
practical knowledge required of all applicants 
for the inspector’s certificate. Particulars and 
specimen examination papers can be obtained 
from the secretary of the Sanitary Institute, 
Parkes Museum, Margaret Street, London, W. 
As every sanitary authority is required to ap- 
point at least one inspector, the total number 
of these posts is very great. 

A General Order of the Local Government 
Board defines the duties of sanitary inspectors 
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and inspectors of nuisances. It is too lengthy a 
document for inclusion here, but can be pur- 
chased for 6d. from Messrs. Knight & Co., Ltd., 
of 227, Tooley Street, S.E. 

Duties and Salaries. The general 
character of the work is sufficiently indicated by 
the examination subjects given, and by what 
has already been said of the inspector and 
his professional chief, the Medical Officer of 
Health. It may be added that bn hours of 
duty are irregular and often long, and his work 
as trying as it is useful. Candidates must usually 
be between 26 and 40 or 46 years of age. The 
.London County Council, however, which employs 
a number of health inspectors, imposes on 
applicants the narrower limits of 30 to 40 years. 

The average value of inspectors’ posts is 
shown by the following salary lists : 

London. Chief Inspectors, £&50 to £350. 

L.C.C. Inspecto s, £150 to £250. 

Westminster, £150 bv £10 to £220. 

Finsbury, £130 by £10 to £180. 

Southwark, £120 by £10 to £180, 

Battersea Food In poctor, £180; general, £120 
to begin. 

Wandsworth, £188. 

Provinces. Manchester, superintendent, £500 ; 
chief inspector, £250 ; smoke inspector, £200. 

Newcastle, £200. 

Lon^ton, £150 to about £200. 

Doncaster Rural District, £180. 

Sheomees Urban District, £100, by £10 to £120. 
Many men with a practical knowledge of 
building and sanitary work obtain assistant- 
ships, with salaries varying between £90 and 
£160 a year, and thus complete the all-round 
training requisite for an inspector’s post. 

Other Health Appointments. Towns 
with a large trade in cattle usually employ 
an expert staff of market and meat inspectors 
to supervise lairs and slaughter-houses, and to 
examine animals, both before and after death, 
for indications of disease. For the most part 
these officers are certificated inspectors of 
nuisances, holding also the special certificate in 
meat and cattle inspection awarded by the 
Sanitary Institute ana kindred societies. Their 
average rate of pay is as follows : Inspector, 
from £160 to £200 or £220 ; chief inspector, 
£300 ; superintendent, £350 to £500. The 
posts available are relatively few, and are 
reserved for men of special training. The 
scope and conditions of the examinations are 
indicated in the table on the next page. 

Among posts under the Health Committee 
aooessible to the uncertificated may be noticed 
the cleansing inspector, at £110 to £160 a year, 
the street-keeper at a slightly lower average 
salary, and the manager of the dust destructor, 
who usually receives froin £120 to £150, with a 
house, light and fuel in addition. Finally, we 
may note the positions available for women. 

WorK for Women. Until a few years 
ago there was no scope for feminine effort in 
the public health department, and although 
women are now employed there in yearly increas- 
ing numbers, there are still but three classes of 
appointment open to them — sanitary inspector, 
health visitor, or inspector of midwives. 


Women sanitary inspectors are as yet but a 
small band, London employing 28 of them, and 
the provinces about 60 in alL But they have 
already done invaluable work in improving the 
sanitary condition of workrooms and factories 
where women and girls are employed, and there 
can be no doubt that this new avenue of women’e 
activities will continue to enlarge. The qualifi- 
cations required in lady inspectors are precisely 
the same as for men, which have already 
been discussed. The usual limits of age for 
candidates are 21 and 35, with an occasional 
extension to 40. These posts are well paid, 
as these typical appointments will show : 

Westminster, £110, by £10 to £160. 

Islington, £100, by £10 to £150. 

Wanaswoith, £120. 

It is not surprising, therefore, that a number 
of women are training for inspectorships; but 
the competition hitherto has not been nearly so 
severe as for most other posts offered to women. 

Health Visitors. Women health visitors 
have lately been appointed in many districts, at 
the instance of public medical men, with a view 
to checking the terrible ravages of infantile 
mortality among the children of the poor. On 
the value of such a service to the nation there is 
no need to dwell. The medical officer for Durham 
County, a persistent advocate of the new system, 
states that “to get in touch with mothers of 
to-day, and bring to thoir notice in a practical 
manner the proper methods of feeding and 
managing their children, I know of no better 
means than the appointment of women health 
visitors. In many of' the large towns and some 
of the counties such women inspectors have 
been appointed, with excellent results in every 
case in which I have made inquiry.” 

The nature of a health visitor’s work is best 
indicated by an extract from a recent municipal 
advertisement : “ The duties will consist of 
house- to-houso visitation, advising mothers as- 
to the care and feeding of infants, visiting 
premises where females are employed, making 
inquiries into infectious cases, accompanying 
patients to isolation hospitals, and such other 
duties as the medical officer and inspector of 
nuisances may require.” For these duties some- 
practical training is essential, such as that of 
a maternity and general nurse. The salary 
varies from £90 to £120 a year. 

Inspectors of midwives are busy county 
officials whose duties are sufficiently indicated* 
by their title. The qualification usually insisted 
upon is that of a trained nurse ; but as the salary 
paid is good — at least £120 a year and expenses — 
a number of these appointments have been 
accepted by qualified medical women. The 
lady doctor holding this office under the Man- 
chester Corporation receives £250 a year. 

Note. On page 320 it is stated that the 
Common Councilmen of the City Corporation 
are appointed annually by the votes of the 
Livery. It should read, instead, “ by the 
votes of householders, or others holding the 
necessary occupation qualification, who are on 
the list of municipal voters.” 
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EXAMIN ATIONS FOR HEALTH & SANITARY OFFICERS 

1. EXAMINATION FOR THE PUBLIC HEALTH DIPLOMA 
Numerous Bodi eg grant Degrees. The Schedule given below is typical. See text. 


Examining Body, 
Time, ana Place 
of Examinations. 


Subjects of Examination. 


Fees and Age 
Limit. 


Royal comas 
ov Physicians, 
of London, and 
Royal Comas 
of Surgeons, of 
England. 

January and July. 


Medicine, Surgery, and Mid- 

fcrtteV^»dp7cw b " , " e Part 2 i8 a** 

r i SI? Adulteration, warming, Ventilation, Water Supply, and Drainage’ 

July. Principle* of Building Construction. Meteorology. SanitanKnglneS' 23 v 

Microscopical Examination of Foods ami wa 
Sectioul Disease* 61 ^ 011, Bacteriological Analysis. Disinfectants and 

PART2,~Law8 relating to Public Health, General Epidemiology Un- 
u wholesome Trades. Prevention of Nuisances. Parasitic Diseases. Climate. 

Effect* of Overcrowding, Vitiated Air, Impure Water, Polluted Soil 
B ad or Insufficient Food, Duties of Sanitary Authorities. Vital 
StatigWc*. Population, Birth Rate, Marriage Rate, and Death Rate. 
Mortality. Sickness Rate*. Occupation and Mortality. Life Tables. 


2. EXAMINATION FOR SANITARY INSPECTORS IN LONDON 


23 years and up- 
wards. 


Sanitary Inspec- 
tors’ Examina- 
tion Board, l. 
Adelaide Build- 
ings. London 
Bridge, S.E. 

January and May 
of each year. 


Evidence of practical training must be furnished by the Candidate. 

A. Preliminary. English and Arithmetic. Certain Educational Certificates 
exempt. 

B. Technical (written, oral, and practical). 

The following subjects as far as they bear upon the dutieB of a Sanitary 
Inspector. 

1. Elementary Physics and Chemistry in relation to Water, Soil, Air, 

and Ventilation. 

2. Elementary Statistical Methods. 

3. Municipal Hygiene or Hygiene of Communities, including Preven- 

tion and Abatement of Nuisances, Sanitary Defects in and about 
Buildings, and their Remedies, Water Supplies, Sanitary 
Appliances, Drainage, Refuse Removal and Disposal, Offensive 
Tradeg, Disinfection, Food Inspection. 

4 . Statutes, and the Orders, Memoranda, and Model By-laws of the 

Local Government Board, and the By-laws in force in tiie ' 
Administrative County of London. | 


£3 3 0 I 
(Half fees for second 
attempt.) 


21 years and up- 
wards. 


8. EXAMINATION FOR SANITARY INSPECTORS OUT OF LONDON 
Sanitary Inspectors in the Provinces are usually called Inspectors of Nuisances. 

Royal Sanitary Evidence of practical training or of attendance at certain lectures must I 
Institute, be furnished by the Candidate. 

ParkeB Museum, Practical and Theoretical knowledge of the Acts and Model By-laws i 
London, W. relating to the duties of Inspector of Nuisances. 

A knowledge of what constitutes a Nuisance. £3 3 0 

Twice yearly in Inspection of Dwellings, Dairies, Markets. Slaughter-houses, etc., and (Half fees for second ] 
London; once or Nuisances connected with Trades, including Bakehouses, Workshops, or third attempt) 

more in Edin- Stables, and Offensive Trades. Physical Characteristics of good Drink- if within two ■ 

burgh, Belfast, ing Water, and MeanB of Preventing Pollution. Water Supply. The years.) 

Manchester and Characteristics of Good and Bad Food. The Regulations affecting 

other centres. Infectious Diseases. Disinfectants and their Use. Pure Air and the 21 yearB and up- 

Causes of Deterioration. Principles of Ventilation, and of Good wards. 

Drainage. Sanitary Appliances for Houses. Inspection of Builders' 
and Plumbers' work. Drain Testing. Scavenging and the Disposal of 
Refuse. A Knowledge of the General Duties of the Office, and Methods 
of Keeping the necessary Books and Records. Writing and Spelling. 


4 . EXAMINATION FOR INSPECTORS OF MEAT AND OTHER FOODS 


Royal Sanitary 
In stitute, 
Parkes Museum, 
London, W. 


Twice yearly in 
London, and once 
or oftener in 
Provincial Cen- 
tres, as chosen 
for the year. 


Candidates must possess Certificate a* Sanitary Inspector or Inspector of 
Nuisances, or Exemption Qualification, must have liad training in Meat 
Inspection, approved by Committee, and must show Testimonials to 
Personal Character. 

Subjects of Examination : Laws affecting Inspection and Sale of Meat 
and other Articles of Food, including Preparation and Adulteration. 
Disease in Animals for Food, alive and dead. Tuberculin and other 
Tests. Organs of the body in Animals. Appearance and Character of 
Fresh Meat, Organs. Fat, Blood, Fish, Poultry, Milk, Fruit, Vegetables, 
and other Food. The Hygiene of Byres, LaiiB, Cowsheds, and Slaughter- 
houses, and of Markets, Dairies, and other places. Stalling And Slaughter- 
ing Animals. Preserving and Storing Meat and other Foods. 


£3 3 0 

(Half fees for second 
and third attempt 
if within two 
years.) 

21 years and up- 
wards. 
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of the employers by purchasing a partnership in 
an existing business, the considerations we have 
already recited should guide his actions. But 
to enter a business as a partner often works out 
badly. We shall assume that our man is 
imbued with the spirit of enterprise, that he 
will seek to apply his modem knowledge to the 
improvement and expansion of the concern 
with which he has identified himself. If the 
partner or partners who were there before him 
acknowledge the need for improvement and the 
possibility of expansion, and give him scope for 
the exercise of his energy, all will be well. 
But if, as is too often the case, the older partners 
insist that he should crawl in the same narrow 
path that they have followed, the trouble will 
have begun, and an inharmonious partnership will 
result. The man who intends to enter a firm 
should first of all pass a probationary period 
as an employee ; he should satisfy himself that 
the policy of the concern is such as he can 
approve, or, alternately, that there will be no 
strong opposition to his efforts at modernising 
it. He should also preserve to himself, if 
possible, the liberty to withdraw from the 
partnership after a stipulated time if he finds 
that he cannot work in harmony with his fellow 
partners. The conservatism of age and the 
energy of youthful enthusiasm are often incom- 
patible. 

Beginning a New Business. We 

may now very briefly consider the alternative 
method of acquiring a right to a shop sign— the 
starting of a new business instead of the purchase 
of an old one. It is often the much wiser 
course. The work is much harder at first, 
but it pays the right man. He makes his 
connection instead of buying it, and thus saves 
the money it would have cost him. He can 
start with a fresh stock of his own selection, 
with premises and fixtures to his mind ; he is 
not bound by the legacy of precedent, and he 
can at once put into practice his ideas of proper 
business method. Should success attend his 
efforts, he has also for reward the pride of 
personal unaided achievement. He can say to 
himself, “ Alone I did it ! ” And that this is a real 
gratification will bo certified by those who 
have earned the right to say it. 

Cash op Credit 7 The chief consideration 
for any novitiate in the ranks of shopkeepers 
when he is about to determine what business 
policy he will pursue is that a credit business 
must have at command much more capital than 
a cash business. The young man who would 
establish himself upon the modest savings of his 
assistantship should choose a neighbourhood 
where the trade promises to be approximately 
similar to that to which he has been accustomed, 
but, other things being equal, he ought to give 
preference to a place where his turnover will be 
accounted for by as large a share of cash takings 
as possible. The advantage of the cash system 
from the retailer’s point of view may be tabulated 
as follows : 

1. The possibility of trading upon a smaller 
capital. 

2. The obviation of loss by bad debts. 


8HOPKKKPINQ 

3. The absence of bookkeeping and the con- 
sequent reduction of working expenses. 

4. The greater facility offered of meeting obli- 
gations promptly, and thereby of securing better 

5. The ability to take advantage of cash 
bargains that may offer through having cash 
at command. 

Strictly cash terms may be possible in a city 
thoroughfare where the trade is chiefly casual, 
but where the connection is a family one in a 
residential neighbourhood they are impossible. 
The retailer who refused to depart from them 
would probably be banished from Suburbia by 
insolvency. It may be accepted, then, that the 
usual retail business is one run on both cash 
and credit lines. 

One Price or Two ? It must be decided 
whether the cash and the credit customer should 
be put upon different terms — if there should be 
two prices. The tradesman cannot deny to his. 
cash customer a just right to consideration for 
ready money. He himself will insist upon it in 
dealing with his merchants. On the other hand, 
he must take care that his family customers who 
run accounts should not have it too prominently 
brought before them that they have to pay for 
the privilege of an open account. The most 
suitable system yet devised iB that of graduated 
discounts, say ten per cent, discount for cash, 
live per cent, discount if the account lie paid 
within one month, and strictly net if longer 
credit be taken. But on some articles such 
terms arc impossible. They may, under stress 
of competition, be sold upon less than a ten 
per cent, margin, so that to sell them under 
the cash discount mentioned would be to incur 
a loss on every sale. 

A recently introduced method of encouraging 
a cash trade, and of differentiating between the 
cash and credit customers, has much to recom- 
mend it. Every cash purchaser, of however small 
an amount, receives a voucher for the amount 
of his purchase, and when he or she has 
accumulated vouchers indicating that goods to 
the value of 20s. have been purchased, they may 
be exchanged for goods worth Is. This looks 
like a five per cent, discount. To the customer 
it is, but it works out at far less than 
five per cent, to the retailer. Even if every 
voucher received were afterwards presented, the 
discount would be only about three per cent., 
because the shopkeeper has his profit upon the 
shilling’s worth given for the sovereign’s worth 
of vouchers. Moreover, it is found in practice 
that not more than sixty per cent, of the vouchers 
issued are presented for redemption, hence the 
discount upon the gross cash sales works out at 
less than two per cent. Another effect of the 
system is to induce petty customers to patronise 
the voucher tradesman, so as to add to the 
number of vouchers, many times when it would 
otherwise be more convenient to go else- 
where. 

One system of trading which should be avoided 
is that under which retailers issue “ trading 
stamps,” or warrants upon independent firms, 
who exploit the trading-stamp idea to their own 
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190 between 

the Owner, of the one pert, end 


SHOPKEEPING 

profit. These independent firms mast have a 
profit upon their transactions, and the retailer 
may retain this profit to himself by following the 
plan just described. 

Hire-purchase System. The hire- 
purchase system has been making headway 
in retail commerce, and has become particularly 
associated with some departments — the trades 
purveying musical instruments, cycles, furniture, 
sewing machines, 
laundry machines, 
and baby-carriages. 

Much of the odium 
that formerly at- 
tached to it has 
disappeared under 
the examples of the 
many firms who 
conduct it upon 
conditions eminent- 
ly fair to the cus- 
tomer while profit- 
able to themselves. 

Into all the intri- 
cacies of the system 
we cannot enter 
here. The man 
who would adopt 
it as a business 
feature must study 
the practice of 
others and the law r 

r n the subject. 

may with ad- 
vantage refer to the 
book issued by the 
secretary of the 
Hire Traders’ Pro- 
tection Association, 
at 27, Chancery 
Lane, London, E.C. 

The form of agree- 
ment issued by this 
association, which is 
reproduced by per- 
mission, embodies 
the points essential 
to the enforcement 
of re-delivery of 
any goods sold 
under the system. 

The adoption of 
the hire-purchase 
system requires 
the employment of 
capital which the 
beginner may lack. 

If he find that 
a measure of this system is desirable, he 
may call in the services of firms who make 
it their business to take all risks, paying 
him the cash price whenever the article is 
delivered and the debt accepted, and taking 
as their profit the difference between the cash 
and the instalment price. It is much more 
profitable for the retailer to shoulder the burden 
himself, and the instalment agency should be 


patronised only when funds do not permit of 
the employment of capital in this branch. 

Most retailers who cater for custom under the 
hire-purchase payments try to secure! a first 
deposit as large as possible. One large London 
firm insists upon a payment of 26 per cent, 
before the delivery of the goods ; others seem 
to find the business profitable without any such 
condition. It is usual to allow the instalments 

upon larger Bums to 
extend over a longer 
period than small 
sums. A good 
system adopted in 
the furniture trade 
is by scale graded 
as follows : . 


day of 
of 

hereinafter < 
of 

hereinafter called the Hirer, of the other part. 

TWfameff that the Owner agrees to let, and the Hirer agrees to 
hire, the goods mentioned at the side hereof belonging to the Owner, upon the 
terms and conditions following.— 

1 The Hirer to pay the sum of/ on signing this Agreement 

(in consideration of the option of purchase herein granted) and for 
which credit will only be given in the event of the hirer purchasing 
the said goods. 

a The Hirer shall punctually pay to the Owner without previous demand the 
rent of for the hire of the said goods 

commencing with the day of 

S In case the said rent shall be in arrear more than seven days, or in 
case the Hirer commit any breach of this Agreement, or suffer any 
breach to be committed, the Owner shall thereupon be entitled to take and 
resume possession of the said goods and for that purpose full power and 
liberty are hereby given to the Owner, his servants, and agents, to enter 
into any house or buildings of which the Hirer may be. or appears to be, 
tenant and there to search for and retake the said goods without any 
resistance on the part of the Hirer, his relatives, friends or servants. 

4 The Hirer will keep the Mid goods in good order and repair, damage 

by fire included, but (air wear and tear excepted. 

5 The Hirer shall not remove or suffer the said goods to be removed 

without the Owner's permission, and shall keep the said goods 
free and exempt from all legal process. 

6 The Hirer may terminate the hiring by delivering up to the Owner the 

said goods in good order and condition, and thereupon this 
agreement shall be void, subject nevertheless to the rights of the 
Owner in respect of rent and damages (if any) accrued previously 
to the delivering up of the said goods. 

| Upon punctual payment of rent as aforeMid amounting to the Cull sum o( 
£ the Mid goods shall become the absolute 

property of the Hirer freed from payment of all further rent, but until 
payment of the Mid sum the Hirer shall remain Bailee only of the 
Mid goods. 

8 Any relaxation or indulgence which the Owner may show to the Hirer 
shall not in any way prejudice his strict rights under this agreement 


Deposit. 
Value. Per 

Balanoe 
til equal 

Cent. P*yu»euU. 


Weeks. 

£l to£10 10 

20-25 

£10 „ £20 12* 

40 

£20 „ £30 15 

52 

£30 „ £40 20 

78 

£40 „ £50 25 

104 


Stgntur* 

WUmtsi 


JroPYjninirT^^ 


HIRE-PURCHASE AGREEMENT ISSUED BY HIRE TRADERS 
PROTECTION ASSOCIATION 


Continued 


Sometimes the 
period of three years 
is allowed, but 
generally this is too 
long. It may be 
accepted that a 
large proportion of 
those who agree 
to discharge their 
liability within two 
years will not have 
redeemed their bar- 
gains much under 
three years. The 
hire - purchase sys- 
tem makes for good 
quality. Payments 
cannot well be en- 
forced for articles 
that have not with- 
stood the wear and 
tear of the period 
of instalments, 
and, as the hirer 
or purchaser 
has the right of re- 
turn, the merchant 
who Bells bad arti- 
cles will find him- 
self loaded with a 
stock of surren- 
dered merchandise. 
The Keeping of all hinds of Shops. 
The scheme of this course includes practical 
articles on every department of shopkeeping 
Such branches as are allied to one or other of the 
more important trades will be treated separately, 
so that the articles will be a guide to the adop- 
tion of side-line departments as well as to the 
establishment of independent shops. The articles 
begin in Part 6 of the Self-Educator. 
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Example 2. 


Find the value of 


1 

2i 


1 


i 

41 


Given expression 


20 4 15 4 12 

47 


Tib 

60 


i 1 1 a 

1 , 4 

5 

7 + 13 21 7 

1 13 

! 21 

3’ 4 5 



47 



60 



' 117 4 84 + 05 



273 

13 



*n 


47 200 47 

— - -T- =_ - X 


611 

60 273 ft* 


760 

20 

38 



A riff. 


Thus 


3 5 18 5 

8 *9 ^ 4 * 3 *9^27* 


2 +■ 


2 4- ■ 


5 4- ' 


5 4- ■ 


3 4- 


o 

ir 

6 


12 

11 


24- 


24- 


5 4 


11 

45 


45 

236 


230 

517 




86. A Compound Fraction is a fraction of a 
fraction. 

Thus, $ of 4 is a compound fraction. 

To obtain $ of * we have to divide 4 into 
5 equal parts and take 3 of them. But 4 
5 = ft. And three of these parts = 3 x ft 

— hi- 

Hence jj of 4 = Is ; which is also the value 
of g x 4. 

Therefore, the word “ of ” has the same 
meaning as x . 

87. In expressions where additions and sub- 
tractions as well as multiplications and divisions 
occur , the multiplications and divisions must be 
performed before the additums and subtractions. 

Thus J -+• X -f § means that J is to be divided 
by jj, and i( is to be added to the result. 

It does not mean that if is to be divided by 
the result obtained when we add 5 to This 
would be represented by J -s- (J 4 - |). 

In such expressions as } -f- $ x f;, each of the 
symbols x, refers only to the fraction 
immediately following it. 

13 5 18,5 10 

'4 


EXAMPLES 10 

Arrange in order of magnitude, writing the 
least first: 

I. as, 11 

2- 5?» 1 M* 

3. ftV ftV 
Find the value of 

4. 3f 4- ljf 4- M 4" 5 ft« 

5. U + 4 ft - 25 J. 

6. 3* - 4J 4- 5£ — 6$ 4- 7?. 

7 - + ssVa- 

8. £ of ft of 5 - 4 of g of J. 

9. (24 of 4} - 3ft) +(4 4-1 of 3J). 

10. 6} x 3ft - 7ft + -41 x 5ft, 

II. j*- 4 (5j 4 3£) of llj J -s- { 8f’ - (4[J f; of 51) | . 

1? 21+ 3^122 of 13i (7|-Jof 8)+8l . 

' 51- - 4} 9} of 6 ' (lOg - 22 of 4) +3 J of 7?. 

13. 12 


3 - - 


1 


1- 


2 

3 4. ? 


14. 


3 t - 


1 


- 1 1 


2 4 

• r >+l 


34 - 

3 4- v 


But, if the above expression were written 
J -+- 1 of f; it would mean that J of f; is to be 
treated as a single quantity, and the value 
would be J ■+- (| x [;) — j 1h - J x { j? — |i =11. 


15. 3 \- 


3-- 


88. Continued Fractions. A fraction 
of the following form is called a Continued 
Fraction. 


1 



5 . _» 


34 

1 + 3 

To simplify it, w'e begin at the lowest line. 
Thus, the given fraction 
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89. Expression of Decimal Fractions 
as Vulgar Fractions. 

Example. Express 5*375 as a vulgar fraction. 

* 375 = 375 thousandths. 

Therefore. *375 = 5ftft — 5| A ns. 

Hence, the rule is : Take the digits of the 
decimal for numerator ; for the denominator 



MATHEMATICS 


put down 1 followed by as many noughts as 
there are digits in the decimal. Reduce this 
fraction to its lowest terms. 

90. Expression of Vulgar Fractions 
as Decimals. 

We have seen [Art. 85] that a vulgar fraction 
represents the quotient of the numerator 
divided by the denominator. Therefore, to 
convert a vulgar fraction to a decimal fraction, 
we divide the numerator by the denominator. 

The process is, in fact, the same as that 
already explained in Art. 33. 

Example. Express as a decimal. 

4)3*0 Use factors of 32, and proceed 

8) *75 as in Ex. 1, x\rt. 33. 

*09375 An*. 

It will be found in many cases that there 
is always a remainder, so that the quotient 
can be continued indefinitely. [Ex. 2, 
Art. 33.] 

FRACTIONS OF CONCRETE 
QUANTITIES 

91. From the definition of a vulgar fraction, 
it is clear that to obtain any required fraction of 
a given compound quantity we divide by the 
denominator of the fraction and multiply the 
result by the numerator. 

Example 1. Find the value of { of £3 17s. 4Jd. 
£ s. d. 

9 )3 17 4j 
8 7i* 

7 

£3 0 An* . 

* After dividing the pence by 9, there is a 
remainder 1 Jd. — ijd. and f -f- 9 - f* -= i* 

Example 2. Find the value of 4J of 
£6 18s 2d. 

£ s d. 

8) 6 18 2 

17 3| = J of £6 18s. 2d. 

3 

2 11 9J = 1 of £8 18s. 2d. 

27 12 8 = 4 x £6 18s. 2d. 

£30 4 5| Ans. 

To obtain the value of a given decimal fraction 
of a concrete quantity, we may reduce the 
decimal to a vulgar fraction and proceed as 
above. . 

Or, we may adopt the method shown in the 
following examples. 

Example 3. Find the value of 2*13625 
of £5. 

2* 13625 of £5 = £10*68125 
_ 20 
13*62509 s. 

12 

7 * 50q d. 

4 

2*9 far 
£10 13s. 7*d. Ans. 


Explanation. Multiply 2*13625 by 5. Mul- 
tiply the decimal jmrt of the product by 20 to 
reduce it to shillings. Multiply the decimal 
part of the shillings by 12 to reduce it to pence ; 
and so on. 

Example 4. Find the value in tb. and 
decimal of a lb. of *0123 of 3 tons 5 cwt. 47 lb. 

3 tons 5 cwt. 47 lb. 

20 Reduce the tons, 

~65 cwt. etc., to 11>. and take 

112 *0123 of the result. 

'607 
672 

7327 lb. 

[0123 

73*27 

14*654 

2*J981 

90*1221 lb. Ans. 

92. The converse of this operation is to find 
by what fraction (vulgar or decimal) we must 
multiply one given quantity to produce another 
given quantity. 

Example i. What fraction of 2 tons 7 cwt. 
2 qrs. is 1 ton 8 cwt. 2 qrs.? 

Express each of the quantities as simple 
quantities in terms of the same unit. 

Thus, 2 tons 7 cwt. 2 qrs. ~ 190 qrs. 
and 1 ton 8 cwt. 2 qrs. =114 qrs. 

Hence 1 ton 8 cwt. 2 qrs. is evidently of 
2 tons 8 cwt. 2 qrs. — 

i.e., Required fraction = \ Ik — Ans. 

We therefore have the following rule. To 
express one compound quantity as the fraction 
of another of the same kind, reduce the quanti- 
ties to terms of the same unit ; take the first 
uantity for numerator and the second for 
enominator. 


Example 2. Reduce £7 3s. 2|d. to the 

decimal of £5 4s. 2d. 

£ s. d. 

£ 8 . 

d. 

7 3 2} 

5 4 

2 

20 

20 

Here we re- 

143 s. 

104 s. 

duce the two 

12 

12 

amounts to 

1718 d: 

4 

1250 d 

4 

farthings, and 
divide the first 

6 S75 far. 

5000 far. 

by the second. 


5*000)6^875 


1*375 Ans. 

93. Miscellaneous Questions Involv* 
ing Fractions. 

Example 1. In a cricket match, one man 
made £ of the total runs ; another man made 
J of the remainder. These two scores differed 
by 7 ; what was the total ? 

First man made J of the total. 

Second man made £ of the remainder, = J of 
| of the total = of the total. Therefore, 
difference between their scores = (i~r>) of the 

total — — — J of the total. 

Hence, 7 runs is of the total : so that the 
total =7x9 = 63 runs Ans. 
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Example 2. In paying two bills, one of which 
exceeds the other by ^ of the less, the change 
out of a £5 note is half the difference of the bills. 
What are the two amounts ? 

Difference between the bills = J of smaller 
bill. 


And, change out of £5 = £ difference between 
the bills — £ of J of smaller = £ of smaller. 

But, the larger bill equals 1 J times the smaller. 
Therefore, since the two bills and the change 
make £5, we have 

(1 J 4-1 4- J) of the smaller bill = £5 ; 

i.e., 2j times the smaller = £5. 
Therefore, 

Smaller bill = = £2 1 

2$ 5 \- Ana. 

and 

Larger bill = £2 + £ of £2 = £2 1 3s. 4dJ 


Example 3. For one-third of a mile a 
submarine cable is laid overland, *£$ of it is 
suspended in the water, £$ lies on the bed of the 
sea. Find its length. 

The fraction of the cable laid overland is 
evidently (1 - £#) of its length. 


240 - 20 - 219 
240 


= length. 


.*. °f its length = £ of a mile. 
Hence, total length = = 80 miles Ans. 


EXAMPLES 11 


1. Reduce the difference between £ of ^ of a 
guinea and *128 of £1 to the decimal of half - 
a-crown. 


2. Express x of an hour in minutes. 

o75 

3. A sum of money is divided amongst three 
men, so that the first has J of it, the second has # 
and the third has 38s. What is the sum ? 


4. A boy sold his knife for half-a-crown and 
gained a quarter of what it cost him. For 
now much should he have sold it to gain a 
quarter of the selling price ? 

5. A man left £460 to his youngest son, f of 
his money to his second son, and to his eldest 
son he left as much as to the other two together. 
How much money did he leave altogether ? 

6. Three brothers have a sum of money 
divided amongst them so that each has $ of 
what his next eldest brother has. The eldest 
has £73 2s. 6d. more than the youngest. Find 
the sum of money. 

7. What decimal of £ of 2££ of £2 is equal to 
*66376 of £17 — 14*295 crowns ? 


8. In walking from one town to another, a 
man finds that at two o’clock he has completed 
\ of his journey, and at 2.15 he has completed 
J. At what time will he reach his destination ? 

9. A woman had a certain number of oranges. 
She sells A half of them and one more, to B 
she sells half the remainder and one more, to 
3 she sells half the new remainder and one more, 
\nd she now sells one more than half of what 


she has left to D. She has three oranges left. 
How many had she at first ? 

10. At a point of his journey from one place 
to another, a man noticed that $- of the distance 
he had already travelled was J the distance he 
still had to go. After another 2\ miles he had 
just completed half his journey. How many 
miles had he still to go when he made the first 
observation ? 

Answers to Arithmetic 

Examples 1 

1. 770904. 2. 395504. 3. 9712. 4. No. 

of third class = 389 - 177 = 212 ; No. of second 
class = 389 - 262 = 127 ; No. of first class = 
177 - 127 = 50. 5. (a) 4236705 ; (6) 2494851612. 
6. He sells 129 sheep for 7s. each more 
than they cost. Gain on these = 129 x 7 = 903s. 
He sells 82 sheep at a loss of 3s. each. 
Loss on these = 82 x 3 = 246s. On the whole, he 
gains 903 - 246 = 657s. 7. (a) 14403 ; (6) 1141 

quo. 505 rem.; (c) 608379 quo. 196126 rem. 
8. Total gain = £840 - £720 = £120. Gain on 
each animal = £2. .*. No. of animals = 120 2 

= 60. .*. Prioe he paid for each animal = £720 -*- 
60 = £12. 9. To give the first boy 2, the second 3, 
and the third 4, requires 24-34-4 = 9 marbles. 
Since 270 -*-9 = 30, the first boy can therefore 
have thirty 2’s, the second thirty 3’s, the third 
thirty 4’s — i.e., 60, 90, 120, respectively. 

10. 1 lb. of coffee is worth 18-*- 3 — i.e., 6 lb. 
sugar. 82 lb. are worth 82 x 6 = 492 lb. sugar. 

Examples 2 

1. 659*71012. 2. 141*23571. 8. (a) 6*58476; 
(b) 677*97647. 4. (a) 4*2167; (6) 588*411. 

5. (a) 23705*5; ( b ) 5*563296; (c) *1443532. 

6. (a) 518*4256; (6) 1*29519. 7. (a) *0203704; 

(b) 34*6469090 . . . ; (c) *316. 8. (a) *02579; 

(b) 575*65. 9. (a) 6*88; (b) *0601 ; (c) 001963; 

{d) 6000. 10. (a) 120000 ; (6) 2*73665 ; (c) 4725 w 

11. We have to divide 463 hundredths into 

36419*85 hundredths. The quotient is 78, and 
remainder 305*85 hundredths — i.e., 3*0585. Thus, 
the subtraction can be done 78 times, and the 
remainder is 3*0585. 12. 58921*09175. 13 

37*5025. 14. 280*03. 15. 3. 16. 60000. 


Examples 8 

1. 291911. 2. 46125. 8. 6241852. 4. 47380. 
5. 120921. 6. 484347. 7. 1691. 8. 4276. 

9. 2171. 10. 467. 11. 11237. 12. 128268. 

13. 51799. 14. 495780. 15. 2008800. 16. 

13188. 17. 1757. 18. 163539. 19. 1079822 

20. 26651. 21. 27477. 22. 1190274. 28. 

14664. 24. 224028. 25. 37524. 26. 3671316. 

27. 185337. 28. 75727. 29. 263970. 80 

9331200. 31. 232. 32. 494. 88. 15 84* 

3716. 


[The answers to Examples 4—11 appear in 
Part 6 of the Self-Educator.] 

Note: In Examples 7, No. 13, page 230, for 
£29 15s. read £29 5s. 


Continued 
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Group 11 

OPERATIONS IN FIELD SURVEYING 

CIVIL 

Including Tacheometrical and Plane Table Surveying. 

ENGINEERING 

Finding the True North. The Magnetic Needle 

5 


Continued from pngo 51M 


By Professor HENRY ROBINSON 


Declination or Variation of the 
Magnetic Needle. This is the horizontal 
angle that the compass-needle makes with the 
true meridian, and is never a constant quantity. 
The value of the variation of the needle is given 
every year in “ Whitaker’s Almanac.” It is 
necessary to obtain the value of the angle due 
to the variation of the needle when plans are 
being plotted to “ true ” north, in order that 
corrections may be made to the compass readings 
which are taken in the held, and from which 
the plan is being plotted. 

The daily variation in the declination of the 
needle consists in a swinging of the needle 
through an arc of about 8 in., the north end 
having its extreme easterly variation about 
$ a.m., and its extreme westerly variation about 
1.30 p.m., the mean declination taking place 
about 10.30 a.m. and 8 p.m. 

To Find th© True North. The meridian 
of a station on the earth’s surface is a great 
circle passing through the North 
and South Poles, and through 
the station. The inter-section 
of this circle with the sensible 
horizon of the observer is called a 
meridian line, and marks the north 
and south points of his horizon. 

This, of course, varies according 
to the geographical position of 
the observer. A method of finding 
the line of meridian by the sun 
has already been explained when 
dealing with “ Chain Surveying.” 

Another method is that known 

onrl i« 


Herschel describes the azimuth as the angular 
distance of a celestial object from the north or 
south point of the horizon, according as it is the 
north or south pole of the horizon which is 
elevated, when the object is referred to the 
horizon by a vertical circle. 

It is evident that when the altitudes of the 
sun — or of a star — are equal on either side of the 
meridian, its azimuths or bearings, whether 
reckoned both from the north or both from the 
south point of the horizon, must also be equal. 
Consequently, a line through the north and south 
points of the horizon will bisect the horizontal 
arc thus determined, and may therefore be 
marked on the ground. 

Allowance for th© Sun’s Deflection. 

In observing the sun very accurately, either 
its upper or lower limb should be taken. If 
much time elapses between the observations, a 
correction must be applied to compensate for 
the change in the sun’s declination during 
the interval. 

From mid-winter to mid-summer 
the sun gradually approaches the 
North Pole, and consequently a 
shorter period will intervene between 
ascending from a certain altitude 
to the meridian to descending from 
the meridian to a similar altitude 
on the other side (which is in 
northern latitudes). The reverse 
takes place from mid -summer to 
mid-winter. The change of declina- 
tion is given for every hour in the 
“ Nautical Almanac.” 

Another simple method is by 




i/PSA M/POP 



i/PSA MAJOR 


the telescope of a tneoaomc, and carefully 
level the instrument. Observe the sun at some 
distance to the east of the meridian an hour or 
two before noon, as about noon the motion 
of the sun is nearly parallel to the horizon. 
In this position, take the reading on the 
horizontal scale of the instrument, the vertical 
arc being securely clamped. When the sun 
has passed the meridian and is descending 
in the weBt, turn the telescope so as to 
3 t it, the vertical arc still being clamped^ 


Alioth , which is one of the combination known 
as the Great Bear (Ursa Major) [43]. 

It is known that these stars pass the meridian 
within about nine minutes of each other. The 
method of obtaining the meridian from these 
stars is as follows : Suspend two plummets by 
fine thread at the end of a rod exactly between 
the star Alioth (B) and the eye when the former 
is nearing the meridian. Then, at the moment 
the pole star (A) is also seen along the two 
plumb lines, they will be nearly in the plane of 


evident that the aiiauue is piwu*:ij me 
that observed before noon. Take the reading on 
the horizontal scale, then the difference between 
this and the reading taken before noon will 
be the azimuthal , or horizontal arc, described 
by the sun in the interval between the two 
observations. 


- . .It 

is now proposed to give some information with 
regard to a few instruments that are used in 
connection with the work for purposes of rapid 
field-work. 

The most usual method has been to fix the 
positions of points on a plan by means of the 
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theodolite and chain, whilst their differences of 
vertical height have been obtained by the level. 
In recent years the theodolite has come into 
prominence on account of the accuracy that can 
be obtained in arriving at the differences of 
level of places by means of the vertical circle of 
the instrument, while at the same time the 
direction and position of points with regard to 
one another may be fixed by readings to an 
ordinary level-staff. 

Another form of theodolite used for this 
purpose is the Tachometer , which is really a 
transit theodolite provided with “ stadia” hairs 
and a special lens, which makes the principal 
inside focus of the object-glass coincide with the 
vertical axis of the instrument. This construc- 
tion enables distances 
to be directly computed 
from the station at which 
the instrument is placed 
without the necessity of 
making any allowance 
for the focal distance 
falling outside the central 
axis, as would have to l>e 
done were the stadia 
hairs placed in an 
ordinary theodolite. The 
Omnimeter is another 
form of instrument for 
leading distances direct. 

The Plane Table. 

The Plane Table is 
another means by which 
surveys may be rapidly 
made and plotted in the 
field as the work proceeds. 

It is now proposed to 
give a brief description 
of the various means of 
surveying by the fore- 
going methods. 

The plane table is an 
instrument which has 
not been much employed 
in this eountry, owing 
chietly to the uncer- 
tainty of the climate, 
but abroad its use has 
yielded excellent results, 
and the various parts 
have been developed in 
order to make it more 
accurate. In its simplest form it consists of a 
plain drawing- bool'd (on which drawing-paper is 
fixed) about 2 ft. square, mounted on a firm 
tripod, and provided with a flat rule, or 
“ alidade,” as it is termed, with a sight vane at 
each end, by means of which sights are taken to 
the required points. 

A compass, in a small metallic box, is used 
for fixing the meridian line on the paper. Abroad, 
this simple form of alidade has been very much 
improved, and means have also been introduced 
to enable the table to be levelled. Instead of 
the sight-vanes, the alidade is provided with a 
telescope with cross hairs for measuring the 
distances. 
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An enlargement of these hairs is shown at the side 
of the illustration [44J. The lower part of the illus- 
tration shows the arrangement of levelling screws. 

The three triangular plates BBB are let in 
the under-side of the board, and the support is 
screwed into them. The table is then levelled 
by means of three screws, of which one (A) is 
shown. When this is done, the lower part of the 
support is clamped by the screw C. The clamp 
screw D and the tangent screw T are used to fix 
the upper part of the board either to the meridian 
by means of the compass, or to any desired line 
of sight to which the board is to be directed. 

Using the Plane Table. The general 
method of procedure is as follows : [45] 

A base line is first chained on the ground as 
AB, the plane table is set 
up over station A, and 
the position of A is 
marked on the paper at 
any convenient point to 
suit the various points of 
the survey to be obtained 
later. A plumb - bob 
should be provided, fitted 
to a clamp to fix to the 
table, for getting accur- 
ately the position of the 
station on the paper. 

Having fixed the posi- 
tion A, the compass is 
placed on the paper and 
moved about until the 
needle becomes stationary 
to the north. Lines are 
then drawn round the box 
in order that the meridian 
line may again be used 
?!> at any other station as a 
cheek. The edge of the 
ruler — called the fiducial 
edge — is now placed at 
the point a, which corre- 
sponds to A on the ground, 
and the ruler is moved 
until B is sighted. The 
line a b is then drawn, and 
its measured distance 
sealed off on this line. 
Any other required direc- 
tions, as C, T), E, and F, 
arc now sighted in the 
same way, care being 
taken to mark the lines for verification. The 
tabic is then moved to B, the alidade is placed 
along a b, and the table is moved until the 
point a is sighted. The directions from b to 
(\ D, E and F are then sighted, and the lines 
drawn, their intersection points will then give 
the positions of these places on the plan. As 
in the case of the Station Pointer , which is 
explained elsewhere, care must be taken to avoid 
the adoption of a point in which the position of 
the table and the objects to be located are 
on the circumference of a circle, as under these 
conditions correct fixing is impossible. 

Tacheometrical Surveying. It is im- 
possible in the space allotted to this portion of 





the work to describe every form of instrument 
used in the locating of points by angular measure- 
ment, commonly called tacheometry. This part of 
the subject will, however, be dealt with by the em- 
ployment of the theodolite and by the tacheometer . 

In the first case, readings are taken to two 
known points on a level-staff, whilst in the second 
case hairs are placed in the diaphragm of the 
telescope (called 

“ stadia ” hairs). C 

The number of 
divisions on a level- 
staff that are inter- 
sected by these 
hairs gives the 
distance of the staff 
from the instru- 
ment, provided the 
telescope be truly 
horizontal, and the 
staff vertical. 

In the event of 
the telescope being 
elevated, or de- 
pressed, some modi- 
fication is required, 
for reasons which 
will be explained. 


E 

A 



45. SURVEY WITH PLANE TABLE 


If the student is desirous of going more deeply into 
the subject, the work of Mr. Kennedy on “ Survey- 
ing with the Tacheometer,” or a paper by Mr. 
Wilfrid Airy in the “ Proceedings of the Institution 
of Civil Engineers,” will be found valuable. 

The position of the main survey lines must bo 
fixed by traversing, or by triangulation, as we 
have already explained. The directions of the 
points may be fixed either by taking their 
bearings, or by their angles with some known 
point. In surveying by vertical angles, readings 
are taken to known portions of the level-staff 
giving a base prefer- 
ably of 10 ft. — that 
is, by taking the 
readings at 2 and 12 
ft. on the staff. 

In the illustration 
{46], let PP l be two 
Nell-defined points 
on the staff to which 
the telescope is 
directed in suc- 
cession, so that 
AP = p and PP 1 — s, 
both of which are 
known. Ltd a be 
the angle subtended 
at T by PM, and ft 
the angle subtended byP 1 M, these angles being 
read. Let TM - d and PM - h. Then from 
the triangles PTM and P'TM 
P 1 M - d tan ft and PM =• d tan a 
Therefore PP* = P ] M - PM — d tan ft -d tan a 
Now PP 1 — s = d (tan p - tan a). 

.-.d „ ' .. .. l 

. tan ft - tan a 

Also PM — h = d tan a 

• h- * tan a - o 

' * ~ tan ft - tan a * * " * ~ 


CIVIL, KNQINKCRINQ 

In the previous formula, tan ft — tan a will be 
always positive, because the angles taken below 
the horizontal are called negative angles, which 
makes tan a positive when it is larger than 
tan ft. The height of the theodolite ( q ) above 
the ground must be measured in order to get 
the level of A with regard to C. The height, p,oi 
the staff above the ground at A must also be 
allowed for. It 
must also be re- 
membered that 
when long sight# 
are taken, the cor- 
rection for curva- 
ture and refraction 
must be allowed 
for. The formula 
for these has 
already been given. 

With work of 
this kind when the 
tacheometer is 
employed the prin- 
ciples are the same, 
only that with this 
ins t r u m e n t 
“stadia ” hairs are 
provided, by which 
on the staff seen 



any number of divisions 

between the hairs represents the distance of the 
staff from the observing station when the 

telescope is horizontal. 

The measuring angle m I n [47] usually em- 
ployed has a constant 0 02, and whatever unit 
of measurement it is intended to adopt must Ik? 
proportioned to this on the staff, so that the 
number of divisions seen between the stadia 
hairs may represent the distance of the staff 
from the instrument. 

For instance*, we shall assume that it is 

required to read 

distances in feet, 

in order to get, for 
example, ten divi- 
sions on the staff to 
show InTween the 
hairs when it is 10 
ft. from the instru- 
ment, the following 
will have to be the 
size of each division 
when the constant 
of the measuring 
angle is 0*02 — 
namely, 10' x '02 ~ 
24" on the staff 
for ten divisions, 
or 0’02 foot for each division, or double the size 
of the division on an ordinary level-staff. If, 
therefore, the distance from the vertical axis of 
the instrument to the staff be called 1), then, when 
the telescope is horizontal, I) — g the number 
of divisions between the hairs. 

Compensation for Tilting Telescope. 

When, however, the telescope is tilted, as is 
generally the case, it is necessary to employ 
some modification. In the illustration, Io is the 
central line of vision, and the staff MN is held 

711 


46. SURVEYING BY VERTICAL ANGLES 




OlVIi 


bii 


vertical, as shown. If the staff had been held 
perpendicular to the line of vision, as rnn, the 
distance D = g, as previously explained, instead 
of which the hairs cut at MN called G. -then 
D = G sin V, and the horizontal distance D = G 
sin 2 V, and the height from the horizontal to the 
central line of vision T = H cotan V . When V 
is more than a right angle, as for angles of 
depression, the formulae become 

H =» G cos 2 (V — 90°) v 

T =3 H tan (V — 90°) 

The height, T, is from the horizontal 



height in units. For finding the difference of 
level, three combinations oocur, as shown in 49. 
Calling the height of the instrument q t and the 
difference of level L in the upper figure 
L= q + T-m. 

In the next figure L = q — T + m. 

In the lower figure L = q - m - T. 

To ensure the vertioality of the staff, the 
holder should oarry a light plumb- 
line, or have a small oircular level 
fixed to the back of the staff. 

Reference has been made to the 
measuring angle in the tacheometer. 
The illustration [ 48 ] shows two hori- 
zontal hairs, a and b f placed in the dia- 
phragm at equal 
distances from the 
central line of 
vision. Q is a 


47. TACHEOMETRY 



ft. 


48 . TACHEOMETER DIAPHRAGM 

axis to the oentral line of vision. This is easily 
obtained without the use of the formula, as follows. 
If a: and y equal the number of divisions between 
the bottom of the staff and the two wires, 
x 



hen 


is the number of divisions between 


he ground and the central line of sight, and if 
multiplied by the size of one division gives the 


Continued 


49. LEVELLING BY TACHEOMETRY 

converging lens placed between the object- 
glass 0 and the diaphragm. F (the principal 
inside focus of the object-glass O) coincides with 
the vertical axis of the instrument. Parallel 
rays of light pass a and 6, and are deflected to 
E, the focal point of the lens Q. They leave 
the lens O in line with its principal interior 
focus F, forming the measuring angle BFA. 


[Note] 

The Navy. On page 163 of the Self-Educator appears a paragraph indicating the course o‘ 
cadets entering the Navy. These conditions have now been modified, and the last vestige of then 
disappeared last month (November, 1905). The new regulations are embodied in the following 
paragraph, and will be dealt with at length in the course which deals fully with the Navy: 

Training for Executive and Engineer branches of Royal Navy, and for Royal Marines, isidentica 
until after examination for Sub-lieutenant. Boys must be of European descent, and Bons of Britisl 
subjects. . Entrance by examination after nomination. Age 12 J — 13. Nominations and examina- 
tions three times a year in March, July, and December. Four years in the training establishments 
costing £100 a year inclusive, is followed by three years at sea, during which a private income o 
£50 a year is necessary. Then the youth passes examination as Acting Sub-lieutenant, and is sen 
to England to complete his training, selecting the branch of the service to which he will be attached. 

712 



OUTLINES OF EDUCATIONAL TOURS ABROAD 

Group 29 

TRAVEL 

The Best Plan of Seeing Historical and Living Belgium in a Shoit Time 

5 

How to Visit France, giving a Model Itinerary and Suggstions for Cyclists 

Continued from 

i 
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By J. A. HAMMERTON and WILLIAM DURBAN, B.A. 


shall endeavour in the smallest possible 
spaoe to sketch out model tours in 
Europe and farther afield, and by giving lists 
of useful books to read, do all that is 
within our power to ensure the wisest appli- 
cation of the rules which, derived entirely 
from our own personal experience, we have 
already laid down. Bearing alwayB in mind 
the readers to whom money is a prime con- 
sideration no less than time, we have framed 
our itineraries so that they mav be of the 
greatest use to those who have little leisure and 
less money at their disposal, taking a fortnight 
to be the average holiday at the command of 
our readers, and the financial resources of the 
ordinary clerk or school-teacher as the measure 
of expenditure in our calculations. 

BELGIUM 

Belgium is the most accessible country on the 
Continent for the English tourist, the cheapest 
to visit, and one of the most important in any 
Bcheme of educational travel. Nowhere are 
there towns more potent to stir the imagination, 
to awaken the feeling for romance, than Bruges 
and Ghent ; Brussels is an ideal example of a 
fine modern capital evolved from an old historic 
town, while Antwerp is full of bright and cosmo- 
politan life, and boasts rich treasures of art. 
For beginners in foreign travel Belgium has the 
further advantage that it may be visited in one 
week without undue haste, the distances between 
the towns being short, and the places of interest 
near to each other. We therefore make an excep - 
tion in its case by giving an itinerary for one week. 

A Week in Belgium. It is advisable 
to enter Belgium by way of Ostend, in order 
to make one’s itinerary fit in with the historical 
interest of the country. Ostend itself is to bo 
ignored entirely, as it is merely a Belgian 
Blackpool, and the traveller will proceed at once 
to Bruges, which is only fourteen miles inland. 

First Day. Arriving at Bruges early in the 
evening, sleep there, and begin sight-seeing next 
morning. Go first to the Grand ’ Place, the great 
open space in the heart of the town, now almost 
deserted, once the busiest Beene in Flanders, if not 
in all Europe. Bruges in the fifteenth century was at 
the height of its glory, the most opulent town of 
Europe outside of Italy, the seat nf the Dukes of 
Burgundy. Its treasures of art and architecture 
date from that era of splendid prosperity. The 
Belfry is famous all thevworid over ; innumerable 
poets have written about it, notably Longfellow. 
Ascend to the top, where the machinery of the 
wonderful bells is snown, and a fine view of Flanders 
and Holland obtained. The Belfry was the core of 
medieval Bruges, and dates from the thirteenth 
and fourteenth centuries. Visit the Palais de Justice, 
the Hbtel de Ville, and the Chapel du Saint Sang 
(Chapel of the Holy Blood), all close by. Next 
prooeed to the Hopital Saint Jean , which contains 


some of the rarest gems of Flemish art, the collection 
of Hans Mending's masterpieces (lfr. admission). 
The Academy , the Cathedral , and the churches of 
Notre Dame and St. Jacques, not to say tho many 
quaint old streets, the canals, and other attractions 
of the town cannot be seen in one day. Go on in the 
evening to Ghent, a railway journey of only 25 miles. 

Second Day. In the fourteenth century Ghent 
was the leading manufacturing city of Europe, and 
as a republic under Jacques van Artevelde it was the 
ally of England. Tho town is still a considerable 
one, and is rich in memorials of its past splendour. 
The Cathedral (which contains the world-famous 
altar-piece, the Adoration of the Lamb, by Hubert 
and Jan van Eyck), the Hotel de Ville, the Belfry, 
the Castle (where the third son of Edward III. was 
born while Queen Philippa was a guest of the Re- 
public, and was thus known as “ John of Gaunt - 
Ghent), may all be seen in one day. These are only 
a few of the many interesting places in this most 
interesting town, where one might with advantage 
spend at least three days. Proceed in the evening 
to Brussels, 33 miles. 

Third, Fourth and Fifth Days. One has now 
got a glimpse of the country’s illustrious past, and 
Brussels offers a bright spectacle of its present 
prosperity. Make first for the Grand ’ Place, in point 
of architecture perhaps the most curious place in the 
world. Hero are situate the famous Hotel de Ville, 
the Maison da Boi t and a number of tho ancient 
Guild Houses, the whole square having undergone 
only slight change in the last four centuries. The 
Cathedral would next be visited, and then one would 
climb by the Rue dc Lignc to tho high town, whore the 
Congress Column is worth ascending for its magnificent 
view over the town and tho fair province of Brabant. 
Tho Park, tho Royal Palace, and the Art Galleries, 
with a walk round the Palais de Justice, would com- 
plete a woll-fUlod day. Next day, by making good 
use of the splendid tramway service, the outer parts 
of the town, such as the Bois de la Cambre, the Royal 
suburb of Laeken, the Porte dc Hal , could be visited, 
and perhaps also the Wiertz Museum, which contains 
the extraordinary paintings of Brussels’ mad artist. 
The third day could be devoted to the little excursion 
to the Field of Waterloo, leaving time for visiting 
some of the minor places of interest in the city. 

Sixth Day. One of the most interesting churchos 
in Belgium is the Cathedral of Malines, which few 
tourists ever visit, because the town is midway be- 
tween Brussels and Antwerp, and only an occasional 
traveller seems to think of breaking his journey there, 
just a« there must be a hundred who go straight 
through from Calais to Paris for every one that gets 
out to see Amiens. The best plan is to book one’s 
luggage direct on to Antwerp, and stop for two o 
three hours at Malines before completing the journey 
to Antwerp, where it would be possible to arrive 
early in the afternoon. Antwerp is less rich thai 
any of the other cities in historic buildings, as th< 
town was well nigh destroyed by Spaniards in the 
sixteenth century, and its prosperity as a grea 
commercial seaport is of comparatively recent date* 
Its only building of supreme interest is the splendii 
Cathedral. It has a number of minor churches whic 
the tourist with no time to spare need not visit. Th< 
best plan would be to go to an hotel on the Place Vert 
on the afternoon of arrival and devote the remainde 
of the day to visiting the cathedral and wanderin, 
about the town. It is one of the most irregular town 
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on the Continent, and the tram-lines are the only 
safe guide for the tourist to follow who docs not wish 
to waste his time in a maze of tortuous streets. 

Seventh Day. The Plantin Museum, which was 
t he residence and business place of the famous family 
of printers and publishers who, for upwards of 
300 years, carried on a princely business in Antwerp, 
must take a morning from even the hastiest tourist, 
and the remainder of the day will be profitably 
Hpent in the Picture Gallery, with its magnificent 
collection of paintings by Rubens, Matsys, and the 
masters of the Flemish School. 

Thus in one week, and at very little cost, one 
can make a beginning in Continental travel, 
which will whet the appetite for more, and urge 
the tyro to fare farther afield in the most 
delightful and most profitable of all forms of 
education. 

Longer Tours. It should be added, of 
course, that as three days might be devoted 
to Bruges, the same to Ghent, a week to 
Brussels, and five days to Antwerp, while 
Oudonarde is not unworthy of a little ex- 
cursion, and there is the whole charming 
region of the Ardennes to explore, one can 
easily spend from a fortnight to a month in 
seeing Belgium. But the essentially educative 
lour is that sketched out above, for which three 
w'eeks would allow of leisurely progress, a fort- 
night for doing it reasonably well, and a week 
tor gaining a good first impression of the country. 

Hotels. Hotels in Belgium are cheap and 
clean. In Brussels one can get accommodation 
from 5 franco (4s. 2d.) a day upwards. The 
charge mentioned is contemptibly small for 
food and lodging, but there are many respect- 
able restaurant -hotels in less central parts 
where the oxj>ense does not exceed that 
figure. Jxclles is a convenient district for such 
a lodging. The best plan is to go to one of 
the better hotels in the town, where prices for 
bedrooms alone range from 2s. fid. upwards, 
and take one's meals wlurever convenient. 
Jn Bruges, Ghent, and the lesser towns, hotel 
charges are very modest. 

Fares. Our itinerary involves a ticket 
enabling the tourist to travel to Brussels via 
Ostend, Bruges, and Ghent, returning rid 
Antwerp, Ghent and Bruges to Ostend. There 
are three trains daily cm Dover and Ostend to 
Brussels. Fares : Single, 38s. I0d., 28s. 4d. ; 
return (30 days). 70s. fid.. 51s. 8d. Third class 
is limited to night service. Single, 17s. (id.; 
return (14 days). Ills. A small extra payment 
enables the traveller to return by Antwerp. 

The cheapest way is to sail from London 
and take third-class railway tickets in Belgium. 
From London to Ostend, vessels of the General 
Steam Navigation Co. convey passengers twice 
weekly from St. Katherine's Dock. Fares: 
Single. 7s. (id., (is. ; return, 10s. 6d., 9s. Between 
Antwerp and London, rid Harwich, there is 
a daily service (Fares: Single, 2tfs.. 15s. ; return 
40s., 24s.), and two sailings weekly direct by 
G. S. N. boats; while, the Sutcliffe line from 
Grimsby sails on Mondays, Wednesdays and 
Saturdays (Fares; Single, 15s. ; return, 25s.). 

Books to Read. “ Cities of Belgium ” 
(3s. 6d. net.), by the late Grant Allen. “ Belgian 
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Life in Town and Country,” by D. C. Boulger 
(Newnes, 3s. 6d. ). “ Belgium and the Belgians,” 

by Cyril Scudamore (Blackwood, 6g.). “Bruges,'" 
in the “ Mediaeval Towns ” series, by E. 
Gilliat- Smith (Dent, 4s. 6d. net). “Bruges 
la Morte.” novel by Georges Rodenbach, 
English translation, Sonnenschein (6s.). 

FRANCE 

The richest and most interesting country in 
all Europe, the most varied, our nearest neigh- 
bour — what shall we say of fair France ? To 
mention its many fine provinces, with their 
wealth of historical and legendary lore, their 
diversified scenery, their intimate association with 
England in the days of old, when our Kings 
were also rulers of this magnificent country, is 
to sketch out a programme of travel that might 
well occupy one for many years, and leave the 
country unexhausted in the end. Picardy, 
with its dead old towns in the north ; Normandy, 
rich in Gothic architecture and memories of our 
Norman kings ; Brittany, w r ith its natural beauty 
and its Celtic memorials, its people the kindred 
of our own friends in Wales, still speaking a 
language that is practically the same as Welsh ; 
the Loire, with its wonderful castles, " the 
garden of France ” ; the Vendee, the Cevennes, 
Auvergne, Provence, and all the Roman pro- 
vinces of the South, boasting, as in the arenas 
at Nlmes and Arles, the Pont du Gard, and other 
treasures of classic architecture, gems worthy 
to rank with the best of Italy and of Greece ; 
the Vosges, unrivalled for mountain scenery, 
and many more provinces not less interesting in 
their individual ways — each and all invite us, 
seeming to say : “ Confine your travels to 

France and you will have enough to do all your 
days ! ” That is indeed true, but only the 
specialist- can afford so great a luxury as to 
familiarise himself with all the glories of this 
glorious country. We must- select from its 
inexhaustible possibilities of travel just enough 
to show the reader how he may draw’ sufficient 
thence to furnish his mind with a fair con- 
ception of its grandeur. 

A Fortnight in France. In fourteen 
days much can be seen, but it is hoj>eless 
to attempt- a comprehensive tour of France in 
that time. The great towns of living and 
historical interest are so far apart that it would 
be preposterous to endeaxour to see many of 
them in so short a period. Paris, Orleans, 
Tours, Clermont Fcrrand, Nlmes, Lyons, Bor- 
deaux, Marseilles, Nice, Nancy— look at the 
map of France and you will realise how hopeless 
it w r ould be to think of visiting these cities, anl 
they are but- a few’, in the course of a tour that 
did not extend into many weeks. We must 
therefore devise a fortnight’s itinerary which 
will give the beginner a good first- impression of 
Northern France, and outline several tours, 
especially for cyclists, who, above all, can get 
the best out of the country. 

First Day. By travelling at night, arrive in tho 
morning at St. Malo. Tho Cathedral is interesting, 
but the town is moro so. Most of the day may be 
spent to advantage in rambling about tho old streets 
within the ramparts. Sec tho Tomb of Chateaubriand 



on a little island near the harbour, whither one can 
walk at low tide. St. Servan and Paramo are close 
at hand, and may be visited, not for any historical 
associations, but for their importance as thriving 
French watering-places. 

Second Day. Take train to Pontorson, stopping 
by the way at Don to inspect the fine Cathedral. 
From Pontorson proceed by diligence to Mont St. 
Michel. This is one of the greatest curiosities in 
France, and should on no account be omitted. 
We have spent days there at a time. Stay at one of 
the excellent hotels on the Mount. 

Third Day. If time will permit walk round the 
Mount, outside the ramparts, to gain a good idea 
of this most wonderful piece of medieval architecture. 
About midday return to Pontorson and train to 
Avranches, a delightful old town where a large 
colony of English residents used to exist. 

Fourth Day. Travel to Bayeux, stopping for an 
hour at St. L6 to lunch and visit the fine Cathedral. 
At Bayeux, see the beautiful Cathedral on the 
evening of arrival. 

Fifth Day. Spend a good deal of the forenoon 
examining the world-famous Bayeux Tapestry , 
reputed to be the work of Queen Matilda (wife of 
William the Conqueror) and ladies of her Court, 
recording the story of the Conquest of England. 
Co on in the afternoon to Caen, which is deeply 
interesting to the English visitor os the favourite 
town of the Conqueror. 

Sixth Day. Devote to seeing the principal 
churches — St. Pierre , one of the finest examples of 
Gothic; the Abbayc aux Dames and the Abba ye aux 
Hommes, the one erected by Queen Matilda and the 
other by William, as their peuanco to Romo for 
having married within the degrees of consanguinity. 

Seventh Day. Leave by early train for Falaisk, 
the birthplace of tho Conqueror. A most picturesque 
and romantic tow'n, whose Castle, is well worth visiting. 
Then in the afternoon proceed to Lisieux, another 
historical and picturesque town. 

Eighth Day. Train to Paris, breaking the journey 
for an hour or two at Evreux to seo the beautiful 
Cathedral and to visit a lively, clean, military town 
of 17,000 inhabitants. Paris will be reached late in 
tho afternoon. 

Ninth-Twelfth Days. This is ull too short u t imo 
to spend in Paris, but will suffice for a first impression. 
No town in Europe is of such inexhaustible interest. 
It may be visited scores of times. Wo ueod not 
outline the sights of Paris, since to do so would 
occupy too much space and would be of little use 
to the tourist, who must make up his programme for 
himself with tho aid of u good guide-book. Among 
the sights, however, one frequently missed is that 
of the Cluny Museum, and this should on no account 
he omitted by tho visitor, no matter how' short a stay 
he may be muking. And one afternoon at least should 
be devoted to Versailles, an easy excursion. 

Thirteenth and Fourteenth Days. Returning 
home either by Havre or Dieite (the former is 
much tho more interesting town) tho traveller should 
break his journey at Rouen, either for a forenoon or 
for a whole day. Ourselves, we have stayed for several 
days in the town and rovisitod it twice, and advise 
that at least a day should be given to it if possible, as 
it possesses numerous fine churches and public 
buildings, and is cf immense historical interest. 
Rouen was the scene of Joan of Arc's imprisonment, 
mock trial, and burning. Gustave Flaubert was its 
greatest literary son. It is the^ largest and most im- 
portant town in our itinerary after Paris, and for that 
reason alone W'ell worthy of the traveller’s study. 

Such a tour as we have outlined would give 
the student a fair impression of historical and 
living France, but not until he had travelled 
a good deal in the centre and south could he 
presume to judge of the wonderful resources 
of the country, its mighty national life. 


TRAVEL 

Cycling Tours. Normandy is a tine 
touring ground. Boat to Le Havre, then cycle to- 
Oaudebec, Rouen, Pont Audemer (don’t sleep 
here), Lisieux, St. Pierre-sur-Dives, Falaise, 
Flers, Domfront (most interesting), Mortain, Av- 
ranches, Mont St. Michel, Granville, Coutances, 
St. L6, Bayeux, Caen, Cabourg, Trouville, 
Honfleur, Havre. This round can be done 
easily in the fortnight. In Brittany the 
towns are not so interesting as they are in 
Normandy, but the country is far more beautiful, 
and if the roads are not so flat they are less 
monotonous. Sail from Southampton to St. 
Malo, arriving there in tho morning and setting 
out the same afternoon for Lamballe, passing 
by way of Dinan. Thence to S. Brieuc, E tables, 
Paimpol, Treguier, Lannion, Morlaix, Lander- 
nau, Brest, Telgruc, Plomodierne, Quimper, 
Coneameau, Pont Avon, Quimperle, Lori on t, 
Carnac, Loemariaquer, Auray, Vannes, Rennes, 
St. Malo. This is a circular tour which gives 
the cyclist, to whom alone it is possible' in all 
its details, a good idea of tho towns, villages, and 
historical sights of Brittany, and may be accoirw- 
plished in so short a time as eight or ten days. 

Routes to France. London to Pans, 
rid Newhaven and Dieppe : Single, IDs. 7d. t 
25s. 7d., 18s. 7d. ; return (.‘10 days), f>Hs. 3d., 
42s. 3d., 33s. 3d. Via Dover and Calais, or 
Folkestone and Boulogne : Single, (><)s., 43s. (id., 
20s. Od. ; return (30 days), 80s., (>8s. (id., 42s. 
Via Havre and Rouen : Single, 33s., 24s. ; 
return (00 days), 'ms., 30«. London to St. 
Malo: Single, 3.7s., 2.7s.; return (00 days), 
52s., 40s. 

Books and Guide-books. Those who 
read French are advised to use one of the 
“ Guides Joanne,” published at different prices 
by Haehette and Co., which are by far the best 
guide-books to the different provinces of France. 
For readers of English only, Baedeker’s 
“Northern France,” price 7s., and “Southern 
France,” price 0s., are recommended. Members 
of the "Pouring Flub do France cun make up 
their itineraries from an ordinary map, and by 
sending an outline of their projected tour to the 
secretary will be supplied, at a very low charge, 
with sectional maps of the whole route — a most 
convenient arrangement. Guide-books for Paris 
are so numerous that we need not specify any, 
except the late Grant Allen’s “ Paris ” (3s. fid. 
net), which is the }>est of its kind. Richard 
Whiteing's “The Life of Paris” (Murray, 0s.) 
is unrivalled as a graphic picture of modern 
Paris. Read Flaubert’s famous novel, 
‘‘Madame Bovary” before going to Rouen. 
Read Pierre Loti’s “ Peehcur d’lslande” before 
going to Brittany. There are innumerable 
books of travel in Normandy and Brittany, any 
one of which cannot fail to be of some value to 
the intending tourist. “ French Life in Town 
and Country,” by the late Hannah Lynch 
(Newnes, 3s. 6d.), and “Home Life in France,” 
by Miss Be tham -Edwards (Methuen, (>s.), arc 
worthy of special mention. A useful little 
book for those who travel by train or cycle 
is “ The Continong ” (Dent, Is. Gd. net). 

Continued 
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CULTIVATION OF TEXTILE FIBRES 

Including' Flax, Jute, Manilla, Canadian, and other Hemps. 

Ramie Fibre— Its History, Nature, Prospects, and Problems 


By W. S. MURPHY 


Flax. Common flax is the chief source of 
lint fibres. It is a pretty plant [15]. When the 
blue flower opens, the fields of flax are clothed 
in a robe of shimmering azure, tender and 
delicate in hue. “Blue were her eyes as the 
fairy flax,” sang the sweetest of our great 
poets. Singularly graceful is the erect stem, 
about three feet high, branching out at the 
top, the flowers forming a lovely crown. The 
long, lancet-like leaves, 
smooth and glossy, 
spring from the stems 
to each side alter- 
nately. When the 
flowers fade, capsules 
form, and nourish 
within them seeds, 
dark brown, glossy, 
oval, flattened, and 
sharp-pointed. 

Let us examine the 
fibre. The stem of 
the flax plant consists 
of three forms of 
vegetable substance — 
the outer bark, the 
bast or inner skin, and 
the woody central 
pith. The bast is the 
true skin of the 
plant, and is compost'd 
of the fibres from 
which lint or flax 
yams and linen cloth 
are made. 

The History of 
Flax. The oldest 
pictures of human 
industry are those 
which depict, in the 
ancient tombs of 
Egypt, the operations 
of the flax cultivator. 

Painted from four to 
five thousand years 
ago, these pictures 
show the agriculturist 
turning up the soft 
alluvial soil of the 
Nile valley, sowing the seed, and pulling up the 
flax stems when fully grown. 

Though it probably originated in a sub- 
tropical region, the flax plant grows well as far 
north as Sweden. Up till the middle of the 
eighteenth century flax was grown extensively 
in England, specially in Dorsetshire, Lincoln- 
shire, Isle of Ely, and Suffolk. All over 
Scotland the fibre was grown for local con- 
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sumption, large quantities being raised in Ayr. 
shire, Lanarkshire, Renfrewshire, Filestore, and 
Forfarshire, where there were linen faotories and 
roperies. In Ireland, where the linen trade had 
been an established industry for oenturies, flax 
was grown extensively in the Ulster province. 
But the profitable market for wheat created by 
the growth of the factory towns in England and 
Scotland induced the fanners of those countries 
to reserve their fields 
for cereals. 

At the close of the 
American War of In- 
dependence the British 
Government, alarmed 
at the decreasing sup- 
ply of raw material 
for an important in- 
dustry, instituted a 
premium system for 
the encouragement of 
flax cultivation. It is 
interesting to note that 
in 1786 Robert Burns, 
the poet, gained one 
of these premiums for 
the excellence of the 
flax crop raised on his 
farm at Mossgiel. Pre- 
miums cannot arrest 
economic tendencies. 
Year by year, decade 
after decade, the acre- 
age of flax declined, 
till at the close of the 
nineteenth century flax 
culture in England, 
Scotland, and Wales 
scarcely covered 1,006 
acres. Irish flax cul- 
ture has had a some- 
what different history. 
Wiih temporary fluc- 
tuations, flax pro- 
duction increased in 
Ulster till 1864, when 
300,000 acres were 
under flax. Since then 
the acreage devoted to 
the cultivation of flax has declined, and at 
present the great linen industry of Ireland 
depends on foreign countries for ninety per 
cent, of a raw material quite easily producible 
in the country. 

We derive our supplies of raw flax chiefly 
from Russia, Belgium, Holland, Germany, and 
Egypt, the value of the average annual importa- 
tion being about £3,000,000. 



rmxTtLK nuoit 

FIm ^ F AfdliSf* When cultivating for must be properly directed and not allowed to- 
fibre, it is not advisable to ripen the seeds, work . "the average \abourer thinks 

because the stems rapidly harden alter the that if he takes out enough of the rubbish he is 
flower has faded. The flax fanner therefore earning his wages ; and that is true euough \t 

buys his seed, and, if he is wise, he pays a good we are paying orfty lot \Jttya\cii exertm. ^\> 

price for plump, heavy, s hinin g seed, of the flax weeding is not done by mere “ strength and 

best brand on the market. The product of ignorance.*’ In the first place, account should be 

poor seed does not repay the labour spent in taken of die direction of the wind by the we&ders, 

wising it. Irish farmers have found the seed who should provide themselves, or be provided, 
imported from Riga, the Russian Baltic port, with knee mats. For the weeders press down 
best suited for them. the plants in the course of their work, and if they 

'ftaVmsg tsvtt aewl, out next cate bs work with their law* to tho wVad 

the bo\\. Ttia AuwMi a, ftiTj \m, -W&&. a, 

a large proportion of silica and lime, alumina For the same reason, the pressure on the stems, 
and iron in smaller quantity. where unavoidable, should always lie straight 

An important question comes up at this forward ; twisted stems are of no use as flax 
point. Pliny says of flax, “ It has the property fibres. Perhaps we have here an explanation of 

of scorching the ground where it is grown, and the fact that the best flax culture is carried on by 

of deteriorating the quality of the very soil peasant proprietors, assisted by their families 

itself.” Modern authorities agree with the and relatives. 


ancient writer to a certain extent ; but it is 
contended that our artificial manures have done 
away with that objection. Even without 
manures, the exhausting effect of flax can be 
obviated by a simple rotation of crops— as, for 
example: First year, grass ; second, oats ; 
third, potatoes ; fourth, wheat ; fifth, flax. 
If an interval of from five to seven years be 
allowed between the flax cropping of the same 
land, no injury can result, and the cultivator 
actually secures one crop without manuring. 

Ploughing and Sowing. At the close 
of harvest, before the frost has taken a grip of 
the ground, the wheat stubble should be 
ploughed thoroughly, and the land well drained. 
In February, plough the soil well up, making a 
deep furrow. If the soil be light, one ploughing 
may suffice ; but heavy soils require to be 
ploughed twice in the spring. After the first 
ploughing has settled, go over the fields again. 
At the beginning of April, just when the warmth 
of the sun has strengthened and is causing the 
weeds to spring, harrow the land to break up 
lumps and loosen the weeds. Pick out all the 
weeds as cleanly as possible. Throughout all 
these operations the level surface of the land 
should be kept in view, because a regular 
surface secures uniformity in the length of the 
plant stems. By giving all plants an equal 
start in life, you afford them an equal chance 
in the struggle for light, warmth, and air. 

In sowing, follow the same direction as the 
plough. Having a clean, dry furrow over one 
inch below the surface, put in a liberal supply of 
seed, from two to two and a half bushels per 
statute acre. Fibre plants develop stems most 
vigorously when thiekly Bown ; the fruit, of 
course, suffers, but our object is fibre, not 
seed. The sowing should he followed by a fine 
seed harrow, covering over with soil. Then 
draw the harrow up and down again, and cross- 
wise, to make sure the settling of the seed. 
Smooth all down with a light roller, and leave 
the rest to Nature for a short time. 

Weeding. Weeding is of first importance in 
flax culture, and calls for the utmost care. As 
soon as the plants have grown about four or five 
inches above ground, weeding begins. The weeders 


Harvesting Flax. Scythe or reaping 
machine has no part in the harvesting of flax. 
When the blue flowers fade and fall, and the 
rough balls, or capsules, are formed, the reapers 
go into the field and pull the plants up by the 
roots, laying out the stems so that the long and 
the short may be readily separated. Before 
pulling, it should be ascertained that the seeds 
have just changed from the pale green of their 
infancy to the light brown that shows they are 
beginning to ripen. Another indication of the 
readiness of the stem for pulling is the yellowing 
of the stalk. The seeds should not he allowed to 
ripen, unless the object of cultivation be seed 
production. 

A large amount of flax is grown for seed — in 
India especially — and the industry is highly 
important, supplying us with linseed, linseed 
meal, linseed oil, oil-cake for cattle-feeding, and 
other commodities ; but as our object is fibre 
production, we shall not study these product® 
of the flax plant at length. 

Various Kinds of Hemp. The true 
hemp plant stands almost alone in the vegetable 
world ; the other members of its family have 
gone out of existence. It has no other name. 
Even the botanists, when they say Cannabis 
xativa, are merely saying “ Hemp cultivated.” 
All nations call it by the same name, the differ- 
ence in sound being only lingual, and explainable 
by philology. But the plant has given its name 
to fibre which has been derived from a large- 
number of plants nowise related. This fact 
should be carefully noted. 

On the face of it, nothing seems more natural 
than that Manilla hemp should be derived from 
the hemp plant growing in Manilla and cognate 
regions. The fact is quite contrary. Manilla 
hemp is a fibre derived from a kind of palm, 
related to the plantain and banana, and has been 
called “ hemp ” because it resembles in quality 
and use the fibre derived from the hemp plant. 
Similarly, we have Canadian hemp. Bowstring 
hemp, Bunn hemp, and Deckannee hemp, all 
different classes of plants, and yet alike in yield- 
ing a fibre which may be regarded as hemp for 
all practical purposes. We do not justify the- 
nomenclature — we merely explain it. 
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TEXTILE TRADE# 

Hemp . Widely distributed over the globe, 
hemp , properly so-called, varies greatly accord- 
ing to climate , soil, and manner of cultivation. 
u4n annual — and probably a native of Southern 
ABia — it has become naturalised in all parts of 
the world, because the vitality of the plant h 
such that severity or uncongeniality of climate 
dwarfs but does not kill it. 

The chief climatic enemy of 
hemp is frost, and it comes 
to full perfection only in 
those countries where the 
summer is long enough to 
last out its life — a period of 
nearly five months. Hemp 
does not favour extremes ; it 
should be the chosen garment 
of philosophers. With a mild 
and moist climate, the plant 
grows to a height of twenty 
feet ; to the torrid sun of the 
southern tropics and to the 
cold winds of the north, 
equally, it yields a stem of 
about three feet. Erect in 
stem, the leaves branching off 
in spreading groups of four 
■or five long serrated fronds, a 
crop of hemp in bloom presents 
the appearance of being the 
close intermixture of two 
different plants. Male and female Htems grow up 
together, the flowers of the male being clusters 
of small yellowish green blossoms, while those 
of the female form into crowded spikes, with 
tufts of slender fibres coming out of the capsules. 

Hollow, or filled with a soft pith, the stem of 
the hemp plant consists 
of a woody material 
covered with a fibrous 
bark, the former being 
what is called the reed, 
or fjoon, and t he latter 
the fibre, or hemp. 

The plant gives off 
numerous seeds, large 
quantities of which are 
used for the feeding of 
tame birds, such as 
canaries. When pressed, 
the seeds yield an oil 
used in some countries 
as an illuminant ; but 
chiefly known in com- 
merce as a paint 
medium and material 
for mixing with resinous 
gums in the making of 
varnish. Hashish, or 
bhang , a narcotic, in- 
dulgence in which has 
been a vice among the Hindus for many 
generations, is made from the flowers and tender 
shoots of the hemp plant. 

British supplies of hemp are chiefly derived 
from Southern Russia, Poland, France, and 
Germany. Though cultivated to some extent 
in the fenlands of England, and in some parts of 
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Ireland, early in the nineteenth century, hemp 
has now practically ceased to be counted among 
British crops. The reasons for this are not far to 
seek. Hemp requires a rich soil and plenty of 
moisture ; British farmers find it more profitable 
to devote their best soils to other crops. The 
argument, however, does not apply with the 
same force to many of our 
Colonies, in which conditions 
ideal for hemp cultivation 
prevail. 

The first aim of the hemp 
cultivator is to get a long and 
vigorous stem before flowering 
begins. After flowering, the 
stem hardens and tends to 
irregularity. Hemp cultiva- 
tion follows the same process 
as that of flax, but with less 
labour and attention, the 
plant being a noted weed- 
killer. 

Canadian Hemp. In- 
digenous to North America, 
allied to the periwinkle and the 
oleander, this plant yields a 
very strong fibre. Long before 
the white man had invaded his 
native home, the Red Indian 
used this fibre for making 
fishing-nets, matting, and wove 
it into a rough canvas cloth. The plant is easily 

raised, and attains the height of five feet. Reliable 
and strong, the fibre is worthy of the attention 
of Canadian cultivators, and of British canvas 
manufacturers and rope-spinners. 

Bowstring, or Rajmahal Hemp. One 
of the strongest and 
finest of Indian fibres, 
this plant grows on 
barren, sandy soils. The 
only difficulty in the 
way of general cultiva- 
tion and diffusion of the 
Bowstring hemp plant 
over tropical lands, 
otherwise barren and 
useless, is its climbing 
habit. In other respects 
cultivation is easy. For 
many centuries the 
primitive native tribes 
have used the fibre for 
bowstrings, and its 
strength and elasticity 
are very remarkable. 
Owing to the absence of 
industrial demand, the 
fibre is chiefly consumed 
in the localities where 
it grows wild. The 
natives cut the leaf -stems in two lengths, which 
they split and dry. Then the pieces are softened 
in water for about an hour, the fibre being 
scraped off with a rough stick. Fibres prepared 
in that primitive way have been tested with 
hemp, and showed a tensile strength 150 per 
cent, greater. 



16. SEEDLING OF ABACA 
The plant producing Manilla fibre 




Sunn Hemp. Closely allied to the common 
furze of the home moorlands, Crotolaria juncea , 
Sunn hemp , Indian hemp , or Jubbulpore hemp, 
as the plant has been variously named, grows 
several feet high, with slender, rigid branches. 
It is to be found in the Malay States, Australia, 
and all over the Indian Empire, but the western 
and southern provinces of India produce the 
best qualities of fibre. The plant needs a soil 
well drained, but of comparatively poor quality ; 
rich soils tend to make the fibre harsh and 
coarse. At present the fibre is little known, 
because no regular supply has ever been 
assured to the market. We believe that, if a 
supply could l>e relied on, manufacturers would 
adopt it for many purposes. Large tracts of 
Northern Australia, seemingly useless, would 
produce splendid and profitable crops of Sunn 
hemp. The yield of poor land averages over 
000 lb. per acre. 

Deckannee Hemp. Of the mallow family, 
the Ambari or Deckannee hemp plant is 
cultivated in Ghutia Nagpur, the Central 
Provinces, Madras, and Bombay. The fibre 
is chiefly used by the natives for making twine, 
ropes, and sacking. When properly prepared, 
it is white, soft, and silky, and is held by many 
to be a possible rival to jute. The plant adapts 
itself readily to any soil, and it grows as far 
north as the shores of the Caspian Sea. Experts 
are strongly of opinion that the growing of this 
plant, requiring little or no capital, would be 
of immense service to poor cultivators unable 
to produce either jute or cotton. 

Manilla Hemp. Canvas manufacturers 
and rope-spinners agree that Manilla hemp is 
the most valuable raw material they at present 
possess, and the market faithfully reflects their 
opinion. It is the highest priced of all the 
larger vegetable fibres. We have already 
indicated the character of the plant and its 
place in the vegetable kingdom. According to 
high authority, the Philippine Islands have 
been deputed by Nature to supply this fibre to 
the rest of the w'orld. 

Says Dr. Morris : “ The Manilla hemp industry 
of the Philippines is fostered bv very excep- 
tional circumstances. The plant [16] is a native 
of the country. It is cultivated on virgin soil, 
of which there is, in that part of the world, a 
considerable extent, and, in addition, the labour 
supply is cheap and abundant. It is important 
to bear these facts in mind in starting the 
cultivation of any fibre that is likely to come 
into competition with Manilla hemp. Even 
in the Philippines, there are districts in the 
western and northern parts, with a drier climate, 
where the plants will not grow. Hence, it is 
useless to attempt to establish a Manilla hemp 
industry in any country where the soil is not 
rich and w r here there is not an abundant rainfall 
well distributed throughout the year.” 

Even with this caution, coming from a high 
authority, we cannot agree that the Philippines 
must be left in sole possession of the Manilla 
hemp supply. There are regions in the British 
Empire having all the requisites described as 
necessary. When we consider that the total 
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cost of establishing a plantation is not more 
than from £5 to £8 an acre, and the annual 
charge for efficient maintenance little more than 
30s. per acre, the enterprise seems far from 
prohibitive in its risks. Within two or three 
years the cultivator reaps a crop of from 500 lb. 
to 700 lb. per acre of cleaned fibre. Taking 
the average price of Manilla hemp, this means 
a return of about £12 per acre. The plant grows 
to a height of about 12 to 20 feet, and requires 
very little attention or cultivation of any 
kind. 

Jute. Jute fibre [ 17 ] is derived from a plant 
which botanists name Corchorus Capsulariiu*, 
grown extensively in India and China. Under 
fair conditions the plant grows to a height of 
20 feet, yielding a fibre of great length and 
uniform quality. The fibre comes from the 
inner bark of the long stem, and so readily 
separates into a soft, silky tress of fine hairs 
that the original users of it inquired no further 
into its qualities, but for centuries utilised it 
in that form. Both Hindus and Chinese made 
coarse sacking and gunny bags of jute long 
l>efore Europeans came to trade with them, 
and when the Wes terns began to offer goods 
for goods those natives packed nuts, oil-seeds, 
and other produce into the gunny bags for 
shipment. This practice had been going on 
for over 200 years with British traders before 
it occurred to anyone to inquire into the 
nature of the fibre of which those bags were 
made. 

An East India Company official, whose name 
is lost, conceived the idea of investigating the 
matter, and, having discovered the gigantic 
fibre, procured some samples and sent them, 
with all the enthusiasm of a discoverer, to 
London, Hamburg, and America. This was 
towards the close of the eighteenth century ; 
but at that time every manufacturer was more 
or less absorbed in “ conquering ” cotton, or in 
watching its victorious course, and the jute* fibre 
was forgotten. Some portion of the material had 
been sent to Abingdon, Berkshire, and after 
lying neglected for about ten years, or perhaps 
more, the fibre was taken out and tested. The 
results seemed encouraging at first, and because 
the fibre had a softness resembling wool, it 
was made into carpets. This was a blunder, 
and led to failure and disappointment. No 
effort is ever lost, however. The fact that jute 
had l>een introduced became a part of the 
history of the textile trade, and attention was 
bound to revert to it sooner or later. 

Development of Jute. Indirectly, cotton, 
the superior rival of jute, was the cause of rousing 
renewed interest in jute. In 1828 a merchant 
in Dundee, named Watt, finding the demand 
for cotton bagging larger than the supply, 
imported 364 cwt. of gunny bags direct from 
India. Others followed his example and a 
trade in gunny bags arose. 

Mr. Watt began a series of experiments with 
jute. The extreme length of the fibre rendered 
it unsuitable for British methods of spinning ; 
but Mr. Watt devised a breaker-card, which 
reduced the fibre to workable length. By the 
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year 1832 most of the difficulties had been 
overcome, and jute manufacture became an 
accepted branch of the textile trade. Not for 
another 30 years, however, did jute attain its 
rightful place among textile fibres. At last 
it occurred to a Dundee manufacturer to inquire 
closely into the nature of the fibre, and he 
discovered that it was divisible into still finer 
fibres, and placed jute in the category of true 
textile materials. Formerly relegated to canvas - 
weaving, plaiting, rope - spinning, or other 
operations requiring a mere length of con- 
tinuous thread, jute is now chiefly used in 
weaving cloths such 

as sackings, Hessians, ~ “ 

baggings, and similar 

fabrics. 

Ramie. In the 
year 1849 the atten- 
tion of British textile 
manufacturers was 
called to sample hand- 
kerchiefs woven of a 
material then utterly 
unknown in the 
Western world. In- 
quiry brought out the 
fact that this material 
was the fibre of the 
plant [18] variously 
named Ramie , China 
Crass, Chinese Nettle , 
and Rhea, and de- 
scribed by botanists 
as a shrubby nettle, 
indigenous to India, 
and grown in China, 

Japan, and the Indian 
Archipelago. A patent 
was taken out for the 


Colonies, but neither from the United States 
nor the British Empire was any result visible. 
Some impression had been created, however, 
for in 1869 the Indian Government offered 
two prizes of £5,000 and £2,000 to the inventor 
of a machine which would prepare and clean 
the fibre for the European market. The sole 
competitor for these prizes was a Mr. Greig, 
but his machine was adjudged to have failed in 
meeting the conditions, and no award was 
given. 

Difficulties of Preparation. The parties 
to this abortive competition have been blamed, 
but the quarrel is of 
little interest to the 
textile manufacturer. 
One fact, however, 
was brought out — the 
problem to be solved 
in the preparation of 
ramie is not single 
but two-foki. First, 
the fibre has to be 
taken from the stems ; 
secondly, it must be 
freed from the natural 
gum inherent in all 
plants of the nettle 
variety. 

For a few more 
years the fibre went 
out of public notice, 
but the Paris Exhibi- 
tion of 1887 brought 
out several machines 
invented for the pre- 
paration of ramie 
fibre. These machines 
professed to offer 
solutions of the de- 


preparation and 
manufacture of the 
fibre, and at the great 
Exhibition of 1851 
three prize medals 
were awarded for 
ramie, or China grass 
fibre, as it was then 
called, demonstrating 
that, properly pre- 
pared, ramie fabrics 
could be made equal 

in every quality to 

the finest French 18. 

cambrics. 


* cortication problem — 

that is* the separa- 
tion of the fibre-con- 
taining bark from the 
stems. Solution of 
that problem involves 
a great deal more 
than the success of 
ramie, and the trials 
were, therefore, 
watched with intense 
interest. None of the 
machines satisfied the 
ramie plant judges, and, of 

course, disappoint- 


Stimulated by the interest aroused, the 
authorities at the Royal Gardens, Kew, sent 
living plants to the principal Colonies, the 
climate of which appeared suitable for their 
cultivation. For about 14 years nothing more 
was heard of the fibre, but in 1865 the 
American Consul at Bradford brought it to the 
notice of his Government, advising the culture 
of the plant, wherever possible, for textile use 
in America and export to Great Britain. 
Responding to the suggested rivalry, the Kew 
authorities once again sent out specimens to 
the botanical gardens of all the principal 


ment was great. Again, in 1891 , trials were held 
in Paris, but with no better results. For the 
moment these failures seemed to place ramie in 
the category of fibres which are incapable of 
being utilised under industrial conditions, and 
are more numerous than most people are aware. 

During the later years of the 19th century 
the fibre was being seriously considered in Ger- 
many, France, mid the United States, and 
employed in several minor industries, such as 
the manufacture of incandescent mantles, paper 
for banknotes, and other specialities. Within 
a short time, ramie had been given an 
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increasingly important place among textile 
fibres by both French and Germans. 

Difficulties of Ramie. Never wholly 
relinquished, the subject was again brought 
prominently before the textile fibre-users of this 
country by Mr. Edwards-Radclyffe, of Staines, 
and from the practical interest aroused it would 
seem that this new fibre has come to stay, and 
act an important part in textile industry. 
When considering any new fibres offered, we 
must keep closely to practical fact. The 
Chinese and Hindus have known and used 
ramie fibre for hundreds of years ; but those 
highly ingenious races have continued to prefer 
silk and cotton, though both require more costly 
methods of cultivation. 

Ramie, Bwhmeria nivea [18]. is a shrubby 
nettle, and one of the preliminary difficulties 
in dealing with it arises from this fact. The 
stalk is knotty, and secretes a peculiar gum. Our 
fibre is the inner bark, growing under a thin, 
brown outer bark. It will readily be under- 
stood that the stripping of such a bark by 
mechanical means presents problems of no 
ordinary difficulty, and the failures described 
will be understood. 

Decortication. Let us see, however, the 
way in which the stripping has actually been 
done. When the stem has been cut, the Chinese 
cultivator peels off the bark bv hand while the 
bark is yet soft and green, separating the fibre in a 
very efficient manner. The ribbon of bark is 
drawn through a hard substance held between 
the finger and thumb, the operation clearing off 
the outer bark and a j>ortion of the gummy 
substance. Another method is to draw the 
strip of bark over a fixed bar of wood or iron, 
with a rubbing motion. Then the fibre is flung 
into -water, rinsed a little, and hung up to dry. 
In this condition the fibre is supplied to manu- 
facturers. Having been imperfectly cleared of 
gum, and the gum having hardened, degumming 
is very difficult, though not insuperably so. If, 
as Mr. Edwards-Radclyffe advises, the whole 
process of decortication and degumming, or 
filassing, were carried through while the fibre 
is soft, the process would be much easier, and 
planters would present to the textile market a 
fibre irresistibly attractive — white, lustrous, soft, 
fine, and of great tensile strength. 

Cultivation of Ramie. Though a tropical 
plant, ramie will grow in England and Ire- 
land. We do not contend, however, that 
its cultivation should be undertaken in the 
British Isles. The enterprise offers scope for 
the energy and ability of British Colonists in 
every region of the Empire, and an opportunity 
of making large profits while serving efficiently 
the industrial interests of the nation. 

Let us begin with the seed. Plants can be 
readily transported, and they take root quickly ; 
but it is better to start at the beginning when 
possible. Fill a few shallow boxes, about 3 inches 
deep, with good mould, and sprinkle the seed 
very sparsely over the surface, then cover 
with finely sifted earth Dip the boxes in water 
occasionally, to let the liauid sap through the 
mould, and spray regularly. When the seed- 
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lings begin to appear, keep them in a shady 
corner out of the direct rays of the sun. As soon 
as the roots have formed and the little plants 
begin to stand up, thin them out, leaving each 
plant about 3 inches of space, and plant the 
thinnings in similar boxes Carefully shading 
and watering them till they are about 3 inches 
or more high, gradually harden them to weather 
conditions, and then plant out in a well-manured 
and deeply tilled nursery patch, allowing each 
plant 4 feot of space, to encourage lateral 
shoots. As the shoots branch out, splice and 
peg th;>m down into the earth, so that they 
will lake root. When rooted, remove them 
into another nursery, or plant them out. In 
this way a large plantation ran be made out 
of a few seeds. 

Plantation. Having got our plants, our 
next, care is the plantation. As a matter ot 
course, different climates require different 
methods ; but a few general directions will apply 
to all ciimates. Plough deeply and manure the 
fields well. The plant will grow in poor soil, 
but the richer the soil the better the crop. Few 
plants are so responsive to good treatment. Set 
in blocks of two or three rows ; leave between 
each block space large enough for a trolley or a 
plough to pass. Pay close attention to weeding, 
hoe well up to the roots ; snip off all low lateial 
shoots as they appear, to encourage length and 
straightness of stem. The longer and straighter 
the stem the better the fibre. 

The plantation, once started, lasts from Ifi to 
18 years, yielding regular crops all the time. 
The reaping is done by hand, the stems being 
cut off at the root. Now we gain the benefit of 
the space between the blocks ; the trolley 
passes from block to block of the plantation, 
collecting the cut stems, and bringing them to the 
dccorticator. 

Claims for Ramie. As yet ramie culture 
is in its infancy, and there are many details in 
the work which can be determined only by long 
practical experience. China is the only country 
where ramie has been cultivated to any extent, 
and there it takes the form of a kind of cottage 
culture, affording us little light on the problems 
involved in extensive plantations. 

The merits claimed for ramie have not been 
put to the infallible test of the industrial market, 
but they are worthy of record as an encourage- 
ment to inquiry and study : 

1 . Ramie is many times stronger than cotton, 
flax, hemp, and similar fibres. 

2. It has a long staple, from 3 in. to 9 in. 

3. It is easily- grown, as it acclimatises itself 
almost in any zone where agriculture *s possible, 
with varying results, giving .n some latitudes as 
many as four crops per annum. 

4. It is beautifully lustrous, resembling silk 
more than any other fibre. 

5. It does not rot. 

6. It is non-elastic, and therefore invaluable 
for machine belting, ropes, and measuring tapes. 

7. There is nothing produced in wool, cotton, 
flax, hemp, or even «*ilk, which ramie cannot 
imitate and in most cases excel. 

Continued 
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°a7t composition and colour 

The Value of Composition. How to Suggest Emotion in Art. 
Ccntlmiwt from The Importance of Originality. A General Colour Scheme 


By P. G. KONODY and HALDANE MACFALL 


'THE student will next find his drawing not 
1 only of importance in its accuracy as to form, 
but he will begin to realise of what immense 
importance it is where in the 'picture he puts that 
drawing . He has, in fact, realised that arrange- 
ment, or composition, 
is of enormous value 
in creating the im- 
pression he wishes to 
create. This will thrust 
its importance upon 
the student very early. 

For when his training 
in drawing has made 
him master of the 
great secret, he has to 
remember that he has 
only learnt that which 
is to enable him to 
build up his picture or 
impression. 

l^et us take, for 
example , Holman 
Hunt’s “Lady of 
Shalott” and Sar- 
gent’s “ Ellen Terrv 
as Lady Macbeth. r ’ 

We shad find in both 
theso well-known pic- 
tures, that the head of 
the figure being near 
the top of the design, 
a strange dignity en- 
sues as regards the 
relation of that figure 
to the rest of the 
picture, as compared 
to the effect it would 
produce if placed low 
down. We shall also 
find that the effect of 
dignity is sti’l further 
increased by the height 
of the figure, and the 
fact that its main 
lines are vertical. The 
student has, indeed, 
had thrust upon him 
the beginning of the 
laws of composition, 
of which he will be a 
student to t e end of 
his days. Let us take 
first the single figure of “ Ellen Terry as 
Lady Macbeth/' by John Sargent. Here we 
find the act of usurpation, the crowning of the 
murderous queen by herself, set down in the 
composition with rare art. The crown in 
the upraised hand draws the eye to the 
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agonised face, while the tall figure is draped in 
long upright lines of darker hue which lift the 
figure to tragic intensity, without one crossing 
horizontal line to check the tragio dignity of 
the face. The sheer drawing of this picture 
is a masterpiece. 
Again, in Holman 
Hunt's little black- 
- and-white drawing of 

“The Lady of 
Shalott," in Moxon’s 
Tennyson, we have 
the beautiful head of 
the lady almost pressed 
down by the top of 
the picture, giving to 
the figure the sense 
of the burden of the 
awful tragedy that 
has fallen upon her. 

Now this relation 
of tho figure to the 
rest of tho picture is 
enormous in its value 
in creating the im- 
pression, but an even 
more powerful factor 
in the building-up of 
{ the impression is the 

arrangement of the 
dark and the light 
masses in their effect 
upon each other and 
their relation to the 
whole. It is best to 
show this by example ; 
but let the student first 
realise the close rela- 
tion of all the arts 
and the sameness of 
their law's. He will 
benefit greatly by the 
lessons that every art 
has to teach him. 

Painting is closely 
akin to music, ana 
just as the line for 
drawing the forms 
yields the dominant 
effect of hb composi- 
tion — what may popu- 
larly be called the tune, 
so the arrangement 
of the light and dark masses of colour yields him 
his harmonies ; just as in an orchestra the deep 
violoncellos and wood and brass build up the 
accompaniment and increase the impression. 
And just exactly as in music we may make the 
orchestra yield us the thunder and roar of the 
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‘‘LAS HILANDERAS” (THE SPINNERS), BY VELASQUEZ 
Ono of the great Spanish master's finest works 


angry heavens, the tramp of armed men, the 
clash and fury of contending passions, the 
laughter of lightest merriment, the gay trip of 
dancing feet the subtle tenderness of the twilight 
or the sigh of a woman ; so with colour, according 
to our mastery of its mighty powers, may we 
yield to the oyo all the impressions of life that 
may be emotionally seen and felt through the 
sight, from the crash of the mightiest tragedies 
that fall on man to the uttermost delicacy of 
tendernesses that haunt the vision of a child. 

The Portrayal of Emotion. There 
is no emotion felt by the human being through 
his sense of sight which may not be rendered 
in colour by the mastery of the art of painting. 
And line and form and composition all play 
their equal part in building up that framework 
on which is to be placed the right and proper 
colour that gives the thrill of emotion through 
the eyesight, and so sends it in waves of colour 
into our senses, rousing, without our being able 
to tell why, the effect that the artist desires. 

But, the student will ask, how is he to learn 
composition ? Here again, as in drawing and 
colour, he must teach himself. And the only 
way to learn arrangement is to train the eye 
first through the work of the masters. By far 
the best and simplest way, as it is also the most 
delightful, is to make collections of black-and- 
white reproductions of pictures from every source 
within his reach — magazines, papers, books, 


photographs. The eye, thus constantly trained 
to good work, becomes so alert, and acquires 
such rightness of vision, that no amount of 
lecturing and theory can equal — nay, can ap- 
proach. Let him begin with the pictures that 
are his favourites, and he will soon find his hand’s 
skill trying to rival that of the masters. Let 
him from the beginning not copy the compositions 
of the masters, but try to evolve arrange- 
ment like theirs to express his own ideas ; for 
ho will early find that Jheir arrangement makes 
his own brain fertile and feverishly anxious to 
express rival ideas, and to alter and rearrange 
and recast their ideas. From the very beginning 
let the student try to create — no matter what 
bad falls he may get in his endeavours. 

Originality. If possible he should haunt 
picture-galleries and sale-rooms, and try to get 
any effect that has appealed to him. He will 
thus keep himself from being the mere imitator 
of one man, and will gradually evolve a style of 
his own, and a wide range of handling to produce 
results in a manner fitting to his own emotion. 
He will also train his colour- memory, and his 
copying will not be servile imitation. 

There are to-day many monographs written 
upon the works of painters, which give a la ge 
number of reproductions of their works that 
are helpful in traimne the eye of the student. 

What the artist can do with arrangement 
can partly be realised when we see what can be 
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“ THE MUSTERING OF CAPTAIN COCQ’s COMPANY,’ CALLED “ THE NIGHT WATCH,” BY REMBRANDT 
Illustrating “ the broad, deep, resounding backgrounds of Rembrandt" 


done with so rigid and hard a medium as the 
pen-line. Apparently the simplest of drawing 
effects, the pen-line is perhaps the most difficult 
of all. It is marvellous to see the variety in 
the style of artists in this medium alone. And 
when it comes to the use of the paint-brush, 
the student can in some measure grasp the fact 
that it will, yield him a wide range of style, from 
the broad, deep, resounding backgrounds of 
Rembrandt and Velasquez (as in the examples 
which we reproduce) to the daintiest light bravura 
effects of such painters as Lo Sidauer. .And the 
student would do well to loarn all that every 
master can teach him. Above all, let him face 
the vastly encouraging truth that each generation 
needs its own artists — that the artist, above all 
things, appeals to his own age. The old masters 
are our great teachers, our helpers ; but for the 
generation in which we live we need our own 
poets, our own seers, our own artists. 

Great Art deals with Contemporary 
Life. It is scarcely too much to say that 
all truly great art— except where it is purely 
decorative — deals with contemporary life, with 
things not invented by the artist, but 
aotually observed by him. The old masters 
who devoted themselves to scriptural subjects 
form no exception to this rule. The subject 
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was often merely an excuse for painting con* 
temporary portraits in the costume of the 
time, or scenes that presented themselves to 
the painter’s ©ye. The decline in the art of 
the early nineteenth century was mainly due 
to a departure from this rule. The learned 
reconstructions of the past which were then in 
vogue amongst academic painters are, however, 
rapidly falling into oblivion ; they have no real 
vitality. It was left to the modern French, 
the Barbizon men and the Impressionists, 
to return to the right path — to the study of 
Nature and contemporary life. Their efforts 
indicate the right direction, though their methods 
cannot always be recommended to the student. 

Amongst the collections of studies in com- 
position by great artists, perhaps one of the 
most valuable to the student is Turner’s “ Liber 
Studiorum ” ; and though the originals are beyond 
the purse of many students, there has been pub- 
lished of late a capital book of reproductions in a 
cheap process at the price of half-a-guinea. 

Detail of Secondary Importance. 
In making his studies for the composition of his 
ictures the student should not weight his 
and with detail, but should use a stick of 
charcoal, or a water-colour brush, and sweep in 
broadly the masses of light and dark where he 
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A FRESCO* BY BENOZZO GOZZOLI, IN THE CAMPO SANTO OF PISA 

Though it is meant to represent a scene from the Old Testament, it is reully an exact 
representation of the Vintage in Tuscany 


would like them to come in his colour scheme, 
only quite vaguely suggesting the forms that 
he will afterwards develop in detail. He will 
thus not only save himself an enormous amount 
of trouble, but he will be surprised to find how 
his mastery in composition grows hy leaps and 
bounds. And he will start upon his picture 
with a good general idea of the finished effect. 

It is a good thing also to get a rough effect 
in oolours from this black-and-white scheme, 
as a guide for future use. These exercises 
in composition have an added advantage in 
training the hand to free, bold brushing, and 
will lead the student by many splendid accidents 
to the discovery of masterly handling which 
he will soon strive to get deliberately and by 
skill into his style. He will find Poore’s “Pictorial 
Composition ” (Macmillan) a valuable help. 

Colour. Although the use of colour is 
primarily a matter of observation, feeling or 
instinct, it can only benefit the student to have 
an elementary knowledge of the nature and 
symbolism of colours. Without going into the 
purely scientific questions of the causes which 
produce the sensation of colour, and without 
analysing the spectrum, it is necessary to know 
that theoretically white is a mixture of the 
three primary colours — yellow, red, and blue. 
If the actual mixing of these paints produces 
a result far removed from white, this is entirely 
due to the impurity of the pigments. A mixture 
of two of these colours forms a complement to 
the third, thus : 

Green (blue and yellow) is the complementary 
colour to red. 


Violet (blue and 
red) is the com- 
plement ary 
colour to yellow. 
Orange (yellow 
and red) is the 
complementary 
colour to blue. 
The juxtaposi- 
tion of comple- 
mentary colours 
produces a 
pleasurable sensa- 
sation to the 
eye. 

Black and 
white are not 
colours strictly 
speaking; that is 
to say, they are 
not contained in 
the spectrum, but 
are surrogates for 
pure light and 
pure darkness. In 
considering t h e 
scale of colours we 
must distinguish 
)>etwoon the scale 
from light to 
darkness and the 
scale from warmth 
to coldness. Yellow, which, according to Goethe, 
is sunlight dimmed by the atmosphere of the 
earth, is the lightest colour. Though blue, if 
wc follow the same authority, is darkness 
cleared up by the same cause, it is not the 
opposite pole to yellow. The scale from light 
to darkness leads from yellow to its comple- 
mentary colour, violet, whilst the scale from 
warmth to coldness leads from orange (the 
warmest) to the complementary blue (the 
coldest). 

In a diagram this can be expressed by two 
curves, terminating in theso four colours, with 
red and grocn, which are more or less neutral 
in both scales near the apex of the curves. 

The symbolism of colour is by no means an 
arbitrary convention, but is strictly based on the 
innate quality of the different colours which, 
according to their varying degrees of lightness 
and warmth, directly affect our senses and our 
imagination. Thus 

a. Lightness corresponds with gaiety. 

b. Darkness corresponds with seriousness. 

c. Warmth cor- 
responds with 
emotion, and 

d. Coldness 
with absence 
of emotion. 
Orange, which 

combines gaiety 
and warmth, is 
the opposite 
pole to blue, 
which combines 
seriousness and 
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coldness ; yellow (gaiety and coldness) _ to 
violet (seriousness and warmth). 

Black and white are only opposed as regards 
lightness, not as regards warmth, both being 
cold. They are the representatives of organic 
lifelessness, and they, as well as their mixture — 
grey — are therefore indicative of mourning. 
Through their contrast between light and dark 
they partake of a and b but not of c and d. 
Mixed with othor colours they make these colours 
colder ; but the mixture with white has a gayer, 
that with black a more sombre, character than 
the pure colour. Black is the colour of the 
sombre sphere of shade ; white, of the glorious 
sphere of light. 

Yellow and Violet. Yellow is the 
nearest approach to pure light, or white ; 
violet to pure darkness, or black. As colours, 
therefore, they represent the extreme contrast 


yellow, and therefore retains to a certain extent 
an ideal character, which is not allowed to achieve 
its full effect by the sensual glow of red, the 
most emotional and most effective colour. It 
expresses pathos and dignity, and is the symbol 
of great splendour and majesty. 

Blue, the coldest colour, expresses calmness 
and absence of emotion but contains sufficient 
colour to prevent it from sinking to the funereal 
stillness of black. As an ethical symbol it is not 
quite neutral. It signifies modesty, faithfulness, 
gentleness, and a certain longing without the 
acerbity of a melancholy resignation, which 
is sounded by violet. 

Red and Green. Being midway in the 
two scales of intensity, these are, so to speak, 
the rulers of the entire sphere of colour — the 
principal colours. Red, the king of colours, 
being a primary colour, naturally stands higher 
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between gaiety and seriousness. Yellow signifies 
the greatest vitality in the spiritual sense ; 
violet the deepest renunciation, resignation and 
melancholy. Of all colours, yellow is the most 
easily soiled, and immediately loses its ideal 
character, producing the opposite effect. It is 
therefore the symbol of shame and humiliation. 
Impure yellow is to lie found in the jaundiced 
complexion of an ailing person ; it is the 
symbol of envy, malice, and hatred. 

Violet expresses generally melancholy, resig 
nation, and sombre seriousness, but signifies, 
through the participation of the emotional 
red, a seriousness which is the result of sad ex- 
perience, that has not entirely overcome the 
reoollection of lost pleasures, and therefore 
savours of melancholy regret. 

Orange and Blue. Orange, the warmest 
colour, is influenced by the participation of 
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than the secondary green, the queen of colours. 
Green excels in beauty and nobility the two 
colours which are of equal rank, orange and 
violet — as red excels the equivalent primary 
colours, yellow and blue, as regards nobility, 
power, and beauty. 

Red expresses the height of emotion and is the 
symbol of passion, rage, warlike courage, and 
sexual love. 

Green, as the complementary colour to red, 
symbolises kindness and gentleness, and is as 
soothing to the eye as the fiery red is exciting. 
Compared with red, green has a certain lack of 
emotional effect, but the yellow, which is one 
of its constituents, prevents it from sinking to 
the indifference of blue, and rather raises the 
impression to one of serene freshness and 
joy of life. 

Continued 
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side. For in dry, hot weather undue loss of 
water from this process needs to be prevented, 
and the grooving, or rolling, marks out a space in 
which the air is comparatively still, so that 
transpiration is much less rapid than if the 
stomata were exposed to the wind. When the 
moor is soaked by drizzling rain or drenched in 
fog, there is, on the other hand, a danger lest 
transpiration should be too much reduced, but 
the device described keeps the stomata dry, and 
enables them to discharge their office. 

Seashore Plants. Many of these exhibit 
the same kind of modification which dis- 
tinguishes plants growing in arid regions. It 
is true there is no lack of moisture, but the 
amount of salt present renders absorption difficult. 
Hence arise a well-developed root-system and 
over • ground parts 

adapted to reduce trans- frj|rLowc« stair 

piration. Sometimes [ ll 

the leaves are leathery 0W - U " D J L tmt 

and prickly, as in sea- 

holly (E ryngium ) ; djujuNk 

while often they are WlvJMI 

thick and succulent, for 

the purpose of storing 

water, as in seawort roots 

(Honckenya peploides) 
and scurvy grass 95 LTI , Y mrLB 
(Cochlearia officinalis). 


95. LTLY BULB 


In Alpine and Polar plants, again, we may 
find similar modification to those just mentioned, 
for a low temperature is unfavourable to absorp- 
tion, and it is necessary to husband any 
water which may lx* taken up. 

When there is a sharp alternation ground 
between summer and winter, or between 
wet and dry seasons, plants have to adjust 
themselves to different conditions at 
different times of the year. Wo may 
take as an example the winter modifi- 
cations of a temperate climate such as 
our own. 

Fall of the Leaf. This is not 
bo much due to the direct action of cold 
as to its influence in more or less check- 
ing absorption of water from the soil. o( 

The supply of moisture being reduced, it 
is necessary for transpiration from the 
leaves to be correspondingly diminished. In such 
plants as pines and firs we find the evergreen 
condition, the leaves being only gradually shed. 
But as these leaves are very narrow, and 
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covered with thick epidermis, there is no danger 
of an undue amount of transpiration. 

It is far otherwise with the thin and com- 
paratively delicate leaves of ordinary forest 
trees, which transpire on such a large scale 
that to retain them throughout the winter 
would be too dangerous. They * 

are therefore discarded alto- flVt 

gether. We have, in fact, the fi# 

“ fall of the leaf.” This, of winter suds O 
course, involves some waste of N lnW 

material, though not so much iff 

as might be imagined ; for the SCAR# 
advent of autumnal coloration \J 

is associated with the with- jl 

drawal of much of the living K 

-ubstance of the leaf into the H 

twig on which it grows. This horse chestnut 
having been accomplished, a Autumn twig 
layer of cork is formed transversely at the base 
of the leaf-stalk, and the dead leaf readily falls 
off. The cork which covers the “ scar,'’ being of 
close texture and of waterproof nature, prevents 
evaporation, and stops the entry of disease germs. 
The same is true of the layers of cork which 
make up the dry outer part of the bark, by 
which the trunk and branches of the tree are 
invested. 

The leaves which are to make up the foliage 
of the following spring are formed before the 
onset of winter 1 94-]. They are neatly packed 
up in winter buds, covered by firm protective 
scales, often of resinous nature. Colcf and wet 
are thus excluded, and a 
further sheltering arrange- 
ment is often found within 
the scales in the form of 
woolly hairs, which invest 
membranous the tender leaves as in a 

LEAF- BASES . , ... 

winter quilt. 

Winter Storage of 
Food. In order to start 
work in the spring with- 
out d^ay, before the time 
when food is easily obtain- 
able from the exterior, and 

(. CROCUS CORM ' Vh ‘ ) « , the lca . ves f re 

Spctlon unfolding, a store of nutri- 

tive matter has commonly 
been laid in during the preceding summer. 
Sometimes such substances are stored above 
ground, as in the trunks of trees. Sometimes 
they are stored below, as in the thickened bulb8 
of lily [95], or cor ms of crocus [96], which are 
really underground shoots, as are the thickened 
tubers of potato and the pale subterranean 
rhizomes of iris or Solomon’s seal [97], Not 
infrequently a thickened root is the receptacle, 
as in turnip, carrot, and radish. These last- 
named plants are good examples of biennials — 
i.e. y they live but fo r two years, during the first 
of whidi they accumulate their store, while 
during the second they produce flowers and 
fruits. 

We have already considered the structure 
and nature of seeds, which may also be regarded 
as a device for tiding over the unfavourable 
season of the year. Annual plants, the lives of 
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Sea-holly. (101 ( 'Timothy tints* in blossom. Below 1 young flowers with projecting stigmas, and altove, older ones with long, slender stamens. The pollen 
Is earned By wind. (102) Honeysuckle, which attracts hawk-moths, which carry pollen. (lOfl) Bee sucking Hyacinth. (104) Suctions of •• thrum-eyed 
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i ups." (Ill) Mule flowers of ii^jecl. arranged in catkiuu, from which pollen is easily blowu (see 09 (112 Bee sucking nectar from flowerH of Willow 
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which do not extend beyond a single year, are 
commonly represented during midwinter by 
seeds alone. 

Water, Wind, and Animals. If the 

egg-cells of a flower are fertilised by the 
agency of pollen from the same flower, they 
are said to be self -fertilised ; if by pollen from 
another flower, cross-fertilised. As in the latter 
case healthier and more vigorous seeds are 
produced, it is not surprising that it should have 
been favoured in the course of evolution, and 
that innumerable devices should have come 
into existence by which self -fertilisation is 
hindered and cross-fertilisation promoted. Such 
devices very largely have reference to the process 
which precedes fertilisation — i.e,, pollination, 
the transfer of pollen to the stigma, or, in 
naked-seeded plants, direct to the ovules. 
They more or less prevent self-pollination and 
facilitate cross-pollination. 

Since pollen-grains are not themselves capable 
of movement, it is requisite that, to secure 
crossing, they should be transferred by some 
outside agency from the anthers of one flower 
to the stigmas of another. This transference 
may be effected by water, wind, or animals, 
the last, of course, carrying out their important 
work quite unconsciously. 

Water as a Pollen Carrier. In certain 
aquatic plants the movements of the surounding 
water bear the pollen to its destination. The best 
example is probably that of Vallisneria [113], 
commonly grown in aquariums in this country. 
Self-pollination is entirely prevented by a method 
which is adopted by many other forms. The 
Btamens and carpels are developed in different 
flowers, which grow upon separate plants. The 
female flower is placed at the end of a spiral 
stalk, which uncoils when it is ready to open, 
and brings it to the surface. 

Meanwhile the ripe male flowers have 
separated themselves from their stalks, and, 
being lighter than water, float about like so 
many little boats, being drifted here and there 
by the wind. Their perianths expand and the 
stamens project, lifting up their anthers so that 
the pollen is kept dry. Should one of them be 
driven against a female flower, some of the 
pollen is likely to adhere to the sticky surface of 
one or other of the three projecting stigmas, 
and thus cross-pollination is brought about. 
When the egg-cells are fertilised, the stalk of 
the female flower coils up again, so that the 
seeds mature in a sheltered situation, where 
they are safe from the attacks of seed-eating 
animals. 

How the Wind Carries the Pollen. 

In the case just dealt with, wind plays an 
important part in the transfer of pollen, 
and in many land-plants it is the sole agent. 
The cone-bearers ( Coniferce ) rely upon it for 
the discharge of this important office, and we 
may take the Scotch pine ( Pinus sylvestris) as 
a common type. Here, again, self-pollination 
is entirely prevented by tne flowers being of 
two kinds, male and female, which are borne 
on the same tree. 


As is usual in such cases, vast quantities of 
dust-like pollen is produced, in order to ensure 
that some of it should be carried to the ovules, 
for in plants of this kind there are no stigmas. 
In some years the amount produced in forests 
of pine or fir is so enormous that the ground is 
thickly covered with the yellow dust. This is 
the origin of the so-called “ sulphur showers.” 

Transfer by wind is facilitated by the fact 
that two little air- filled bladders are attached 
to each pollen-grain [114]. At the time when 
the pollen is shed, the ovule-bearing scales of the 
female cone are slightly separated, and a sticky 
fluid exudes from between them. By this the 
pollen-grains are caught, after which it gradually 
dries up and draws them down to the ovules, 
so that they can perform their offioe. 

Hazel a Good Example. Most of the 
ordinary trees of temperate regions are also 
wind -pollinated, and open their flowers in 
spring before the new leavcR have emerged from 
their buds, and when, therefore, the pollen- 
grains arc most likely to get blown to the 
stigmas. A conspicuous example is hazel 
(Corylns Avellana), where the flowers are once 
more of two kinds borne upon the same plant. 
The male flowers arc aggregated into long, 
pendulous catkins [111] — popularly known as 
“lambs’ tails” — and are easily Bhaken by the 
slightest breeze, by which their dust-like 
pollen is carried away. The female flowers are 
in bud -shaped groups, from which the sticky 
pink stigmas project [99]. 

A number of herbs with inconspicuous flowers 
are also pollinated by means of wind — e.g., many 
grasses. We may bike Timothy grass (Phleum 
pratense) in illustration, for it presents us with 
many points of interest. The numerous flowers are 
here closely packed into an elongated spike [101], 
and though each of them contains stamens and 
pistil, there is a special arrangement by which 
self-pollination is hindered. In the lower part 
of the spike wo shall find the younger flowers, 
with stamens still unripe, but mature stigmas 
projecting to the exterior ready to catch any 
pollen that may chance to be blown against them. 
The stigmas of the older flowers in the upper 
part of the spike have for the most part done 
their work and shrivelled up, while the stamens 
are now mature. The anthers are so attached to 
the long, slender filaments that they are shaken 
by every breath of air, and their pollen easily 
dispersed. Another very interesting device is 
found in the wind-pollinated flowers of nettles, 
for the ripe stamens uncoil like springs and 
launch the pollen on its course. 

Flowers and Their Bird Friends. 

Pollen may be transferred unconsciously by 
mammals, birds, snails, and insects, about 
each of which it will be necessary to say 
something. 

One of the trees (Freycinetia) native to Java 
bears flowers with beautiful pink petals, which 
are eagerly devoured bv the kalong, or fruit- 
bat ( Pteropus edvlis ). ana there can be no doubt 
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that the pollen of the male flowers which adheres 
to the furry snout of this animal is carried to the 
stigmas of the female flowers. It also appears 
that certain insect-eating bats in the West Indies 
hunt for their prey among the blossoms of certain 
trees, and transfer pollen in the course of their 
feeding operations. In Australia it is not im- 
possible that the flowers of a common shrub 
(Dryandra) may be cross-pollinated by the agency 
of kangaroos. ______________ 

, The beauti- 
ful little hum- 
an in g birds 
(Trochtlidce) of 
America, the 
sun-birds 
( Nectariniidce ) 
of Africa, 
which resemble 
them in ap- 
pearance and 
habits, and 
some few other 
forms, visit 
flowers for the 
sake of the 
sweet fluid 
(nectar) they 
contain and 
possibly also in 
the search for 
small insects. 

Such flowers 
are relatively 
large and 
c onBpicuous, 
and commonly 
of a bright 
scarlet hue. 

Those visited 
by humming 
birds are boll- 
shaped and 
pendant. Their 
shape i b 
adapted to that 
o! the heads of 
their guests. 

The work of 
humble slugs 
and snails is 
very impor- 
tant in the 
process of 
nature. Some 
of these vora- 
cious creatures 
visit certain 
plants with 
. in' onspicuo u s 


The vast majority of conspicuous flowers are 
cross-pollinated by the agency of insects, and in 
the course of evolution an immense number of 
mutual adaptations have arisen between them. 
[See 100, bees sucking sea-holly ; 103, bee 
sucking hyacinth ; 112, bee sucking flowers of 
willow ; 98, red admiral butterfly sucking 

everlasting flowers.] 

The Three Kinds 
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flowers which grow in damp places, rnd drag 
along pollen-grains in their slime from one 
blossom to another. Such is the case with the 
little golden saxifrage ( Chrysosplenium ), common 
in the neighbourhood of springs, and also with 
duckweed (Lemna), the* small floating plants of 
^ch^so^mmonly cover stagnant ponds and 
* enrobes with a continuous sheet of green [116] 

^io 


of Flowers. 

In some cases 
we find that, 
as in Sootch 
pine and hazel, 
the stamens 
are borne in 
separat e 
flowers, wbioh 
may be on the 
same or on. 
differ en t 
plants. Wild 
arum (Arum 
maculatnm) 
[107 and 109] 
illustrates the 
former con- 
dition, and 
willow (Salix) 
the latter. 
Various com- 
promises arc 
also possible 
by ringing the 
changes on the 
three possible 
kinds of flower 
— i.e., herma- 
phrodite (with 
both stamens 
and pistil), 
male and 
female. A 
given specieB 
may posbosb 
hermaphrodite 
and either 
male or female 
flowers, or, 
again, all three 
kinds may be 
present. The 
modes of dis- 
tribution i n 
such plants 
are also ex- 
tremely varied. 
Male and 
female flowers 
may arise from 
hermaphrodite 
and stamens 


ones by suppression of pistil 
respectively. 

In most flowers both stamens and pistil are 
present, but it by no means follows that self- 
pollination takes place, for, as already described 
for Timothy grass, the stigmas may mature 
before the pollen is shed, though the opposite 
state of things is more commonly true, as in 
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monkshood (Aconitum). Besides which, it very 
often happens that the anthers and stigmas are 
so placed in relation to one another that self- 
pollination is impossible. Some flowers are also 
self -sterile — t.e., if pollen reaches the stigma of 
the same blossom it is not able to bring about 
self-fertilisation. We shall see later, however, 
that self-pollination may be possible from the 
first, or may be effected as a last resort, or may 
even be provided for by special contrivances. 

How the Flowers Invite Insects. The 
two chief means are colour and odour. The 
colour depends upon the nature of the guests 
to be enticed. White and yellow appear to be 
agreeable to a large number of small insects 
belonging to various groups, which visit such 
forms as cow parsnip (Heracleum) and buttercup 
(Ranunculus). A pale or white tint is also charac- 
teristic of flowers which open in the evening and 
cater for moths, and it clearly renders them as 
conspicuous as possible. Red attracts butterflies, 
and brownish-red is preferred by wasps, while 
purple and blue appeal more particularly to bees 
and hover-flies. Dull red and livid colours, 
especially when arranged in spots or blotches, 
are affected by flies which like carrion and other 
noxious substances. 

Flowers of small size may be rendered con- 
spicuous by being crowded together in large 
numbers, as in elder ( Sambucus ), the carrot and 
parsnip order ( Umbelliferce ), and the dandelion 
order ( Composite p). The last case is particularly 
instructive, for it includes a variety of specialisa- 
tions of different kind. The individual florets 
which make up the head may be all regular, as 
in thistles ; all irregular — c.g ., dandelion ( Taraxa- 
cum ) ; or, again, the inner disk-florets may be 
regular, while tho outer ray-florets are irregular, of 
which condition, sunflower ( Hdianthus annuus) 
[106, lower figure] and daisy {Beilis perennis) 
afford examples. The irregular ray-florets have 
given up the function of producing seeds, and 
may be regarded as “ signal flags,” by which 
the conspieuousncss is greatly enhanced. Allusion 
has elsewhere been made to the odours of flowers. 

The Flower’s Reward to Invited 
Guests. These are chiefly pollen, nectar, and 
sweet sap. Pollen flowers, of which red poppy 
( Papaver Rhoeas) and potato ( Solarium i tuberosum) 
are examples, offer only tho first kind of 
reward; while nectar flowers, as their name 
indicates, afford tho second, and often pollen 
in addition. Our common British orchids are 
visited by insects which bore for sweet sap. 

Nectar may be secreted by nectaries situated 
in various parts of the flower, and differing greatly 
in shape and character. In the wallflower order 
(Cruciferce) they are in the form of little fleshy 
projections of the floral receptacle, and in the 
dead-nettle and foxglove orders (Labiates and 
Scrophulariacece) they belong to the same region, 
and are in the form of a fleshy ring at the base 
of the pistil. 

The pointed spur at the back of an Indian 
cress flower ( Tropceolum ) [116] is a nectary 
belonging to the calyx. In a very large number 
of instances the petals secrete nectar, and an 
instructive series of cases is presented by flowers 


of the crowfoot order (Ranunculacece). In 
buttercup (Ranunculus) there is a nectar pit 
covered bv a little scale at the base of eaoh 
petal [117], whib in columbine (Aquilegia). 
Christmas rose (Helleboms niger) [110], lark- 
spur (Delphinium), and monkshood ( Aconitum ) 
[118], all or some of the petals are converted 
into tubular nectaries of various shape. Some- 
times the stamens undertake the woik of neotar 
production, a pretty instance being that of 
violets and pansies (Viola) The nectaries 
are here a pair of threads, which grow back from 
the two lowest anthers [119], and project into 
a spur belonging to the undermost petal, which 
serves to store up the sweet fluid until insects 
come to probe for it. And, lastly, nectar may, 
be secreted by the pistil, as in the carrot and 
parsnip order (Umbelliferce) t where the nectaries 
are represented by a swelling on the top of the 
ovary [120]. 

The Insect’s Guide to the Treasure 
House. If an insect is to do its work 
of transferring pollen successfully, it often 
happens that it must make its visit to a 
flower m a particular manner, which involves 
going straight to the nectar, without waste of 
time in hunting round. Hence have been 
evolved nectar guides, in the form of streaks, 
spots, or blotches, which indicate the position 
of the coveted treasure. In rhododendron [108], 
for instance, there are streaks on the upper 
part of the corolla, which converge to the opening 
of the cavity where nectar is stored. 

In a large number of small regular flowers, 
mostly of white or yellow colour, which cater 
for a miscellaneous crowd of short-tongued 
insects, the. nectar is fully exposed to view. 
We find this state of things in most members 
of the parsnip and carrot order ( Umbelliferce ), 
and in some saxifrages. Not unlike these, but 
somewhat more specialised, are flowers which 
partly conceal their nectar, and lay themselves 
out for a rather more select circle of guests 
with somewhat more elongated mouth parts. 
Such are most members of the wallflower ordei 
( Cruciferce ), buttercups ( Ranunculus ), stitch- 
worts (Stellaria) and their allies, barberry 
(Berberis) and cinquefoil (Potenttlla). And, lastly, 
we have flowers which completely conceal their 
nectar in deep recesses or long spurs [116 and 
118], and attract the most intelligent and highly 
specialised insects, such as bees and butterflies, 
in which the mouth-parts are drawn out into 
a long proboscis that forms a very efficient 
sucking organ. Many such flowers are irregular, 
and adapted to the shapes of particular guestj ; 
while red, blue, and violet are the favoured, 
though not the only colours. Here belong fox- 
glove ( Digitalis ), honeysuckle (Lonicera), lark- 
spur ( Delphinium ), and monkshood (Aconitum), 
together with tho orchids, which offer sweet 
sap instead of nectar. 

To deal fully with the innumerable arrange- 
ments for cross-pollination would occupy a 
large volume, and : t will be possible here only 
to describe briefly a few of the more interesting 
native forms which are visited by the higher 
insect i. 
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Laying Drains. We have now to con- 
sider how the various fittings already described 
are combined into a complete drainage system, 
and it will be convenient to look at the work 
of drain-laying before referring to the prepara- 
tion of a drainage plan. For the moment, we 
shall assume the existence of such a plan on 
which the drains and all fittings are shown and 
on which the levels of the sewer and the inclina- 
tion of the drains are fixed. 

The laying of the drains is often deferred till 
other work in the building is far advanced, but 
it involves a large amount of excavators’ work, 
and will now be described. The first operation 
is the excavation and strutting of the trenches, 
which in most cases are made of the minimum 
width in which a man can work. The bottom 
is carefully levelled to the falls shown upon the 
drawings — not stepped as in the case of trenches 
for walls — and where it is required a layer of 
Portland cement concrete is spread evenly 
over the bottom of the trench. Concrete is 
always desirable, but some local authorities 
do not insist upon it under rain-water pipes. 
The concrete should be 6 in. deep and should 
extend for a width of 6 in. beyond the 
outer face of the pipe on each side. The lower 
6 in. of the trench should be excavated to 
the exact width required for the concrete, even 
if a greater width for working be necessary 
higher up. The concrete slabs on which the 
manholes are to be built are also put in. They 
are 9 or 12 in. thick and extend 

beyoncTOie outer face of the manhole for about 
9 in on all sides. Layers of concrete are also 
required under traps and gullys. 

Connection with Sewer. The actual 
connection with the public sewer, for which 
purpose junctions are often built into the 
sewer, is usually made by the local authority, 
who bring up the branch drain to the point 
where the private property abuts on the road. 
The laying of a drain begins from the lower end, 
and the spigot end of a pipe should always be 
the lower. Every drain should be laid in a 
perfectly straight line from manhole to manhole, 
or from any gully or trap to the manhole. The 
fall in the same distance should also be absolutely 
uniform. The reason for this is, that in a drain 
so laid it is possible, with the help of a mirror, 
to see through it from manhole to manhole and 
to detect at once the position of any obstruction. 

The illustration [35] shows a plan of a town 
house of considerable size and the method of 
draining it. Fig. 86 shows the plan of a 
large country house. In the latter there may 
be a considerable length of drain beyond that 
shown, so as to carry the system to a sewer or 


to the point where the sewage is to be dealt 
with, but the construction will be similar, lamp- 
holes and manholes being provided alternately 
at intervals. 

Forming the Intercepting Chamber 
Floor [37]. The footings and wall of the 
chamber must be raised to the levels at 
which the drains enter it. The intercepting 
trap is fixed at its proper level standing on a 
bed of concrete and set in concrete. The 
necessary channels are selected from the list of 
the maker whose goods are specified, and are 
first put together dry, to see that they fit properly 
the positions for which they are intended, and 
are then laid on fine concrete, the joints being 
left free till they have been very carefully made 
in cement. The main channel is jointed to 
the upper end of the trap, and if this channel 
can be obtained in one length, the upper, or 
socket, end receives the main drain from the 
building. In a large manhole the channel may 
be in two or more lengths, jointed. The 
channels from the branch drains, if any be 
required, are then fixed. The bottom or invert 
of each discharges into the main channel, and 
the upper end of each is jointed to the branch 
pipe. When these are fixed, fine concrete is 
filled in between the channels, care being taken 
not to break the jointB, and is banked up from 
the edges of the channels to the side of the 
chamber. In the case of a chamber receiving 
several branch drains at the sides, the banking 
must be curved to conform to the various 
branch channels, and often forms a somewhat 
narrow tongue between two curved channels. 
All this work requires great care, as the slightest 
flaw may allow the escape of water and result 
in the chamber being condemned. This 
banking is finally finished with a smooth 
trowelled face with Portland cement mixed with 
a little sand. 

In order to avoid the complicated work of 
forming the bottom of. a manhole as described, 
manufacturers now provide channels and 
junctions in one piece, suited to a variety of 
combinations. These may be utilised to form 
the bottoms of manholes. Some of these are 
also provided with covers [33, 34] to close the 
channels and prevent any possibility of the 
solid matter carried in the sewage being washed 
out of the channel by a sudden flush, deposited 
on the banks, and then left to decompose. 
Even when this is not provided, the fact that 
the bottom is in one solid piece, without a 
multiplicity of joints, is an advantage, but the 
fact of its being so may sometimes interfere 
with the nice adjustment of the drainpipe to the 
channel, possible in the ordinary method. 
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Building the Manholes. When the 
channels are set they are protected with boards, 
and the manhole or chamber is built up by tho 
bricklayer to the level of the ground. If it is 
deep, he builds into one side or angle a series of 
iron steps or bars, called climbing irons , to 
render the bottom of the m nhole accessible 
when necessary for inspecting or cleansing the 
drains. The size and form of a manhole 
depends on the number of drains which enter 
it, but, except in the case of a very shallow one, 
it should not be less than 2 ft. 6 in. in length 
or width, or it is difficult to use cleaning rods. 
The top may be contracted by means of over- 
sailing courses [see Bricklayer], or it may 
t>e covered with a single slab of stone [Fig. 31, 
page 571], which is perforated and rebated [see 
Mason] to receive the manhole cover. 

The Manhole Cover. The manhole 
cover consists of an iron frame (which should 
be galvanised) with a flange, which is bedded 
in cement on the brickwork top or in the 
rebate of the stone. There is a groove 
running all round the frame, and the top or 
cover has on its under side a flange which fits 
into the groove and seals the manhole. When 
closed, this groove may have sand or water 
placed in it to make an air-tight joint, but tho 
best method is to make a joint with Russian 
tallow, though other compositions are used. 
The object of making the cover air-tight is to 
prevent, the escape of sewer gas and for ad- 
ditional security double covers are often 
arranged for and should bo used wherever a 
manhole lias to be constructed w ithin a building. 

The cover, usually loose, is in some cases 
screwed to the frame at the angles ; hut if this 
is done, the holes must not be placed inside tho 
frame, or, in the event of one of tho screws 
being left out a free passage for sewer gas is 
provided. The top should he secured to a lug 
or flange outside the grooved channel. Tho 
walls of the manhole are often rendered in 
Portland cement [see Plasterer] for the 
low r er part- or to the full extent of their height. 
In the best class of work, interiors of manholes 
are often built with glazed bricks. 

Fresh-air Inlet. Every intercepting 
chamber must have a fresh-air inlet. For 
this, an ordinary drainpipe is taken into it 
near the top, which should be of the same 
diameter as the drain passing through it. This 
is taken to a selected point and connected with 
a vertical iron shaft, finished w r ith a box -shaped 
head [Fig. 32, page 571]; in the front of this 
one or more diaphragms, formed of thin sheets 
of mica and hinged at the top, are placed, so that, 
in the event of there being any pressure of air 
from the inside, they will close the orifice and 
prevent its egress, but will readily open to 
admit fresh air to the chamber and thence to 
the drain. This apparatus requires periodical 
attention otherwise the diaphragms are liable 
to beoome fixed, and thus permit the egress of 
sewer gas. 

The ordinary inspection chamber [38] only 
differs from the intercepting chamber in that it 
has no trap at the outlet and no fresh-air inlet, 
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otherwise it is constructed in the same manner 
— a cleaning pipo replacing the intercepting 
trap. 

Where a chamber is only required to allow 
of change of directi n in the drain [39, 40], it 
may be kept smaller but is in other respects 
similar. 

Lamphole* Lampholes [41] are useful 
in long, straight runs of drainpipes which 
receive no branch drains, enabling inspection 
chambers to be built further apart than would 
otherwise be the case. They are formed with 
ordinary drainpipes placed vertically over the 
drain, connected to it with a junction, which 
in this case must be a right-angled junction, 
and extending up to just below the ground 
level. The top is securely closed with a stopper, 
and may he buried two or three inches under 
the ground and marked, or — which is a better 
practice — terminate in a small chamber with a 
manhole cover. The object of this pipe is to 
permit of a lamp or candle being lowered to the 
level of the drain, so that it may be examined 
from the manhole above or below it in case of 
an obstruction. 

Laying the Pipes. Tho drain from the 
intercepting chamber to the next manhole 
or to a gully, soil-pipe, or ventilating pipe is 
usually put together dry and carefully levelled. 
In very good work special chairs of earthenware 
are used to raise the pipes about 2 or 3 in. from 
the concrete bed to allow of tho joints being 
made all round, but this is often done with 
pieces of brick or stone. Tho ordinary joint is 
made with Portland cement gauged with as 
little sand as possible. The socket of one pipe 
is coated with the material, and also tho spigot 
end of the next pipe*, and the latter is then 
thrust into the socket, care being taken to see 
that it is properly centred and goes well home 
and that the joint is at all parts w r ell filled with 
cement. The joint is afterwards carefully 
smoothed externally w ith a trowel and finished 
with a splayed surface or collar [13, 14, 

page 571). The inner face of the joint is also 
carefully cleaned, the workman thrusting his arm 
into the pipe and wiping off any cement which 
may be forced up between spigot and socket of 
the two pipes, and which, if allowed to remain, 
would obstruct the flow of the sewage. 

A badger is sometimes employed in this opera- 
tion. It consists of a block of w r ood smaller 
than the pipe, but with a rubber edge and a 
wire handle. It is placed below the joint before 
it is made, and afterwards withdrawn, bringing 
away any cement. Every pipe should be 
separately laid so that this operation may take 
place. If two pipeB are joined before being 
laid in the trench, the total length will be 
found ti o great to permit of it Joints be- 
tween pipes and channels or gullies are simi- 
larly made, and in any case where an inspection 
or cleaning eye is introduced the run of the 
pipes from this point to the next manhole 
should be perfectly straight and the fall perfectly 
even, as described, between manholes. 

Special Joints. Other forms of joints 
are used between pipes. One of the most usual 
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is known as Stanford's joint [15, page 571], the 
patent for which has expired. In this joint the 
socket is lined with a oompo ition formed with 1 
part of clean sharp sand, 1 part of boiled tar, and 
1J parts of sulphur. The surfaoe i3 slightly 
bevelled, the spigot has a band of the same 
composition slightly rounded, and the two when 
brought together form a close joint which ensures 
that the pipes are truly centred. The surface 
of the joint is smeared with tallow before the 
ipes are fitted, and the spigot end must be 
. riven well home to ensure a close internal 
joint. The outer edge of the joint is often 
fhdshcd with a cement collar. Another form 
of joint has the composition cast on in the form 
of a screw, the pipes being screwed together in 
fixing. A thin layer of cement composition 
is used with this joint. 

A special joint for pipes with a deep socket is 
formed with 
two separate 
rings of com- 
position with a 
clear space be- 
tween. After 
the pipes are 
put together 
this space is 
filled with 
liquid cement 
from a hole at 
the top formed 
for the pur- 
pose. T h i s 
forms a strong 
w a t e r-t i g h t 
joint. Where a 
drainpipe is to 
be connected 
with a vertical 
soil or venti- 
lating pipe — a 
c onnect ion 
which must 
always be di- 
rect, without 
any trap or 
gully — a bend 
must be used to connect the inclined drain 
and the vertical pipe. The end of the pipe, if 
of iron, is inserted into the socket of the bend 
and the joint made in cement. If the pipe U a 
lead one the end has a ring of brass, termed a 
sleeve or ferrule , fixed on its outer surface before 
the joint is made [see Plumber]. 

When any section of a drain is completed it 
should be at once tested as hereafter described. 
If every joint is found to be absolutely sound 
and no leakage oocurs, concrete may be filled in 
around the pipes very carefully. Each joint 
must be examined, the upper surface by the 
eye, the lower surfaoe by placing the hand below 
to see if there is any moisture exuding from 
the joint. The concrete is filled in under the 
pipes and the ohairs or bricks used to raise 
the pipes are left in position. The concrete is 
in most cases filled in till the crown of the pipe 
is covered with 6 in. of it. Great care must 
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be exercised in depositing the concrete, as 
any serious jar may break one of the joints, 
and when re- tested after the concrete has set the 
length may not hold water and have to be taken 
up and re-laid. The trench above the concrete 
should not be filled in till this re- testing has been 
done, for should a defect be found the labour 
will be thrown away. 

Iron Drainage Fittings. In addition 
to the various forms of earthenware goods 
hitherto described, oast iron is employed a good 
deal. In any drainage scheme which involves 
carrying a drain under a building, the local 
authorities usually enforce the use of iron pipes 
of heavy quality for such parts of the work as 
pass under the buildings. 

Iron pipes are described by the weight in lb. 
per yard run. The following weights are usual 
for house drains : 4 in., 54 lb. ; 5 in., 72 lb. ; 

6 in., 91 lb. 
The pipes 
used for this 
purpose are 
cast with deep 
sockets at one 
end, and a 
small project- 
ing bead at the 
other. They 
are made in 
longer lengths 
than stone- 
ware pipes, 
and are usually 
3,6, 9, or 12 ft. 
long. The iron 
drain should 
extend from 
manhole to 
manhole, t o 
avoid joining 
them with 
s t one ware 
pipes, and the 
joints are made 
b y inserting 
in the sockets 
of each pipe a 
ring of tarred yarn, then running in “ blue ” 
lead, so called to distinguish it from white or 
red lead. Blue lead is melted and poured into the 
joint, and afterwards caulked or hammered [ 42 ]. 

It is becoming increasingly common to use 
other fittings of iron, and to carry out entire 
systems of iron drainage. For this purpose not 
only pipes, but all the parts and fittings already 
described as of stoneware are now also made 
in cast iron. 

Makers now manufacture intercepting and 
inspecting manholes cast in one piece. Ihese 
consist of shallow iron frame* or ^oxes [43] within 
which the channels are formed, and outside 
whioh the various sookets for receiving the main 
and the branch drains are cast in at the required 
angle. An outlet or spigot end is also cast on for 
jointing to the drain below. The channels may 
be half round, or they may be extra deep, equal 
in depth to the diameter of the pipe. These 
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chambers are stocked in a great variety of forms 
to suit various sizes of drains, and fitted with 
branches of various sizes and at various angles. 
Any combination not stocked can usually be 
supplied with little delay. 

The manhole and all its branches must be set 
out, and the angles at which they enter measured, 
before the manhole is selected or ordered. When 
this is done, no difficulty should arise in fitting 
up. The great advantage of such a manhole is 
that, being in one piece, there is no possibility, 
if the casting is sound, of a leak within the man- 
hole itself, and it is provided with a top resem- 
bling an ordinary manhole cover, fitting into a 
groove and secured into position, which renders 
the manhole both gas and water tight. There is 
no possibility, therefore, of sewage overflowing 
the channels and decomposing, as in an ordinary 
manhole. Such a manhole, including the cover, 
is only a few inches deep, and must be placed 
within a chamber for easy access, but the 
chamber need not be constructed with the same 
care as is necessary when an open drain passes 
through it. 

The advantage a complete system of iron 
drainage possesses over earthenware is in its 
greater power to resist the disturbing influences 
due to settlements, vibration, or any external 
pressure under which an earthenware pipe might 
be cracked, and allow leakage. The surface of 
the iron must be protected from corrosion. This 
is generally done by a coating of Dr. Angus 
Smith's Solution , which consists of a mixture of 
coal-tar and pitch, with about 5 per cent, 
linseed oil, and sometimes a little resin, the 
whole heated to a temperature of about 300° F. 
The iron to be treated is plunged into the 
mixture and left in till it attains the same 
temperature, then removed, and allowed to cool 
in a vertical position. The best results are held 
to be obtained when the iron, before insertion, 
is heated to a tempreature of about 700° F., but 
this increases the cost. Glass-lined or enamelled 
iron channels and pipes are used sometimes, 
but are expensive. 

The small size of the manholes used in iron 
drainage systems, which are in some ways advan- 
tageous, have this drawback, that in the event of 
the outlet beihg temporarily stopped, owing to 
the sewer being fully charged, there is very little 
space in which the water collected by the drain 
can accumulate, and it will speedily overflow ; 
whereas the large cubic space provided in a deep 
manhole may, under such circumstances, tempo- 
rarily accommodate the drainage till the stoppage 
is removed. 

Stable Drainage. Stable drains are of a 
special character. Within the stable itself they 
are designed to collect and remove from every 
stall and loose-box the horses 1 urine. It is not 
desirable that the floor surface of the stalls 
should have any great inclination, nor should 
channels into wnich a horse might tread be left 
open. 

Stoneware channels are liable to breakage, 
and all such drainage is best executed in cast- 
iron channels, the depth of which is regularly 
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increased, so that the fall is obtained in the 
channel itself, while the top is kept at a uniform 
level, or nearly so, and may be covered with 
strong perforated cast-iron plates [ 44 ]. The 
channel may, in most cases, be run to the external 
wall, and discharged into a stable gully placed 
outside. Where this is not possible, traps, with 
strong iron covers, may be provided, and an 
underground iron drain taken outside the 
building. 

The covers to channels and traps are easily 
removed for cleaning, but cannot be disturbed 
by the horse. Open iron gutters are also 
sometimes used. They consist of several small 
shallow parallel channels with ridges between, 
which are arranged to give a foothold to the 
horses. All iron work to be laid in a stable floor 
must be provided with a roughened surface, to 
give a foothold. Channels are sometimes formed 
in concrete, with iron kerbs built in on cither side 
to receive the necessary covers. 

General Arrangement of Drainage. 

The drainage of individual buildings as applied 
to systems of water-borne sewage, with few 
exceptions, depends upon the action of gravita- 
tion, and in arranging a system of drainage this 
circumstance must not be lost sight of from 
the first. Care must be taken to see that the 
levels of the building or site to be drained are 
such as to allow of the drainage being taken to 
the public sewer, or to any other required 
destination with a sufficient fall to ensure its 
efficient action. In the case of water not carry- 
ing sewage, such as water collecting in founda- 
tions, it may, if necessary, be collected into a 
sump, which is a chamber sunk Mow the 
level to which the water rises, and in which it 
collects, and from which it may be pumped up 
so as to flow into a drain ; but even this is 
undesirable, as it means frequent attention and 
expense. This system is not applicable to 
sewage from private buildings, but it is some- 
times employed on a large scale in sewerage 
systems. 

Detailed Arrangements of Drain- 
age. These ^ vary so greatly under different 
circumstances that it will be possible only to 
refer to the general principles involved. The 
first matter to be determined is the ultimate 
destination of the sewage or water to be dealt 
with, and the level of the outfall of the drain. 
Where the difference of level between the lowest 
part of a building to be drained and the outfall 
is ample, it removes what may be a serious 
difficulty should there not be depth for an 
adequate fall in the drains. 

Self-cleansing Drains. For a drain to 
be self-cleansing the liquid in it should flow with 
a velocity of at least 3 ft. per second. The 
velocity is considerably reduced when the drain 
is only filled to a small proportion of its 
capacity, which is the usual condition of 
domestic drainage, and most local authorities 
require a sufficient fall to give a velocity of 
approximately 5 ft. per second when the drain 
is running half full. 
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A table of the approximate inclination to wbioh 
dmins must be laid to secure various velocities 
when flowing half -full, and the number of gallons 
discharged per minute when flowing full bore * : 

* Compiled from tobies in Hurst's Architectural Sur- 
veyor's Handbook. 


Internal 
Diameter of 
Pipe. 

Inclination. 

Velocity in 
Feet per 
Second. 

Discharge in 
Gallons per 
Minute. 

2-inch 

1 in 100 

2 

16 


1 in 50 

8 

24 

« 

1 in 80 

4 

88 

3-iuch 

1 in 20 

5 

40 

1 in 140 

2 

88 

Pi • « 

1 in 70 

8 

56 

*, . . 

1 in 45 

4 

78 

M • • 

1 in 80 

6 

08 

4-lnch 

1 in 200 

2 

66 

„ 

1 in 100 

3 

98 


1 in 65 

4 

135 

0-inch 

1 in 40 

5 

162 

1 in 800 

2 

150 

»t • • 

1 in 140 

8 

226 

f# # 9 

1 in 80 

4 

805 

0-inch 

1 in 59 

5 

870 

1 in 450 

2 

337 

• • 

1 in 220 

3 

500 

M • • 

1 in 125 

4 

687 


1 in 00 

6 

820 


It i r not, as a rule, convenient for the invert of 
the manhole at the head of the drain to be less 
than 1 ft. 6 in. from the ground level, and the 
fall being determined and the length of drain 
set out, the actual levels of the various manholes 
and of the outlet may be calculated in reference 
to a fixed datum. When possible, it is desirable 
to make the fall in the drain follow any general 
inclination in the surface of the ground, so as to 
save as much deep digging as possible ; but the 
planning of an efficient drainage system must 
not be in any way sacrificed to do this. In cases 
where the sewer is very deep, it is usual to lay 
out the whole system as far as the intercepting 
chamber to ordinary falls, and to give the last 
length of pipe between the syphon trap and the 
sewer the necessary inclination to make the 
connection. 

Where the depth available is ample, the open 
channel running through the manhole may be 

f ivon a sharper fall than the general drain (say, 
in. in 1 ft.), so that the contents before reaching 
an intercepting trap may attain extra velocity. 

Drains not Self-cleansing. Where the 
depth between the head of the drain and the 
outfall is inadequate to give the desired fall, 
the levels must be worked out very closely, and 
care taken in planning to make the length of 
the drain as short as possible. It may be neces- 
sary to assist the cleansing of the drain by an 
automatic flushing tank [see Plumber] placed at 
the head of it. Water is allowed to flow into 
this tank at a regulated speed, and when full it 
discharges automatically its entire contents 
rapidly and with high velocity into the drain, 
thereby scouring it out. The outlet of the tank 
should be as large as the drain to be flushed, the 
object being to charge the drain fully. The tank 
should contain not less than 50 * gallons for 
flashing a 4-in. drain, and the frequency of the 
flush may be regulated. Tanks with larger 
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capacities may be used, and are necessary for 
larger drains. 

Size of Pipes. The size of drainpipes is 
regulated by the work they have to do. Where 
the sewage system is separate the maximum 
flow can be readily gauged, and, as an example, 
the regulations ot the Board of Education re- 
quire a 4-in. pipe, unless it is connected to more 
than ten w.c. s, in which case it must be 6 in. 

If the rainwater is carried by the same pipe 
there is a liability in times of excessive rainfall 
for the drain to be choked with water if it is 
inadequate to carry it off It is necessary then 
to calculate the area from which water is collected 
into the drain, and it is usual to allow for 
collecting the following quantities of water as 
the result of rainfall in ordinary districts in 
England : 

From roofs . . 

From paved yards 
From gravel paths 
From meadow land 

Occasionally, for short periods, a fall at the 
rate of 1 in, and even more per hour may have 
to be dealt with from roofs. 


0*75 in. per hour. 
0*75 „ „ „ 

0-40 „ „ „ 

010 „ „ ., 


Position of Inspection Chambers. 

With a view to economy it is desirable to use as 
few manholes as is consistent with efficiency, 
and to converge as many drains as possible 
at each. Tn a soil-drain every connection and 
every change of direction must be made at 
a manhole [38. 39, 40], In a rainwater drain 
the same principle should be observed as far as 
possible, but if the main run is laid in a straight 
line to true falls and only conveys rainwater, 
most local authorities allow junctions to be made 
with it. When rainwater branches must be 
taken into a soil-drain, and the connection 
cannot readily be made in a manhole, a 
separate rainwater pipe should be laid from 
manhole to manhole alongside or above the 
soil-drain, to reoeive such connections. 

Position of Intercepting Chamber. 
The intercepting chamber [37] is usually 
required to be placed on the owner's land, 
but as near the public sewer as possible, 
when one exists, or near the cesspool. In some 
town districts where houses are built up to the 
edge of the footway they are permitted in the 
public footway. In most cases at least one 
other inspection chamber is necessary, placed 
close to the most distant point to which the 
drain requires to be carried. 

In the town -house plan [35] the house drains 
and the stable drains have in each case only the 
intercepting chamber and oneo her. In the 
country-house plan [36], in which the rain- 
water drains and soil -drains are separated, many 
chambers are required, due partly to the large 
number of branches, partly to the changes of 
direction. The rainwater drains are given a 
smaller fall than the soil - drains, which is 
permissible as they have not to convey solid 
matter. Details of some of the chambers are 
given, indicating the method of combining the 
various fittings described under different 
conditions [37-40], 

Continued 



OBJECT DRAWING & PRACTICAL GEOMETRY drawiko 


Objects on Same Principle as Cone and Cylinder. Triangular Prism. 
Square, Hexagonal and Octagonal Pyramids. Regular Polygons 


5 

Continued from 

p*f»4W 


By WILLIAM R. COPE 


this time the student ought to have made 
such progress in drawing rectangular, 
conical, or cylindrical objects to & found among 
household utensils, etc.— such, for instance, as 
155-180 — as to enable him to draw from much 
larger objects. It will help him if we discuss 
certain principles underlying the drawing of 
the triangular prism, square and polygonal 
pyramids. 

Several different views are shown in 161 to 
166 of a prism which has an equilateral triangle 
at each end. The student should obtain one or 
two such prisms, or make them out of bits of 
cardboard, fastened at the edges by mcanR of 
tape or paper. A convenient size would be about 
12 in. or 15 in. long, and edges of the triangular 
ends about 7 in. or 8 in. Place the prisms in 
such positions as indicated in 161 to 166, and 
study the apparent changes in the form of the 
equilateral triangle, the foreshortening, in somo 
views, of the long edges, and the direction of 
the apparent convergence of certain parallel 
edges. It is of little use to examine only the 
representations given in 161-166 ; the student 
must train his eye to see correctly the many 
apparent forms which an object takes in various 
positions. 

It will be seen that when the prism is lying 
flat dowm on one of its oblong faces the apex 
A (although really vertically over the real 
centre D of the base BC) is only apparently so 
when the student is directly opposite the end, as 
in 162. In 161, 163, and 165, the apex A is 
apparently vertically over the point D, which is 
not the apparent centro of the base BC , for the 
nearer real half CD in 161 and 163 is apparently 
slightly longer than the further real half BD, 
and in 165 BD is greater than DC. In 166 the 
apex A is vertically under the point D, as the 
prism is supposed to be resting on an edge, with 
its upper oblong surface parallel to the ground. 
Beginners often make an incorrect drawing like 
that in 167, because they do not see the correct 
apparent position of the apex A with reference 
to the base BC. Of course, when the object is 
tilted, as in 161 and 165 the apex A does not 
necessarily appear vertically above the point 
D of the base BC; when the prism is in such 
positions the apex may appear to be in an infinite 
number of places not vertically over D ; and 
to determine these relative positions careful 
observation of the object must be made. It 
should also be noticed how varied are the 
apparent lengths of the edges of the equilateral 
triangle, and of the long edges of the prism. 
In 168 the student should observe lhat the 
base BC of the further end is apparently slightly 
longer than BC of the nearer end ; this is only 
another example of what was mentioned con- 


cerning the further end of the cylinder [see 1521. 
Great attention should be given to the direction 
of apparently converging edges, although no 
errors should be made if the student remembers 
that receding parallel edges always appear to 
converge in the direction they go from him, 
whether upwards or downwaras from him, or 
right and left away from him. 

The Square and Other Pyramids. 
We will next examine the square pyramid, of 
which several correct representations are given 
in 168-175 ; but 176 is incorrect, and shows a 
very common error made by beginners, who 
forget, or do not observe, that when the object 
is standing on its base, the axis AB of the 
pyramid ought to be •vertical , and therefore also 
the apex A vertically over the centre B of the 
base as in 168, 169, and 175. The triangular 
faces of the pyramid vary infinitely in their 
apparent forms, especially when the object is 
lying down on a triangular face, or when tilted 
as in 170—174 ; and to obtain a true drawing the 
student must exercise his perceptive powers 
most carefully. Tn 175 we have a view of the 
pyramid with its axis vertical, and the object 
above the eye level ; this shows how a spire 
or turret might appear on a building. Some 
spires and turrets are similar in construction 
to a hexagonal or octagonal pyramid, as shown 
in 177 and 178, which are all representations of 
vertical positions of these pyramids, 177 and 
181 being the appearance when below the eye 
level, 178 when the base is just on tlfc eye level, 
and 179, 180, and 182 when above the level 
of the eye. In all of these (177-182) it will be 
seen that the axis AB and the apex A are again 
vertically above the centre B of the base. The 
position of this centre may be easily found by 
drawing diagonal lines, as indicated by dotted 
lines on the bases of 177-182. 

The student should now be prepared to make 
studies of objects such as 183-185. 

PRACTICAL GEOMETRY 

Regular Polygons. There are general 
and special methods of constructing these poly- 
gons. The general methods, as in 187, 188, and 
198-195, apply equally to all polygons, but in 
particular polygons the special method is 
sometimes shorter and more accurate, as in 
189-191, and 196-198. Remember the following 
important facts concerning regular polygons : 

i. Lines whioh bisect the angles of regular 
polygons meet in one point, which is the centre 
of the figure, and they divide the polygon into 
a number of equal triangles. In the hexagon 
these are equilateral [189], but in all other 
lar polygons they are isosceles [191-192]. 
The centre of the polygon is the same 
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DRAWING 

an that of the circle to which the sides of the 
polygon are tangent (the inscribed circle) and 
also of the circumscribed circle which passes 
through the angular points [see 187-194]. 

iii. The sum of all the interior angles of a 
regular polygon plus four right angles is equal 
to twice as many right angles as the figure 
has sides. [Euc. I. 32.] This affords a ready 
method of constructing any regular polygon 
by means of the protractor, as in 195, when the 
side is given — a fact made use of in surveying. 

187. In a Given Circle to Inscribe any 
Regular Polygon (Approximate Method). 
Draw the diameter AB and divide it into the 
same number of equal parts as the figure has 
sides (say five). With A and B as centres, 
and AB as radius, make arcs intersecting at G. 
From C draw CD, always through the. second 
division on AB, cutting the circle in D. Join 
AD, which is one side of the pentagon required. 
Set off A D round circle and join points as shown. 

188. Another Method. Draw any radius 
AB. At the centre A make an angle with AB 
equal to 360° divided by the number of sides 
of the regular polygon required, say a pentagon. 

Thus, 360° ■*- 5 = 72°. Therefore, make the 
angle BAC •= 72°. Join BO. which is one side 
of the pentagon. Set off BC round the circle, 
and join the points as shown. 

189. To Inscribe a Regular Hexagon in 
a Given Circle (Special Method). Draw any 
diameter AB. With centres A and B, and radius 
equal to that of the circle, cut the circle in 1,2, 
3 and 4. Join the points as shown. 

190. To Inscribe a Regular Duodecagon 
in a Given Circle (Special Method). Draw two 
diameters AB and CD perpendicular to each 
other. With centres A, B, C, and D, and radius 
equal to that of the circle, describe arcs cutting 
the circumference of the circle. Join the 
twelve points as shown. 

191 To Inscribe a Regular Octagon in a 
Given Circle (Special Method). Draw two 
diameters AB and CD as in 190. Bisect each 
quadrant thus formed, cutting the circumference 
as shown. Join the eight points thus obtained. 

192. To Describe any Regular Polygon 
About a Given Circle (General Method). 
Divide the circumference into as many equal 
parts as the figure is to have sides (say, five for 
a pentagon). From the centre C draw lines 
through each point. Draw A B, one of the sides 
of the inscribed pentagon. Bisect AB by the 
perpendicular CD, cutting the circumference 
in D. Through D draw the tangent EF parallel 
to AB, cutting CE in E, and OF in F. Make 
CO, CH, and CK each equal to CE or CF. 
Join F, O , H , K and E as shown. 

198. On a Given Line AB to Construct 
any Regular Polygon (General Method). 
Produce AB, and with centre B and radius BA 
describe a semi-circle, and divide it into the 
same number of equal parts as the figure has 
sides (say five). Join B with 2. Bisect AB 
and B2 by lines intersecting at D. With D as 
centre ana radius DA or DB, or D2, describe a 
circle. Set off AF and FE each equal to AB. 
Join the points thus obtained. 
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Note. In this construction great care is 
required in dividing the semi-circle oorreotly, 
which may be done with the protractor. As 
there are 180° in a semi-circle, divide 180° by 
the number of sides the polygon will have ; 
thus, 180° -4-5 =36°. Then make the angle 
CB 1 equal to 36°, and mark off C\ round the 
semi-circle as shown. The semi-circle may be 
divided into four equal parts with the 45° set 
square, and into three equal parts with the 
60° set square. 

194. Another General Method. Bisect 
AB by the perpendicular CD. Make CE equal 
to AC or BC. With centre B and radius BA 
describe an arc cutting CD in E. E and F are 
respectively the centres of circles belonging to 
the square and hexagon. Bisect EF in G. 
With centre G and GA or GB as radius, describe 
a circle, and set off AB round it. Join the 
points, and ABMNO is the pentagon required. 
By making 6 7, 7 8, 8 9, etc., each equal to 
4 5 or 5 6, we obtain centres for the heptagon, 
octagon, etc., as shown. 

195. Another General Method, by Using 

the Protractor. The number of degrees in 
each angle of a regular polygon may be found 
as follows : From twice as many right angles as 
the figure has sides , subtract four right angles, 
and divide the remainder by the number of angles 
in the figure. [Paragraph iii.] Suppose a 
regular pentagon be required. As it has five 
sides, from ten right angles deduct four, and 
the remainder is six right angles. Then 
(90° x 6) 5 = 540° ^ 5 - 108°. At A and B 

make angles of 108°. Make AE and BC each 
equal to AB. With E and C as centres and 
AB as radius make arcs intersecting at D. 
Join the points as shown. For a nonagon the 
angle would he found thus : From eighteen 
right angles deduct four, leaving fourteen right 
angles. Then (90° x 14) ■+■ 9 a» 1260° -s- 9 = 140°. 

198. To Inscribe an Octagon in a Given 
Square A BCD. Draw the diagonals AC and 
BD. With centres A, B, C and D, and radius 
AE (half the diagonal), describe arcs cutting 
the sides of the square in F, G, H, K, L , M, N 
and O. Join FG, HK, LM, and NO. Then 
FGHKLMNO is the required octagon. 

199. To Construct any Regular Polygon, 
having the Diameter AB Given. Through A 
draw CD perpendicular to AB. Take any 
convenient distance Ac, and make Ad equal 
to it. Upon cd construct, say, a regular 
pentagon cd(bf. From A draw lines through 
e and /. From B draw BE and BF respec- 
tively, parallel to be and bf . And from E and 
F draw ED and FC parallel to ed and fc. 
Then CDEBF is the required pentagon. 

It should be noted that the diameter divides 
the polygon into two equal parts. In a polygon 
with an equal number of sides, the diameter 
passes through the centre, and is terminated at 
the middle points of two opposite and parallel 
sides, as DE in 196 ; but in a polygon with an 
odd number of sides, it passes through the 
centre from one angle to the middle point of 
the opposite side, as AB in 199. 

Continued 
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GERMAN “Sfi- By P. G. Konody and Dr. Osten 


The Article. 

I. The Definite Article is denoted in 
German by bet for the masculine gender (m.), tie 
for the feminine (/.), and batf for the neuter (n,). 
This grammatical gender is, however, quite 
arbitrary and not always associated with the sex 
of persons, or with its absence in the case of 
objects It is therefore absolutely necessary , when 
committing a particular noun to memory, to 
connect it inseparably with its definite article. 

The definite article is often used in German 
when it is omitted in English, with collective 


and abstract nouns, names of streets, mountains, 
metals, seasons, months, days; before proper 
names preceded by adjectives. 

The Indefinite Article is expressed by citi 
for masculine and neuter, and fine for feminine 
substantives. 

II. All substantives and nouns used sub- 
stantively are written in German with capitals ; 
all other words with small letters, except those 
which begin a new sentence or a quotation after 
a colon. 


Examples of Gender: 

Masculine : Feminine : Neuter : 


ber (etn) 5Jiann ; the (a) man. bie (eine) grait ; 

ber (ein) Bater ; the (a) father, bie (cine) ’SJiutter ; 

ber (ein) gifd) ; the (a) fish. bic(einc)£d)lcm$c; 

bet (ein) Blunt) ; the (a) mouth, bie (cine) §at\b ; 

ber (cin) tfiocf ; the (a) coat. bie (einc) 'Incite ; 

ber (etn) Tifd) ; the (a) table. bie (eine) Batif ; 

ber (ein) BJalb ; the (a) forest. bie (eine) BMcfc ; 

bet (ein) Blonb ; the (a) moon. bie (einc) Sennc ; 

ber (em) Bacfy ; the (a) brook. bie (cine) BWlc ; 

ber (ein) Tag ; the (a) day. bie (cine) iUcd;? ; 

Personal Pronouns. 

III. The personal pronouns are : 
id) : I. foil* : we. 

bu : thou. tfyr : you. 

cr, fie, eft : he, she, it. fie : they. 

Notes: 1. The second person singular, which 
in English is only used in biblical parlance, is much 
more frequently employed in German, where it 
is the usual form of address in the family circle, 
or among intimate friends. The general or polite 
form of address is the third person plural: 
(Sic baben (you have), <8ie jinb (you are) etc. 
To distinguish this form of address from the 
grammatical form, the word <Sie, when used for 
“you,” has a capital letter, whilst ftc for “they” 
has not. The capital is, of course, retained in 
the declension. The first person singular „icfy" 
only has a capital at the beginning of a sentence. 

2. There are, in German literature, two other 
forms of address, besides the bu and Sic. One 
of them corresponds to the English “you” 
(second person plural) — ftib, tyobt — and 


the (a) woman, baft (cin) .ftinb ; the (a) child 
the (a) mother. bae(ein)3fiat>d)cn;the (a) girl, 
the (a) serpent, bas (cin) BJiefcl ; the (a) weasel, 
the (a) hand. bae (ein) !Dl)t • the (an) ear. 

the(a)waisteoat. baft (etn) §emb ; the (a) shirt, 
the (a) bench. baft (cin) Belt ; the (a) bed. 

the (a) meadow, baft (ein) gclb ; the (a) field, 

the (a) sun. baft (cin) Vid)t ; the (a) light, 

the (a) wave. baft (cin) Blccr ; the (a) sea. 

the (a) week. baft (cin) ^afyr ; the (a) year. 

is used in the classic drama. The other — cr iff, 
er bat (third person singular) — is an antiquated 
and rathor contemptuous form of addressing 
subordinates. Both these forms are not in use 
at the present time, but they will be frequently 
found in literature. 

3. In letters £>u (thou) and 3()r (you) are, 
for reasons of courtesy, always written with 
capitals. 

The Verb. 

IV. 1 . All verbs in German terminate in 
cn or n. Thus, the verb avbcitcn (to work) is 
formed of the stem arbeit and the suffix -en; 
raueben (to smoke), of rauefpen ; gebon (to give), of 
gcb.cn. 

2. The Auxiliary Verbs of Tenses are: 
fein, to be ; baben, to have ; and tnerben, to become. 
Note the omission of the preposition in the 
infinitive. These auxiliary verbs are used as in 
English, either independently, or for the for- 
mation of compound tenses of other verbs 
Their conjugation, which is irregular, is to be 
found in the following tables. 
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TABLE V. 

Conjugation of the Auxiliary Verba. 

Infinitive. 


Present : ftln — to be. fyabett — to have. werben — to become. 

Past : gcwefen fciit — to have been, gcijabt baben — to have had. flcwtfvben fciit — to have become. 


Present: fcicnb — being. 

Past • flcw. ( en —been. 


S. 1. id) bin —lam. 

2. bn bift — thou art. 

3. ev* ift — he* is. 

P. 1 . wir ftnb — we are. 

2. ifyr feib — you are. 

3. jte (tub — they are. 


S. 1. id) fci —I be. 

2. bu fc (Oil — thou be. 

3. er fci —he be. 

P. 1. wir feien — we be. 

2. iijv fei( ) — you be. 

3. fie fcicn — they be. 


Participle. 

babenb — having, 

getyubt — had. 

Present. 

Indicative. 

tcb tbe — I have, 
bu baft — thou hast, 
er bat — he has. 
wit baben — we have, 
ifyr babet —you have, 
fte baben — they have. 

Conjunctive (Subjunctive). 

id) babe — I have, 
bu babeft — thou have, 
er l)abe —he have, 
wir baben — we \ 
ibr t>obet — you [■ have, 
fie baben — they J 


Wcrbettb — becoming, 

gewotben — become. 


id) werbe — I become, 
bu wtift — thou becomcst.* 
er imrb — he becomes. 

Wtr werben — we become, 
ibr werbet — you become, 
fie werben — they become. 


id) werbe — I become, 
bu werteft — thou become, 
er trerbe — he become, 
trir trerben — we j 

il)r werbet — you | become, 
fie trerben — they J 


S. 1. id) lrar —I was 

2. bu wavfl — thou wast 

3. er trar — he was 
P. 1 . trir trarett — we \ 

2. il)r travet — you r were 

3. fte traven — they J 


S. I. id) ware — I ^ 

2. bu tv a reft — thou 

3. er wave — he 

P. 1 . wir traven — we 

2. ibv wavet —you 

3. fie woven — thcy y 


Imperfectf. 

Indicative. 
id) ^atte —I had. 
hi batteji — thou hadst. 
cv battc —he had. 
wir fatten — we "j 
ibv battet — you J had. 
fte fatten — they J 

Conjunctive (Subjunctive). 

id) t)dtte — I had 

bu ljdttefl — thou hadst. 

ev b dttc — he had. 

wir batten — we \ 

i^r bath't — you j- had. 

fie batten —they; 


id) w trb (wurbe) — I became 
bu warft (wtirbeft) — thou becamest 
er warb (wurbe) — he because, 
wir wuvbcn — we \ 

ibv wuvbet —you [-became. 

fte wurben — theyj 


id) wurbe — I became, 
bu wurbeft — thou bccamcst. 
er Wurbe — he became, 
wir truvbett — we ) 
il)V wuvbet — you i became, 
fie wuvbcn — they J 


S. 1 . id) bin n 

2. bu bift 

3. er ift ( 
P. 1. wivftnb 

2. ibv feib 

3. fte ftnb ' 


— I have 
n — thou hast 
^ — he has 
§ — we have 
^ — you have 
— they have 


J 


Perfect. 


Indicative. 


id) t>vibe 
bu baft 
er bat 
wir baben 
ibv babt 
fie baben 


v — I have . 

— thou hast 
■§ — he has [rS 
^ — we have r £ 
— you have 
' — they have' 


id) bin 
bn btft 
er ift 
wir ftnb 
ibv feib 
fte ftnb 


s — T have . 

] g — thou hast 
I H — he has 
§ — we have 
% — you have 
' — theyhavo' 


o 

£ 

o 

£ 


S. 1. id) fci 

2. bu fei(e)ft 

3. er fci 

P. I. wir feien 

2. ibr fei(e)t 

3. fie feien 


^ — I have v 

B —thou have 
•£ — he have 
h § — we have 
** — you have 
' — they have 


Conjunctive (Subjunctive). 


id) babe . 

— I have . 

id) fci > 

— I have 

bu babeft 

^ — thou have 

bu fci(:)ft 

| d — thou have 

er babe 

? —he have 

t* n fci 

1 £ — he have 

wir babett 

"*5. — we have 

" j5 wir feien i 

[ | — we have 

ibr babet 

J — you have 

' ibr iei(:) 1 

— you have 

fte baben > 

— they have' 

fte feien ' 

— they have 


* The third person stands of course for all three genders: er, fte, c$ ; he, she. it. 
f The Imperfect and the Pluperfect of the conjunctive can be circumscribed by the I. and 
II. Conditional. 
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8. 1. id) tear 

2. bu warf! 

3. cr wav 
P. 1. wir woven 

2. tfyr ward 

3. fie waren ■ 


S. 1. tcf> n^are 

2. bu wo reft 

3. cr ware 
P 1 . wir woven 

2. tyrwarct 

3. ftc woven < 


—I had 
- — thou hadst 
E -he had 
g — we had 
you had 
— they had - 


— I had 
-• — thou hadst 
— he had 
g — we had 
^ — you had 
— they had - 


TABLE V. — Continued, 
Pluperfect.* 

Indicative. 
i^ljatte . —I had 
bu fjottcff 1 — thou hadst 


•~i . ■ 


Indicative. 

8 . 1 - id) Wevbc ^ I shall 

2. bu wirft I fein, thou wilt 

3. crwtrb l.,, he will 

P. 1. wir wcvbcn [ " au ,f we shall 

2. ibr wcrbet ] wcvbcn, you will 

3. ftc w ate it ' they will 


er^atte [* —he had 
tt>it fatten — we had 

ifyr fyottct — you had 

fte fatten ' — they had ' 

Conjunctive ( Subjunctive ). 

id)l)atte v — I had > 

bu fyottefl ^ — thou hadst 
erfydtte I he had 
Wtr fatten f ^ — we had 
i!)r ijottct — you had 

jte fatten / — they had > 

First Future. 


{$ tear . 
bu warjt 
er war 
wir warett 
il)r ware! 
fte waten ■ 


id) Wore . 
bu wareff 
er wore 
Wit woven 
ityr ward 
ftc woven - 


—I had 
g —thou hadst 
£ — he had 
g —we had 
& — you had 
— they had - 


— I had 
g — thou hadst 
£ — he had 
| — we had 
& — you had 
— they had * 


S. 1 . id) wevbc . 

2. buwirft 

3. crwtrb 

P. 1 . wir wcvbcn C 

2. il)r wcrbet 

3. ftc warn ) 


flmvfcnfcin, 
fldjabt fyaben, he will 

'vnwftcn wcsha } 1 1 

fein y° u Wl11 
’ ClU ' they will 


id) wevbc . 

be. bu we rbefi 

i cr werbe 

W ' Writ lwrben 

become. il)r werbet 

ftc wcvbcn . 

Second Future. 

iKSr 


Conjunctive (Subjunctive), 
\ I shall x 


thou wilt 
lie will 
we shall 
you will 
they will J 


become 


A have been, 
have had. 

>- 

have 

j become. 


cr wevbc 
wir werbett 
ifyr wcvbct 
ftc wcvbcn - 


* #wn,w '' thou wilt 1 
i]cf)oK(;abcu, he will ( 

flworbm weshft |J 

f(in >', ou w,n 
' ' they will J 


\ have been. 
( have had. 
f have 


become. 


I. Conditional (of the Imperfect). 
8. 1. id) wurbe N J should 


2. bu wiirbcft 

3. er wurbe 
P. 1. wirwurbett 

2. iljrwurbct 

3. ftewurben 


thou wouldst 
he would 
we Bhould 
you wo Id 
they would 


^ ~ I should 

c & .E thou wouldst 


II. Conditional (of the Perfect). 
id) wurbe .s I should . 

bu wiirbcft thou wouldst] 8’ 

cr wurbe 1 S he would I jS. 
wivwiivtcn we should f ^ 

\i)X Wuvbct g & % you would | 
fic Wuvbcit / *** ** <& they would ' 


The I. Conditional may be used alternately with the Imperfect of the Conjunctive and 
the II. Conditional alternating with the Pluperfect of the Conjunctive. 

Imperative. 

Singular: fei! — be! fyobe! — have! Werbe! — become! 

Plural: feib! — „ fjabet ! — „ Wcrbet! — „ 

The student is advised to learn first the tenses in the Indicative, and to reserve the Btudy of the 
Conjunctive until he is further advanced in his knowledge of German. 


Examples with the present tense of fein 
(see Table V.). 

3d) bin etn SWonn, bu btji ber 2Wer, 

I am a man thou art the father 

cr iff ctn <2cf)n, fie ift cine Srau, 

he is a son she is a woman 

etf iff cin Jtinb, wir finb tyier, tt)r feib bert, 

it js a child we are here you are there 

@ie finb $uf. fie jtnb** 

you are good they are good. 

* The Imperfect and the Pluperfect of the 

II. Conditional. 


Declension. 

. 1. The German substantives have thre6 
systems of declension: the strong , the 
weak, and the mixed. 

%. In the declension the substantives 
generally take suffixes with or without 
modification of the root vowels. For 
the sake of euphony certain consonants 
are TOrrretimes- timrWed — end-vowels 
omitted. 

conjunctive can be circumscribed by the I. and 
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3. Declension of the Definite Article. 


Singular. 


Nom , 

ber (m.) bie (/.) 

bag (w.) 

the 

Gen . : 

be$ 

ber 

bee 

of 

the 

Dat. : 

bent 

ber 

bem 

to 

the 

Acc. : 

ben 

bie 

ba$ 


the 


Plural (alike for all three genders). 


Nom. : 

bie 

the 

Gen . ; 

ber 

of the 

Dat. : 

ben 

to the 

Acc. : 

bie 

the 


4. Declension of the Indefinite Article. 
Nom. : ein (m.) etn^c (/.) ctn (n.) a (an) 

Oen. : euuee cinder eiiue# of a (an) 

Dot. : etitjem eiu^c c cittern to a (an) 

Acc. : cuuen ein=e eitt a (an) 


2. When is the definite article used in German 
and omitted in English ? 

3. Which personal pronoun is always written 
with a capital, and when are other pronouns 
written with capitals or with small initials T 

4. How many forms of personal address are 
employed in German, and which is the 
familiar form ? 

5. How is the Infinitive of the verb formed in 
German ? 

6. How do you recognise the strong declension 
of masculines and neuters in the singular, 
and of all three genders in the plural ? 

7. Are there any parallels in the declension of 
the definite and the indefinite articles ? 

8. What is the characteristic feature of the singu- 
lar in the strong declension of feminines ? 


It will be seen that both articles have in many 
cases the same inflections, and that several cases 
show no changes (Nom. and Acc. /. and n. and 
the Gen. and Dat. /. The indefinite article has 
no plural). 

Declension of Nouns. 


VI. 1 . Masculine and neuter substantives in 
the strong declension 

(a) add in the Gen. sing . or A , 

(b) cast off in the Dat. sing, the of the suffix 
acquired in the Genitive , 

(c) retain in the Acc. the form of the Nomi- 
native. 


2. Feminine substantives remain unchanged in 
the Singular (see Table VI., 3 and 7). 

3. In the Plural of the strong declension the 
substantives 


(a) retain in the Nom. the form of the Nom. 
sing, (see Table VI.. 2 and 5) ; or 

(b) add the suffixes j e, ;cr or 

A, with or without modi- 
fication of the root vowels (See 
a, c, u, au into a, c, ii, du. Table VI., 

(c) retain these forms in the 1 , 3, 4, 6, 7, 

Gen., 8, 9.) 

y d) retain in the Acc. the form 
of the Nom. 

(e) add in the Dai. the further j TableVl 
suffix ( 1, 3, 4, 6. 7.) 


Group (a) remains unchanged in the Nom., 
Gen., and Acc., and only takes the m in the 
Dat. unless the words belong to the following 
exceptions : 

4. The Suffix ai is not added in the Dat. Plur . 
to nouns which have the Nom . Plur. ter- 
minating in 'Ai (Table VI., 5 and 8). In nouns 
which terminate in 'A in the Nom. Plur. 
(mostly of foreign derivation: bie Scrbe, 
tie Sccfentf, tic (Sbefe etc.), the Dat. also 
remains unchanged (Table VI., 9). 


EXAMINATION PAPER II. 

1. Which are the definite and the indefinite 
articles for the three genders in German, and 
which of them coincide ? 


9. Which class of substantives takes the suffix 
A in the strong Plural ? 

10. Are there any exceptions to the use of the 
suffix \\ for denoting the Dative Plural of 
the strong declension ? 

1 1 . What is the characteristic trait of tho Dative 
Sing, in the strong declension ? 

12. Is thero an auxiliary verb of tense in 
German which has to be replaced in English 
by an ordinary verb ? 

For Examples see the preceding paragraphs. 

Exercise I. 

Insert in the blank spaces 
(a) The Definite Article. 

.... 2flann (m.) gr au(/.), . . . Hinb(n), 

the man (husband) ; the woman (wife) ; the child : 

®anf (/.), 'fremb (n.), 3J?onb(m.), 

the bank; the shirt; the moon; 
.... fftod (m.), .... £anb (/.), 

the coat ; the hand ; 

.... aJlatin (m.) .... grau (/.), .... grau (/.) 

the husband of the woman; the wife 

. . . SRamue* (m.), . . . Abater (m.) . . Hinb?ee(n.), 

of the man ; the father of the child ; 

59elte (/.) . . , . 9Jleev;e$ (n.), — Hint) (n.) .... 

the wave of the sea ; the child of the 

grau (/.) unb ... . SJtamuee [m.) f £id)t (».) 

woman and the man; the light 

.... SDlcnt^eei (m.) unb <Srmte (/). 

of the moon and of the sun. 

(b) The Indefinite Article. 

®ib* Hinbe (n.) grau (/.) Slpfel (m.), 

give to the child of the woman an apple ; 

gib grau (/.) SBcfte (/.) unb died (m.), 

give to the woman a waistcoat and a coat ; 

id) gob* £emb (ft.) SWanne (m.) unb .... 

I gave the shirt to a man and a 

2Befte (/.) grau (/.) fur SWann (m.). 

waistcoat to the woman for the man. 

* (§Hb is the imperative singular , and id) gab 
the imperfect, of ge&cn to give. 
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Exercise II. (b) The Auxiliary Verb fan (to be) in the 

Insert in the blank spaces : present tense and the Articles. 

\a) The Personal Pronouns and the Articles. $$ ftremtb $ater$. $u 

[Mind the Initials ! See II. and III.] I am a friend of the father. Thou art the 

bin Sltater (m.) JtiitM* (n.) grau aflaitmes unb . . . . ©totter .... 2Dtot>d)en$. 

1 am a father of a child ; . wife of the man and the mother of a girl. 

i# . . . . SWutter (/.). (Sr . . . fyier, fie . . . tort, e$ $int> . . . . 

she is a mother. He is here ; she is there ; it is a child of a 

bifi . . . . ©tonit (m.), .... ftnb . . . . gieunb (w.). 8r?imtoe$, toir . . . r SWdntuer, i^r . . . . ©totter nnb 

Thou art the man ; ' You are a friend. friend ; we are men ; you are mothers and 

. . ifl . . . itinb (n.) . . . grau (/.) unb . . . ©lamt:f* (m.). fie ... . Jtinbcr. @ie greunb .... ©totter 

It is a child of the woman and of the man they are ohildren. You are a friend of the mother 

.... fetb* ©burn unb grau. unb cr greunb .... ©labcfyensS. 

. - You are husband and wife. and he is a friend of the girl. 

Continued 

FRENCH By Louis A. Barbe. B.A. 


TEE ARTICLE. 

The Definite Article. 1. The definite 
article (article defini) has the forms le, la, l\ les, 
all meaning the. 

2. Le is used before masculine singular nouns, 
beginning with a consonant or aspirated h, as : 
le livre (the book), le crayon (the pencil), le papier 
(the paper), le heros (the hero), le haul (the 
top). 

3. La is used before feminine singular nouns 
beginning with a vowel or silent h, as : la 
plume (the pen), la table (the table), la regie 
(the ruler), la hauteur (the height). 

4. V is used before all singular nouns, whether 
masculine or feminine, beginning with a vowel 
or silent h , as : Vencrier, m. (the inkstand), 
Vhomme , m. (the man), Vencre , f. (the ink), 
Vherbe , f. (the grass). 

5. Les is used before all plural nouns. These 
forms are used in the same way before adjectives 
preceding nouns. 

6. “ Of ’* is de, whioh also means “ from ” ; 
but when joined with le— that is, before a mas- 
culine singular noun beginning with a consonant 
or aspirated k — the two words are contracted 
into au (of the) : le cahier , tho copybook ; du 
cahier, of the copybook, 

7. There is no contraction of the preposition 
de with the feminine form la, nor with the form F, 
thus : la chaise , the chair ; de la chaise , of 
the ohair ; Vhomme , de Vhomme ; Vherbe , de 
Vherbe. 

8. “ To ” is d, but when joined with le— that 
is, before a masculine singular noun beginning 
with a consonant or aspirated h — the two words 
are contracted into au: le buvard , the blotting - 
book '; au buvard, to the blotting -book. 


9. There is no Contraction with the feminine 
form la; nor. -with the form l\ thus: la gram * 
moire, the grammar ; d to grammairc , to tie 



10. De and the plural form lee always contract 
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into des ; a and the plural form les always 
contract into aux. 

11. The definite article must be repeated 
before every noun, thus : the father and mother, 
le pire et la mire. 

12. To form the plural of nouns and adjectives 
s is added to the singular : les pires , les mires, 
les enfant8. 

13. There arc only two genders in French — 
masculine and feminine. 

14. There is no possessive case. It must 
always be rendered by “ of the,” du, de la, de l\ 
or des, thus : the father’s house, la maison du 
pere ; the children’s mother, la mere des enfants. 

15. The definite article is required in French, 
though not in English, before every noun that 
is used to designate a whole class. Thus in 
les chiens sont des quadruples, dogs are quad- 
rupeds, the article is used before chiens because 
the statement made is applicable to all dogs. 
Before qiwdrupedes only a partitive article [see 
n p x .t ^ column] is used, because dogs are only a 
division of the class quadrupeds. 

The definite article iB also required before 
abstract nouns, the names of arts, sciences, etc., 
and also before the nam s of materials: la 
charite est une vertu, charity is a virtue ; Varith - 
meiique est la science des nombres, arithmetic is 
the science of numbers ; Vor est un metal, gold 
is a metal. 

The definite article is used before a Bingle 
individual designating a whole class ; le fer est 
utile & Vhomme, iron is useful to man. 

The Indefinite Article. 1. The indefi- 
nite article (article indefini) is identical in form 
with the numeral “ one,” un. The feminine is 
formed, as in the case of adjectives, by adding 
mute e to the masculine : un t _une — un horrme 
a man ; une femme, a woman.. 

2. There is no contraction .of -or d with un, 
une ; but the e of de is elided before it : d'un 
mur, of a wall ; cT une maison, of a house. 

3. The indefinite article must be repeated 
befor J each noun to which it refers : a brother 
and a sister, un frkre et une soeur. 
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4. As regards pronunciation, un has a nasal 
sound before a word beginning with a consonant 
or aspirated h. Une is never nasal. There is a 
e.TYC.fc of. o\>vt\\ot\. aft to the pronunciation of 
un beftor© a "vowvft cvr mute h. %omfe b\A& that 
the u should he pronounced with its natura\ 
sound, and the n carried on to the next word, 
thus: un ami (a friend) becomes u~nami. 
This, however, has the disadvantage of making 
no difference between masculine and feminine— 
e.g.y un aide (a helper), and une aide (a kelp), 
have exactly the same sound. For this reason, 
other authorities give u the sound of eu (approxi- 
mating the slurred sound of e in such a combina- 
tion as “ the boy ”), and pronounce un aide as 
1 -naid, thus distinguishing it from une aide — 
ti'n(e)aid. 

The Partitive Article. 1. When a 
noun is used to indicate only a part of that 
to which it is applicable, it is said to be 
taken “ parti tively.” In English this idea is 
expressed by “ some ” and “ any,” which are, 
however, very frequently omitted: He drinks 
(some) water ; we have bought (some) pens. 

In French, when a noun is taken partitively, 
it is preceded by a form of the definite article, 
to which the name “ partitive article ” is then 
given. 

2. The partitive article (article partitij) is 
du , de la, de l', des. These forms are used in the 
same way as has already been explained in the 
case of the definite article, thus : fai dn pa pier, I 
have some paper ; il a de la patience , lie has 
patience ; vous avez de Vencre , you have some 
ink ; iU out des cmyons, they have some pencils. 

3. When a noun used partitively is the 
subject of a verb, it takes the partitive article : 
Friends — i.e., some friends— have given it to me, 
des amis me I'ont donne. 

4. Although, including the preposition de, the 
partitive article may be preceded by another 
preposition : fai parle a des amis, I have spoken 
to some friends ; fecris avec de Vencre, I write 
with (some) ink. 

5. When a noun taken partitively is preceded 
by an adjective, only de is used to < xpress the 
par itive sense, thus : fai de bons crayons , I have 
some good pencils. This rule is frequently 
neglected in conversation, and it has been pro- 
posed to do away with it altogether. 

6. When a noun taken partitiv ly is the 
object of a negative verb, only de (which becomes 
d' before a vowel or mute h) is used with it : 
je n’ai pas de papier, I have no paper ; il n'a pas 
de patience, ho has no patience ; vous n'avez pas 
d'encre, you have no ink ; ils n'ont pas de crayons , 
they have no pencils. 

7. When used negatively verbs are placed 
between ne and pas ; ne becomes n' before a 
vowel or mute h : je n'ai pas, I have not. 

8. When a noun taken partitively is preceded 
by de (of), neither the partitive article nor 
another de s used: I have need of (some) 
pencils, fai besoin de crayons. 

9. When a noun taken partitively is not actu- 


ally expressed, but only understood in a sentence 
— that is o say, when “ some,” “ any ” (“ not 
any ” ~ “ none ”) occur alone in English — the 
pronoun en is used instead of the partitive arti le 
cr eft de.. \\& before \ba verb \ 1 bovfc 

Rome, feu ai ,* we bsxve xvo^ urvy, uous iCeu 
arons pas. 

10. The various wayB in which the “ parti- 
tive sense ” may be expressed are the following : 

(a) J’ai du papier, I have some paper. 

(b) J'ai de bons crayons , I have some good 
pencils. 

(c) Vous n'avez pas de livres, you have not 
any books. 

(d) Nous avons besoin de papier, d'encre, et dt 
plumes, we have need of paper, ink, and pens. 

(c) 11 en a, elle n'en a pas, he has some, she has 
none. 

11. Subject to these rules, the “partitive 
sense ” must always have something to indicate 
it before every word taken partitively. 

Present Indicative of Avoir, To Have 

*4 ffirmativdy — 

fai, I have (fly). 

tu as. thou hast (tu ah). 

il a , he (it) has (il ah). 

elle a, she (it) has. 

nous avons , we have (noo-za-vong). 

roue avez , you have (vuo-za-v~y). 

ils ont, they (m.) have (il-zong). 

dies ont , they (f.) have. 

Negatively — 

je n'ai pas, I have not. 
tu n'as pas, thou hast not. 
il n'a pas. he has not. 
elle n'a pas, she has not. 
nous n' avons pas, we have not. 
vous n'avez pas, you have not. 
ils n'ont pas , they (m.) have not. 
elle s n'ont pas, they (f . ) have not. 

* 

Present Indicative of £tre. To Be. 

A fjlr 7 natively — 

je suis , I am ( j> : sune ). 
tu cs, thou art (tu cy). 
il est, he is (il <“?/). 
elle est, she is. 

nous sommes, wc are (sftm). 
vous etes, you are (ate), 
ils sont, they (m.) are (il song\ 
elles sont, they (f.) arc. 

Negatively — 

je ne suis pas, I am not. 
tu n'es pas, thou art not. 
il n'est pas, he is not. 
elle n'est pas, she is not. 
nous ne sommes pas, we are not. 
vems n'ites pas, you are not. 
ils ne sont pas , they (m. ) are not. 
elles ne sont pas, they (f.) are not. 
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II y a. 

The third person singular of avoir, to have, 
preceded by y, and used impersonally, takes the 
meaning of “ tc be.** 

11 y a , there is (or) there are ; il riy a pas , 
there is not, there are not. 

Voilh, void. 

Voild is also to be translated by “ there is,” 
“ there are,’* but with a different meaning. It 
is made up of vois (see, behold), and Id (there), 
and is used when actually pointing to some 
object, or objects : voild des limes , there are 
some books ; voild une plume, there is a pen. 
Similarly, void means “ here is,” “ here are ” : 
void une table , here is a table ; void des chaises, 
here are some chairs. 

Exercise IV. 

1. The paper of the book. 2. The hero of the 
story. 3. The top of the house. 4. The child’s 
pencil. 5. There is the pen. 6. There is the 
ruler. 7. The ink is in tne inkstand. 8. The 
inkstand is on the table. 9. There is an ink* 
stand on the table. 10. The height of the 
house. 11. There are a book, an inkstand, a 
blotting -book, a ruler and a copy-book on the 
table. 12. From the chair to the table. 13. 
The father and mother are in the house. 14. 
Charity is a virtue. 15. Iron is a metal. 16. 
The man has a brother and a sister. 17. The 
children have grammars. 18. There is the book 
of one of the children. 19. 1 have spoken to 
the woman’s children. 20. I write to the 
brother and sister. 21. I have some pencils. 
22. She has no ink. 23. You have need of pens 
and paper. 24. He has some good books. 25. 
You have pencils and paper; we have none. 
26. You have some good pens. 27. The child’s 
father has a house. 28. Thero is the child’s 
father. 29. She has need of ink and paper. 
30. Gold and silver are useful to men. 31. 
Children have no patience. 32. Patience is a 
virtite. 

Key to Exercises I., II., III. 

I. 

femme, woman ( fam ). 
tite , head {tale), 
histoire, history (ees-twahr), 
aiguille, needle {egg-wee-?), 
faubourg, suburb {fo-boor). 
doigt, finger (dwa). 
mauvais , bad (mb-v~y). 

Dieu , God (DdM). 

Espagnol. Spaniard {Es-pan-yil). 
virile, truth (v?y-r&-tey). 
soldi , sun (sb-ley-y8). 
fimier, l ebruary {f?y-m&-ey). 
mardi , Tuesday ( mahr-d &). 
monsieur, Mr.,* Sir {m?-s<%-?). 
mattre , master (rwytr). 

Noil, Christmas (Nd*d). 


mademoiselle. Miss (ma-di-mwa-zel). 
nord , north (nor). 
beaucoup , much (bu-lcoo). 
quoi, what (kwah). 
hiver, winter (H-verr). 
damner , to damn {dah-ney). 
sculpter, to carve {skul-tey) 
prompt, prompt ( pron f). 
cuiller, spoon {kto&-yey). 
maison , house {may-zon 7 ). 
sous, under (soo). 
misire, misery {mH-zairr). 
poison, poison (pwah-zon 9 ). 
poids, weight ( pwa ). 
paix, peace (pey). 
sept, seven {set), 
kuit , eight (weet). 
neuf, nine (»*/). 
dixieme , tenth {d(%-z<%-ame). 
signe , sign {seen-ye). 
amer, bitter {ahmerr). 
prix , prize, pri e (pr&). 

Guise , Guise {Gweez). 
cri, cry (Tcr&). 
babil, chatter {babee-ye). 
ville, town {v&l). 
ceuf, egg {if), 
soeur, sister (sir), 
plonib, lead (plon 7 ). 
mais, but {may). 

chef-d'oeuvre, masterpiece (shey-dHn). 
citoyen, citizen (seet-wa-yawn q ). 
gloire, glory (glwarr). 

IT. 

A. Auto(m)ne , {h)istoir{e), san(g), (a)od(t), 
doi{gt ), septembr(e), port(e), cham{p), sud, port(ent), 
plom(b), dange{r), lac , vin(gt), mer , faubour{g ), 
pai(x), outi(l ), blan(c), pri(x), Jesu(s), nez, cer(f), 
beaucou{p), bari{l ), peril , mo{n)sieu{r ), amer, chez, 
cle{f), scul(p)te(r), ba(p)tem(e), hier, cou(p), por(c), 
cor{ps), dan(s ), da{m)ner, (h)omm(e), hack{e), serf, 
dra(p ), sou{s), mai{s ), neuf , bor{d), genti{l), gosie(r ), 
e(t), t{h)i. 

B. Lau-rier, cha-lou-pe, sour-dl, plai-sir, 
mar-di , ve-ri-te, a-pres, four-chct-te, a-gneau , 
poi-gnard, ge-ne-ra-le-ment, a-mi, e-cri-tu-re , 
par-ler , mer-lan, mon-trer, troulder, den-ree, vir- 
gu-le, con-sen-tir, en-la-cer, beau-coup, de voir , 
de-jd. 

III. 

a - aigu ; g- grave ; c — circonflex. 

A. Mime, c; berg ire, g ; ble, a; mUr, c; des, 
a ; mere, g ; deja, a, g ; parait, c ; cole, c, a ; pres, 
g ; pres, a ; tite, c ; ete, a, a : fache, c, a ; f mitre, 
c ; levre, g ; itre, c; a, g ; oil, g ; dd, c ; general , 
a, a; mattre, c; succis, g; timerite, a, a, a; 
tie, c. 

B. Jen'ai d' autre ambition; e'estmoi; V oreille ; 
Vhomme ; Voiseau ; il faut qu'il parte ; la crainte 
gu'elle m'a causie ; hrsgu'un enfant n'obeit pas ; 
s’il t dent; le heros; Y heroine ; presque en mime 
temps; qudque autre; le onze juillet; jusqu'd 
Londres . 

Continued 
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LATIN Con »?° m By Gerald K. Hibbert, M.A. 


Section I. GRAMMAR. 

Peculiarities and Irregularities of 
the Noun* 1. Many nouns have no plural— 
e.g ., proper names and abstract nouns, and 
words like argentum {silver), aurum (gold), 
ferrum (iron), aer (air), ssthcr (sky), etc. 

2. Many nouns have no singular : Certain 
names of towns, a3 Thebae (Thebes), Athena* 
(Athens) ; parts of the body ; names of feasts 
or days, as ferke (holiday), nundina* (market- 
day) ; and words like divitia? (riches), liberi 
(children), manes (ghosts), penates (household 
gods), moenia (town walls), tenebrae (darkness), 
etc. 


3. Some nouns change their meaning in the 


plural : 

Singular, 
castrum, a fort 
antes , a temple 
aqua, water 
auxilium, assistance 
copia, plenty 
impedi men turn, a 
hindrance 

litcra, a letter (of the 
alphabet) 
opem (aee.), help 
opera, 'work 
rostrum, a beak 

ludus, play 
career, prison 

etc. 


Plural. 
eadra, a camp 
a'des, a house 
aqua 1 , a watering-place 
auxilia/it&rtftein/ troops 
eopire, supplies, troops 
imj>edimenta, baggage 

literic, an epistle 

opes, resources 
opera*, workmen 
rostra, the pulpit at 
Rome 

ludi, public games 
carceres, the barriers 
(in horse races) 
etc. 


4. Many nouns are defective in case : 

The following have no nominative : dappm 
(feast), frugem (fruit), opem (help), preccm 
(prayer), vieem (change). 

Vis (strength), is thus declined : 


N.V. 

Singular. 

vis 

Plural. 

vires 

Acc. 

vim 

vires 

Gen. 

(none) 

virium 

Dai. 

(none) 

viribus 

Abl. 

vi 

viri bus 


Other defective nouns are forte (by chance 
[abb] ), sponte (by one’s own choice [abb] ), fas 
(right) , nefas (wrong), nihil (nothing), opus (need), 
instar (likeness), necesse (necessity), mane (morn- 
ing). These are practically indeclinable. 

The following list of nouns with their genitive 
singular and nominative plural will be useful. 
If these two cases of a noun are known, the 
whole noun can be declined : for if the no nina* 
tivc plural ends in a , the noun is neuter, and 
therefore the accusative will be the same as the 


nominative, both singular and 

plural. 

Nom. singular 

Gen. singular 

Nom. plural. 

pecus, /. 

head of cattle 

pecudis 

pecudes 

pecus, n. 
cattle 

pecoris 

pecora 

grus, /. 
crane 

gruis 

grue3 


3 c 


Nom. singular Gen. singular 
inus, com. muris 

mouse 

incus, /. iticudis 

anvil 

valgus, ft. vulgi 

common people 


virus, n. 

prison 
tellus, /. 
earth 

supeilex. /. 

furniture 
vas, m. 

bail 
vas, 7i. 

vessel 
j>eeten, m, 
comb 

eucumis, m. 

cucumber 
pulvis, m. 
dust 

cuspis, f. 

shield 
glis. ru. 

dormouse 

lis, /. 

lawsuit 
obex, com. 
bolt 

mas, m. 

mole 
seges, f. 
crop 

merges, /. 

sheaf 

mcrccs, /. 

reward 
bores, com . 
heir 

compos, /. 

fetter 
caro, 1. 
flesh 

margo, com. 

border 
cupido, /. 

desire 
pugio, m. 

dagger 
ncx, /. 

death 

nix, /. 

8 now 
senex, m. 

old man 
bo3, com. 
ox 

Jupiter, m. 

Jupiter 
iter, n, 
journey 
jecur, n. 
liver 


viri 

telhms 

Kiipelleotilis 

vadis 

vayis 

peetinis 

cue inner is 

pulveris 

cupidis 

gliris 

litis 

obicis 

mar is 

sogetis 

mergitis 

morcedis 

bored is 

comped is 

earn is 

marginis 

cupid inis 

pugionis 

necis 

nivis 

senis 

bovis 

Jovis 

itineris 

jecinoris 
\or jecoris) 


Norn, plural 
mu res 

incudes 

vulga 

vira 

tel lu res 

su pellec. tiles 

V lid 33 

vasa 

pectines 

cuoumeres 

pul veres 

cuspides 

glires 

lites 

obi ces 

mares 

Hegetes 

mergites 

m°rcedes 

horedos 

compedes 

car nos 

mirgine3 

cupidines 

pugiones 

ncces 

nives 

senes 

boves 

itinera 

jeoinora 
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Nom. singular. Gen. singular. Nom. plural. always — without a preposition — e.g., Jove natus, 

gigas, m. gigantis gigante3 l ,or u of Jupiter. 

giant 4. Ablative op Instrument and Cause— 

jus, n. juris jura eg., Boni odsrunt poccare virtutis amore — th® 

right good hate to sin. from love of virtue (cause) ; 

falx, /. falcis falces gladio interfeetus est = he was slain with the 

scythe sword (instrument), 

vates, com. vatis vates 5 Ablative of the Agent. When the 

Wophet ‘ instrument * w a person, not a thing, the 

Note. Bos has genitive plural bourn ; dative preposition a or ah is necessary — e.g., Caesar a 

and ablative plural bobus or bubus. Bruto pugione interfeetus est = Capsar was slain 

Respublica (commonwealth) and jusjurandum by Brutus with (t.e., by means of) a dagger. (But 

(oath), decline both halves : accusative rem • when “ with ” « “ together with," the preposition 

publicam , t genitive reipublicce, ablative republica cum ” must be used — e.g., cum fratre men veni = 
(res is fifth declension like dies). So, accusative I came with my brother.) 
jusjurandum , genitive jurisjurandi , etc 0. Ablative of Manner. This, being purely 

| The genitive and genders of other nouns can adverbial, is one of the commonest uses of the 

be looked up in the dictionary.] ablative — t.g., Injuria fit duobus modis , aut vi aut 

The following rhyme may be useful as an aid fraude — wrong is done in two manners , either 

to remembering the exceptions to the rule that by f orce or by f ra ud. Similarly, hoc miio - in 

parisyllables form their genitive plural in -turn, this manner ; casu = by chance ; wnsilio = by 

and imparisyllahles in -um : design, on purpose ; jure = rightly, by right ; etc. 


“In -turn terminate! glis, lis, 

Mas, mus, and nix, falx, faux, and vis : 
But -irn ends juvenis and frater, 
Ambages, vates, sencx, pater, 

With cam's, volucrn, and mater.” 

Suction TL SYNTAX. 

ABlatfre : Further Uses. The ablative 
is, more than any other, an adverbial case ,* 
it is the case of circumstances which attend 
action , and limit it adverbially. It answers 
the questions ; Whence ? Hew ? From what 
cause? When? Where? 

1. Ablative of Time. This answers the 
questions When? Within what time? How long 
before or after ? (Contrast this with the accu- 
sative of time, denoting duration — e.g., docem 
annis post urbem conditam obiit =-- he died 
10 years after the founding of the city ; but, 
decern annos vixit = he lived for 10 years.) 

2. Ablative of Place. This is used with- 
out a preposition, when the question is “By 
what road ? ” or (of a town or small island) 

“ Whence ? ” — e.g., Ibam forte Via Sacra — I 
was going by chance on the Sacred Road ; 
Corintho fugit = he fled from Corinth ; (So 
domo = from home ; rare — from the country). 

Under this heading we may treat the locative 
case, practically obsolete in classical Latin, and 
largely replaced by the ablative. The locative 
answered the question Where f and ended in •*’ 
— e.g., domi, at home ; ruri , in the country ; 
humi , on the ground ; belli, at the wars. Tne 
ablative is always used for the locative in names 
of towns and small islands of the 3rd declension, 
and in plural names of towns of the 1st and 2nd 
declension — e.g., Athenis, at Athens ; Neapoli, at 
Naples. But if the town or small island is a 
singular noun of 1st or 2nd declension, the 
genitive is used — e.g., Romos, at Borne (old 
locative was Romai ) ; Corinthi, at Corinth. 

3. The Ablative of Origin is used after 
verbs and participles — mostly — though not 
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7. Ablative of Quality and Accompani- 
ment. 

(a) Quality — e.g., Senex trimio ingenio — an 
old man of wonderful ability. (The noun in 
the ablative must have an adjective with 
it : wo could not say “ sever ingenio ) 

( b ) Accompaniment — e.g., hoc feci summa 
diligentia = 1 have done this with the utmost 
care. (If we omitted the adjective, we 
should have to insert “ cum ” — e.g., hoc feci 
cum diligentia.) 

8. Ablative of Price. Used with verbs of 
buying and selling, usually when some definite 
figure is given. (Otherwise, and especially after 
verbs of valuing and esteeming, the genitive is 
used.) Anulum viginti nummis vendidit — he 
sold the ring for twenty numrni. 

9. Ablative of Measure— e.g., Sol mult is 
partibus major est quam luna = the sun is many 
times larger (lit. by many parts) than the moon ; 
quo citius, eo meiius = the sooner, the better 
(lit. by what the sooner, by that the better). 

10. Ablative of Comparison— e.g., Puto 
mortem dedecore leviorem = I think death easier 
than disgrace. 

11. The ablative is used after the following : 

(a) Verbs : Abounding, filling, etc., and their 
opposites, depriving of, being without. Also 
the deponent verbs fruor, fungor, utor, vescor, 
potior, dignor. (It is really quite regular to 
have the ablative after these verbs ; utor , 
for example, means “ I serve myself with,” 
and so comes to mean “ I use.” ) 

(b) Adjectives : dignus (worthy), indignus 
(unworthy), fretus (relying on), contentus 
(content with), proeditus (endowed with) — 
e.g., laude dignissimus = most worthy of 
praise. 

(c) Nouns : opus (need), and usus (use) — e.g., 
opus est mihi argento -- 1 have need of 
silver. 
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Passage to be Turned into Lai in. 

“ Com© unto Me all ye who are weary and 
heavy laden, and I will cause that ye may rest. 
Take up My yoke upon you and learn from Me, 
because I am meek and lowly in heart ; and ve 
shall find rest unto your souls. For my yoke 
is easy, and My burden is light.” 

Translation op Above. 

(From Beza’s version of the New Testament.) 

Venite ad me omnes qui fatigati estis et 
onerati, et ego faciam ut requiescatis. Attolite 
jugum meum in vos, et disci te a me, quod 
mitis sim et humilis corde ; et invenietis re- 
quiem animabus (1) vestris. Jugum cnirn (2) 
meum facile est, et onus meum leve est. 

Notes. (1). Animabus is the dative plural 
of anima , to distinguish it from animis , the 
dative plural of animus (cp. filial) us and filiis). 

(2). Enim ., like autem , can never be the first 
word of a sentence. 

Section 111. TRANSLATION. 

The following passage is from Vergil's 
“ ^neid.” Vergil was a Latin poet, who lived 
at the beginning of the Christian era, under the. 
Emperor Augustus. His most famous work is 
the “ jEncid,” a history of the Fall of Troy and 
the adventures of d£neas thereafter. There are 
twelve books, and this passage is from Book II., 
lines 234-249. It describes the stratagem of 
the Wooden Horse (containing armed men), by 
which the Greeks brought about Troy’s fall. 
The Trojans dragged the horse into their city 
as a prize of war, and in the night the Greeks 
hidden inside the horse emerged and opened 
tin gates to their comrades outside. 

(The beginner should read a book of Cflpsar 
and a book of Vergil as early as possible. Welch 
and Duffield’s “ Helvetian War ” is strongly 
recommended]. 

, Eneas is relating the events of the fatal night. 

[And is often translated by - que joined to the 
end of a word.] 

Dividimus muros, et moenia pandimus urbis. 
Accingunt omnes operi, pedibusque rotarum (a) 
Subjiciunt lapsus (a), et stuppea vincula collo 
Tntendunt. Scandit fatalis machina muros 
Feta armis. Pueri circum innupta&que puellae 


Sacra canunt, funemque manu contingere 
gaudent. 

Ilia (6) B libit, mediaeque minans inlabitur M 
urbi. 

0 patria, 0 divom (d) domus Ilium, et incluta 

bello 

Mcenia Dardanidum ! quater ipso in limine portee 
Subs ti tit (e), atque utero sonitum quater arma 
dedere (/) : 

1 ns tarn us, tamen, immemores ca?cique furore, 

Et monstrum infelix sacrata sistimus arce. 

Nos delubra deum (g) miseri, quibus ultimus 

esset 

111© dies, festa velamus fronde per urbem. 

Notes, (a). Lapsus rotarum -gliding wheels, 
or rollers (literally, glidings of wheels ; lapsus 
is acc. pi., 4th deck, and is direct object to 
subjiciunt ; pedibus is indirect object, and 
therefore dative). 

(/>). Ilia - it, t>., machina: nom. fem. sing. 

(c). Inlabitur , though passive in form, is 
active in meaning: a deponent verb. 

{d). IHvom divorum dcorum. 

(r). Perfect of subsisto. 

(/). = dederunt. 

(g). Devm is often used for dcorum, gen. pi. 

Key to Above Passage. 

Wc sunder the walls, and lay open the forti- 
fications of the cityt All gird themselves for 
the work, and put rolling wheels under its 
the wooden horse’s) feet, and fasten hempen 
bands on its neck. The fated engine climbs 
the vralls, big with arms. Around it boys and 
unwedded girls sing hymns, and rejoice to 
touch the rope w ith their hand (i.c., to help to 
pull the horse into the city). It approaches, 
and glides threatening into the midst of the 
city. 0 native land ! O Ilium (Troy), home 
of the gods, and fortresses of the Dardanidrc 
(Trojans) renowned in war ! Four times in the 
very gateway did it halt, and four times the 
arms rattled (literally, gave a sound) in its 
womb. Yet we press on, unmindful and blind 
with frenzy, and plant the ill-omened monster 
in our sacred citadel. We deck the shrines of 
the gods throughout the city with festal foliage, 
wTetched people, to whom that day was our 
last. 


If f TOUT Continued from 
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The Indicative Mood. There is no 
difficulty about this mood. It is used whenever 
we make a statement or ask a question about 
something which w© regard as a matter of fact, 
apart altogether from our conception of it — 
eg., “ London is burning,” “ How fares it with 
the happy dead ? ” 

The Indicative may even be used to express 
oondition, provided that the oonditioh or sup- 
position relates to some matter of fact rather 
than to some “matter of conception” (to use a 


By Gerald K. Hibbert, M.A. 

phrase of Mason's) — e.g., “If he betrays me, he 
shall smart for it.” This will be more fully 
explained later on. 

The Imperative Mood expresses a command, 
and is therefore strictly used only in the seeond 
person: “Charge, Chester, charge!” “ Pray 
without ceasing.” When we wish to express a 
command or exhortation in connection with the 
first or third person t we use either the impera- 
tive (second pers. smg.)of let, followed by the 
infinitive (as, “ Let us not be weary in well- 
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doing/’ “Let there be light”), or the sub- 
junctive mood of the verb in question (as, 
“ Blessed be God ”). The future imperative is 
not often used now; it was common In prohibi- 
tions (cf. the Ten Commandments: “Thou 8haU 
not . . 

The Subjunctive Mood was so called be- 
cause it was most often used in subordinate 
(“subjoined”) sentences. It is impossible for 
the Subjunotive to be used in a simple direct 
statement or question. It is used chiefly in 
(1) Conditional clauses, introduced by if (though 
not always, as we have seen under “Indica- 
tive”); (2) Purpose clauses, introduced by “in 
order that ” or “ lest,” as “ Kiss the Son, lest 
he be angry ” ; (3) Wishes, as “ 0 that he were 
here ! ” 

Although the Subjunctive is usually found 
following conjunctions like “ if,” “ unless,” “ pro- 
vided that,” etc., the conjunction is not a part 
of the mood, nor is the Subjunctive always 
necessary after it. It depends on whether the 
speaker is emphasising the fact, or his concep- 
tion of the fact. 

The Subjunctive Mood is Incoming more and 
more rarely used in English. It is being re- 
placed (1) by the Indicative (instead of “ If ho 
were here, all would be well,” it is becoming 
increasingly common to say, “If he urn here,” 
etc.); (2) by the UHe of some auxiliary verb, as 
may* mighty should. Wo should now say as a 
rule, “ Kiss the Son, lest he should be angry.” 
But in so doing we lose the delicate shade of 
moaning that distinguishes the one mood from 
the other, and we thereby rob the language of 
one of its priceless charms. 

The Infinitive Mood. The Infinitive is a 
verbal noun. It is a noun liccauso it can stand 
as tho subject or the object of a verb, as “ To 
be is nobler than to have ” (subject), “Learn 
to do well” (object). It is a verb because it 
can govern an object, as “ ’Tis best to keep the 
nerves at strain 

Although the Infinitive is generally used with 
the preposition to before it, the to is not a part 
of the Infinitive. Many verbs are followed by 
the Infinitive without to ; these include the 
auxiliaries do, shall, will , the verbs bid, 
dare, make, let , can , may, must, need , and some 
verbs denoting the operation of the senses, as 
hear , see, feel. 

In old English the Infinitive ended in -an or -pm 
( as, sawan ~ to sow), and had not the preposition 
to before it. Tbe to was only prefixed when the 
infinitive was used to denote purpose, as “ 1 
come to bury Otcsar, not to praise him.” 
He:o to has its proper force, and = “in older 
to.” This strictly proper use l>ecnmc gradually 
more and more extended, until tho to came 
in lie regarded as an indispensable part of the 
Infinitive. 

The Infinitive is sometimes used in excla- 
mations, as “ To think that I could havejiieen so 
foolish ! ” 

Caution. (1) Beware of using what is called 
the Split Infinitive ; in other w’ords, do not insert 
any word or words bet ween the tooi an infinitive 
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mood and its verb. It is far better to say “ I 
must ask you kindly to excuse me ” than “ I must 
ask you to kindly .excuse me.” 

( 2 ) The Past Infinitive (e.g., to have seen) needs 
careful handling when used after another verb 
in the past tense. Many people will say “ I 
should have liked to have seen you,” which is 
incorrect ; it should be “ I should have liked to 
see you.” 

Gerunds and Participles. The gerund 
(Latin gerere = to carry on) is a verbal noun 
like the Infinitive, and is similar in meaning to 
the Infinitive. The participle is a verbal adjec- 
tive (Latin, participate — to partake, because it 
“partakes” of the nature both of verb and 
adjective). As these are not “finite” moods, 
they are generally classed among the “ infinite ” 
moods. 

The gerund, being a verbal noun, can be 
used in most of the constructions of a noun. 
It is formed from the verb by adding -ing. 
Gerunds are often confused with abstract nouns 
ending in -ing (Anglo-Saxon - ung ), though they 
are really quite distinct. Thus, it is correct to 
say cither “ By dredging tho river ” (gerund), or 
“ By the dredging of the river ” (noun), but it is 
incorrect to say “ By the dredging the river,” or 
“ By drodging of the river.” Tho rule is quite 
simple: “When the precedes, of muBt follow’; 
but if the is omitted, of must also be omitted.” 
We thus see that a gerund, when formed from 
a transitive verb, can govern an object just like 
any other part of the verb. The gerund, like 
the Infinitive, can le either the subject or the 
object of a verb — as, “ Walking is capital 
exercise” (subjoct), “I like walking ” (object). 
Although the gerund lias the same meaning as 
the Infinitive, it cannot always be used instead 
of it ; for instance, after prepositions the 
gerund is almost always used, as “ Of making 
many books t lie re is no end.” The gerund can, 
of course, lie used in tho passive voice as well 
as in the active — as, “ The joy of being loved.” 

Tn such expressions as “ I go a- fishing .” 
“ The ark was a-preparing “The house is 
a building “ There came three ships assailing 
(where the' a- represents on) we must treat the 
form in -ing not as the gerund, but as a modem 
form of the old abstract noun ending in -ung. 

Many compound nouns are forme! from 
gerunds, as “ skipping - i ope ” (a rope for 
skipping). Contrast such a compound noun 
with others like "■ humming 7- bird,” w r hich does 
not mean “ a bird for humming,” but “ a bird 
which hums.” “ Skipping-rope ” could not be 
rendered ‘‘a rope which skips.” This shows the 
difference between a gerund (skipping) and a 
pirtieiple (humming), and we are thus brought 
on to — 

Participles, or verbal adjectives. These, 
being adjectives, cannot be used as the subject 
or object of a verb, or after a preposition ; and, 
like all adjectives, they refer to some noun about 
which they specify something. 

There are two participles formed by in- 
flexion, tbe Present or Imperfect Participle , and 
the Past Participle . 
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1. Tlie imperfect participle is always active 
and always ends in -ing (like the gerund, with 
which it is often confused ). Examples : 

“ Him walking on a sunny hill he fouhd.” 

— Paradise Regained. 

[Here walking is a verbal adjective agreeing 
with Him.] 

“Thinking he hod come, I opened the door.” 

[Thinking is a verbal adjective agreeing with I . ] 

“ But, as I rose out of the laving stream, 
Heaven opened her eternal doors . . . 

[Laving is a verbal adjective qualifying 
stream.] 

To distinguish a gerund from an imperfect 
participle, ask the question “Does the word 
m question play the part of a noun or an 
adjective ? ” If the former, it is a gerund ; if 
the latter, a pirticiple. Contrast “By talking 
my throat gets tired ” (gerund) with “ Talking 
loudly, they left the room ” (Participle, agree- 
ing with they). 

It is a very common mistake to use the par- 
ticiple where a gerund should l>e used. To say 
“ 1 heard of you winning the prize ” is wrong ; 
it should be your , because winning is the gerund 
(i.e., a noun), and it is as wrong to use you in 
this case as to say “ Lend me you watch.” You 
could only boused if winning were a participle — 
“ You, winning the prize, arc a happy man.” 
In the cast* of personal and relative pronouns, 
the gerund and the possessive (my, thy , his , etc.) 
should be used, not the participle and the ob- 
jective — as, “ 1 am sorry for his (not him) lapsing 
into bad ways,” “They told me of his (not 
him) running a way.” In all other cases there 
seems to l>e a diversity of opinion among the 
authorities. Some will say “ I had no knowledge 
of my cousin being there ” (participle) ; others, “ I 
had no knowledge of my cousin's lading there” 
(gerund). The latter is preferable. 

We thus see that there arc three totally 
different classes of words in -ing. (1) The 
abstract noun, as, “ The courting of danger is 
foolish.” (2) The gerund, as, “ He perished in 
courting danger.” (3) The participle, as, “The 
foolish fellow, courting danger, met his death.” 

2. The past participle ends in - d , - ed , - 1 , or 
-en. It is always passive, provided that the 
verb from which it is formed is transitive, as 
“ Refreshed by our night’s rest, we resumed our 
journey next morning.” 

[Of course, the past participle can be com- 
pounded w*ith the verb “to have” to form an 
active verb, as “I have refreshed myself.”] 

The Anglo-Saxon past participle was formed 
by prefixing ge- to the verb; traces of this re- 
ma n in the words ydrad (dreaded ), yclept (called), 
ydad (clothed), yslakcd (slaked). Cf. the Ger- 
m>n method of lorming the past participle, as 
gef unden, from finden. 

Participles often come to be used as mere adjec- 
tives — e.g. t “ a frowning hill,” “ a broken leed.” 

In addition to these two participles proper, 
the following compound participles are used in 
English : 


a. The past participle compounded with 
“having,” to form a perfect pirticiple ac'.ive, 
as, “ Having spoken these words he died.” 

b. The pist participle compounded with 
“being,” to form an imperfect participle p\s- 
eive, as, “ Being warned .” Also the same com- 
pounded with “having been,” to form a putfoet 
participle pxssive, as, “ Having been warned ” 

c. A loose kind of future participle, es, 
“About to die , we salute you,” “ About to be 
killed ” 

EXERCISES. 

Correct the Following Sentences: 

1. I had wanted to have seen him. 

2. Trusting you are well, believe me yours 
truly. 

3. In the reading the Psalms the clerk made 
many mistakes. 

4. If ho was to go, he would regret it. 

5. Had he have gone he would nave regretted 
it. 

In the following sentence classify tho worc’s 
ending in - ing into nouns, gtrunds, and 
participles : 

“ A loving father, lying dying, on seeing his 
children ciying, said, ‘Dying is easy; it is 
livmg that is trying. P oparo for dying by 
living noble lives/” 

Key to Sentences on Page 008. 

a. “ It is I ” (wdio am there). 

b. “ Themselves ” should ho “ himsdf.” 

c Insert “ who ” be'ore “ is.” 

d “ Whom ” (objective after “ moan ”). 

o. “ Their ” should be “ his.” 

Tense. So far we have considered Voice 
and Mood of verbs : we now come to Tense, 
Number and Person. Tho different forms 
assumed by a verb to indicate Time arc called 
Tenses (Latin tempus— time). 

There are three natural divisions of time — 
Past, Present, and Future ; and corresponding 
to these arc three main tenses in Grammar. 
But an action in each of these three tenses 
can be looked at from three distinct points of 
view — as Incomplete, as Complete, and as In- 
definite. We thus get nine Primary Tenses, 
as follows : 

Incomplete. Complete. Indefinite. 


(1) (a) (:*) 

Past Act. I was loving I had loved l loved 
„ Pass. I was being I had been I was 

loved loved loved 

(4) (5) (fi) 

Pres. Act. I am loving I Ji a v e I love 
loved 

,. Pass. I am being 1 have been I am 

loved loved loved 

(7) (8) (9) 

Fut. Act. I shall be I shall have I shall 
loving loved love 

„ Pass. I shall be I shall have I shall be 
being loved been loved loved. 


In addition to these nine Primary Tenses 
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there are three Secondary ones, called Perfect 
Continuous (in the Active voice only) : 

1. I have been loving. 

2. I had been loving. 

3. I shall have been loving. 

Notice that nearly all the tenses are formed 
by using auxiliary verbs, be, have , etc. Such 
tenses are called Compound tenses, as opposed 
to Simple tenses, which contain only a single 
word (i love, I loved). An alternative form of 
the past and present indefinite tenses is often 
used, “ I did love,” “I do love.” Sometimes 
the do and the did are used for emphasis, as 
”1 did think you would have come earlier.” 
But often there is no emphasis attached to 
them, as, “ The young lions do lack and suffer 
hunger.” Similarly, in the well-known passage 
from Samuel, “ They set bread before him and 
he did eat,” there is no emphasis intended, 
though the temptation to lay stress on the did is 
almost irresistible. Do and did, however, are 
commonly used in questions and in negative 
sentences, as “ Do men say ? ” rather than “ Say 
men ? ” “I do not like you ” rather than “ I 
like you not.” 

Use of the Tenses. Past. The simple 
past tense (past indefinite) is used in three 
ways : 

1. It points out, without any qualification, 
that something occurred in the past, as : 
“ William of Normandy conquered England in 
1066 .” 

2. It is used with the meaning of an imperfect 
or incomplete tense : “ And as they sat and did 
eat. He said, etc.” ( -s were sitting and eating). 

3. It expresses what used to happen frequently 

or customarily : “ In those days men travelled 

well-armed ” ( = used to travel). 

Present. .The simple present tense (present 
indefinite) is used in tho following senses : 

1. It states what is actually taking place, as 
“ Swift to its close ebbs out life's little day ” 
— t.e., “ is ebbing at this moment.” 

2. It denotes what regularly takes place, as : 

“ Each morning sees some task begin, Each 
evening sees its close.” 

3. It- often stands for the future, especially 
after when , as soon as, etc., as : “ We go home to- 
morrow,” “ As soon as I hear, I will let you 
know,” “ When the Son of Man cometh, shall 
He find faith on the earth ? ” 

4. It is sometimes used for the sake of 
vividness in describing past events, the speaker 
adopting the present tense in order to be more 
graphic, as: 

“ The English shafts in volleys hail'd. 

In headlong charge their horse assail'd : 

Front, flank, and roar, the squadrons sweep 
To break the Scottish circle deep. 

That fought around their King.” 

(“Marmion.”) 

FtrnTRE. This tense is not simple, but com- 
pound, the two auxiliary verbs shall and will 
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being used for its formation. There is a difference 
in the use of these two auxiliaries. 

Shall originally denoted obligation or authority 
(from Anglo-Saxon sculan , to owe), a sense 
which it retains in the second and third persons 
of the future, as : “In the sweat of thy face 
shaU thou eat bread,” “ Thou shall not kill,” 
“ There shall be no night there.” But in the 
first person, shall is used for the simple future, 
as : “ I shall be home by five o’clook.” 

Will. When will is used in the first person, 
it implies (like shall used with the Becond and 
third), that the action spoken of is dependent 
on the will of the speaker, as : “ Though I should 
die with Thee, yet will I not deny Thee.” But 
in the second and third persons, will usually, 
denotes simple futurity, as: “ Christmas will 
soon be here.” Sometimes, however, it denotes 
habit or custom, as : “ When the cat’s away, the 
mice will play.” 

We thus see why it is that in the ordinary 
future tense, in affirmative principal sentences, 
shall is used for the first person, will for the 
second and third, as : “I shall be, Thou wilt 
be, He mil be.” But in dependent clauses 
shall is used for all three persons, as : “ When 
the Son of Man shall come in His glory,” etc. 

Precision of Tenses in English. 

Tho use of auxiliary verbs like do, have, be, 
shall , etc., makes it possible to mark tense in 
English with the greatest possible exactness 
and precision. In languages that are more 
inflected and less analytic, this is not possible. 
In Latin, for example, the one word scribo 
stands for (1)1 write, (2) I am writing, (3) I do 
write. Similarly, scripsi stands for (1) I wrote, 
(2) I have written ; and so on. 

Sequence of Tenses. If the verb in 
the principal clause of a sentence is present, 
future, or perfect, the verb in the dependent 
clause will be present or future ; and if tho 
verb in the principal clause is past, the verb in 
the dependent clause will be past. Examples : 

“ We eat 'j 

“ We shall eat L in order that we may live.” 
“We have eaten J 

“ Wc ate in order that we might live.” 

Number. Verbs, like nouns, have twe 
numbers, singular and plural. The plural is 
without inflexion in all verbs except “ to be.” 

Person. Verbs are inflected for Person ; 
there are three persons, First, Second, and 
Third (the person speaking, the person ad- 
dressed, the person spoken of). 

Conjugation of Verbs. 

Verb “ To be.” 

Infinitive Mood. 

Present. Past . 

(To) be (To) have been 

(To) be being (To) have been being 

Participles. 

Incomplete Perfect. Compound Perf. 

being been having been 
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Indicative Mood. 

Past. Present. Future. 

Indefinite . 

I was I am I shall be 

Incomplete ( or Continuous). 

I was being I am being I Bhall be being 

Complete (or Perfect). 

I had been I have been I shall have 

been 

Perfect Continuous. 

I had been I have been I shall have 

being being been being 

Subjunctive Mood (no future tenses). 
Past. Present. 

Indefinite. 

I were, or might be I be, or may be 
Incomplete. 

I were being, or I be being, or may 
might be being be being 

Complete. 

I had been, or might I have been, or may 
have been have been 

Perfect Continuous. 

I had been being, or I have been being, or 
might have been may have been being 
being 

A third form of the Past tense is formed with 
should instead of might — thus, I should be; I 
should be being ; I should have been ; I should 
have been being. 

Imperative Mood. 

Sing'ular. Plural. 

Bo (thou) Be (ye) 

The above is the full conjugation of the verb 
to be, but, of course, there are some of these 
forms which are seldom, if ever, used — e.g ., “ I 
had been being,” “ I should have been l>eing.” 
We use instead the participle of some such 
verb as become , grow, get , as : ‘‘I had been 
growing tired.” 

The four simple tenses are now given in full : 
Indicative Mood. 

Present Indefinite. Past Indefinite. 

(I) am (We) are (I) was (We) were 
(Thou) art (You) are (Thou) wast (You) were 
or wert 

(He) is (They) are (He) was (They) were 
Subjunctive Mood. 

Present Indefinite. Past Indefinite. 

(1) be (We) be (I) were (We) were 
(Thou) be (You) be (Thou) wert (You) were 
(He) be (They) be (He) were (They) were 

In the compound tenses there is no inflexion, 
exoept of the auxiliary verbs “ have, shall,” 
etc., which will be given later. 

The conjugation of the verb to be is made up 
from three different roots: (1) as, Latin es, 
which gives am (as-m), art (as-t), and are (as-e) ; 

(2) be ; (3) toes, which gives was and were. 

All the tenses of be can be used as auxiliaries 


to form the compound tenses of other verbs 
(“ I shall have been writing ”), but the Incom- 
plete and Perfect Continuous tenses are used 
only for the Passive Voice (“ I was being 
robbed ”). 

Verb 44 To Have.” 


Infinitive Mood. 

Present. Past. 

(To) have (To) have had 

(To) be having (To) have been having 

Participles. 

Incomplete. Perfect . Compound Perf . 

having had having had 

Indicative Mood. 

Past. Present. Future. 

Indefinite. 

I had I have I shall have 

Incomplete. 

was having I am having I shall be having 
Complete. 

1 had had I have had I Bhall have had 


Perfect Continuous. 

I had been I have been I shall have been 
having having having 


Subjunctive Mood. 

Past. Present. 


Indefinite. 

I had I have 

I might have l may have 

I should have 

Incomplete. 

T were having I be having 

[ might be having I may be having 

I should be having 

Complete. 

1 had had I have had 

I might have had I may have hod 

L should have had 


Perfect Continuous. 


r had been having 
T might (or should) 
have been having 


I have been having 
I may have been 
having 


Imperative Mood. 

Singular Plural. 

Have (thou) Have (ye) 

The four simple tenses in full : 


Indicative Mood. 


Present Indefinite. 

(1) have (We) have 

(Thou) hast (You) have 

(He) hath, or has (They) have 


Past Indefinite. 

(I) had (We) had 

(Thou) hadst (You) had 

(He) bal (They) had 
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Kcbjinctive Mood. 

Present Indefinite. 

(l)havc (We) have 

(Thou) have (You) havo 

(He) have (They) have 

Past Indefinite. 

(Same as Indicative.) 

Had is shortened from hared . hast from 
barest. hath from haveth. Hath is now very 
rarely used. 

Only the Indefinite tenses of hare can l>e used 
as auxiliaries to form compound tenses of other 
verbs. 

Analysis of Sentences 

We ean now turn aside for a moment from our 
study of words as independent units (the 
study of Accidence), and can deal with them 
in their relationship to other words grouped 
with them to form a sentence. The unit of 
speech is the sentence, and it is quite as 
important to be able to break a sentence up 
into its component parts as it is to be able to 
compare an adjective or conjugate a verb. We 
cannot properly parse a word— ».e. f say to what 
part of speech it belongs — until we see it in a 
sentence ; and before we can parse it then as 


it should lx* parsed, we must make a mental 
analysis of the sentence. Analysis, therefore, 
logically comes before parsing. 

Analysis of a Simple Sentence— 

i.e a sentence that has only one Subject and 
one Predicate. In every sentence there must 
be a subject and a predicate ; this is the irre- 
ducible minimum, as “ Fire bums.” In addi- 
tion, there may l>e a word or words limiting or 
qualifying either the subject or the predicate, or 
both, a<: "This fire burns well'' Finally, 
if the predicate is a transitive verb it will take 
an object, and this object, too, may have a word 
or words limiting it, as : “ Fire burns your 

finger ” ( finger being object, and your limitation 
of object). 

As a rule, a simple sentence does not consist 
of more than these six parts : 

1. Subject. 

2. Limitation of Subject. 

3. Predicate. 

4. Limitation of Predicate. 

5. Object. 

6. Limitation of Object. 

For example : “ The freshening breeze of 

eve unfurled that banner’s massy fold ” consists 
of the following five parts : 


Subject. Limitation of Subject. Predicate. Object. Limitation of Object. 

breeze 1 . The freshening unfurled fold that banner’s massy 

2. of evo 

Again : “ Here rests his head upon the lap of earth A youth, to fortune and to fame unknown.” 

Subject. Limitation of Subject. Predicate. Limitation of Pred. Object. Limitation of Object. 
youth 1. A rests 1. Here head his 

2. to fortune and to 2. upon the lap of 

fame unknown. earth 


Sometimes the predicate* consists of a verb well’s enemies have often called him a 
and a complement, especially after verbs of bloodthirsty monster.” This is analysed as 
making, calling , etc. For example : “ From- follows : 


Predicate. 


Subject 

enemies 


Limitation of 
Subject. 
Cromwell’s 


Incomplete Comple- 

Predicatc. ment. 

have called monster 


Limitation of 
Complement. 
a bloodthirsty 


Limitation of Object. 
Predicate. 
often him. 


Although analysis rol»s a passage of its beauty 
and poetry of expression, it nevertheless lays 
bare the structure of the sentence. From a 
grammatical point of view a sentence is not 
grasped until it has been mentally analysed 
mid all its component parts set forth in their 
utter nakedness. 

Key io Exercises on Pace 757. 

1. I had wanted to see him. 

2. Trusting you are well, I remain, yours truly 


(in the faulty sentence the participle trusting 
agrees with you , which is the suppressed subject 
to believe ; it therefore means : “ Do you, trust- 
ing you are well, believe me,” which is nonsense). 

3. Either “ In reading the Psalms ” (gerund) 
or “In the reading of the Psalms ” (abstract 
noun). 

4. If he were to go, he would regret it (sub- 
junctive). 

5. If he had gone (or, had he gone), etc. 


Continued 
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ourselves to the minor portions of his daily 
routine. In brief, his duty is to be in attend- 
ance at every meal, including that of tea, to see 
that the table is properly set and that the 
servioe is as it should be in every way. In 
the evening the butler brings the candles at a 
time fixed by the master and mistress. 

The Butler's Duties at Night. After 
the family have retired it is his duty to go 
the round of the house, seeing that all the 
doors and windows are safely bolted and barred, 
that all lights are extinguished, ahd that tfie 
fires are safe. He must be particularly careful 
to see that the wine-cellar is locked, and that 
the plate and valuables for which he is re- 
sponsible are safely locked up for the night. 
If the master of the house has no valet, the 
butler may be oalled upon to perform some of 
his duties, but these will not be arduous, and 
need not interfere with the performance of his 
regular duties. 

The butler must see that the wine-cellar is 
kept in a clean and proper condi ti on . He should 
be familiar with the qualities and treatment of 
the various wines, and so be able to advise his 
master as to the best choice. The butler must 
know what is the proper treatment of the 
various wines under his care, and he should 
spare himself no pains in his endeavour to 
secure for his master the reputation of “ keep- 
ing a good wine-cellar.” 

Although the wines are often purchased 
ready bottled, it is sometimes the butler's duty 
to tine and bottle them, in which case he 
should be familiar with the process. A portion 
of wine is drawn off from the cask, mixed 
with the white of four eggs, and thoroughly 
stirred. This mixture is then returned to the 
cask by the bunghole, together with the rest 
of tho wine previously withdrawn. The contents 
of the cask must be stirred round by means of 
a wooden rod inserted through the bunghole. 
All bubbles rising to the top should be removed 
when the mixing is finished, the bunghole 
plugged, and the catfk left to stand for three or 
four days. Wine so treated will fine 12 to 14 
gallons of port or sherry. 

Some butlers prefer other clearing ingredients 
than the white of eggs. Small pieces of isinglass or 
gelatine, cut into tiny fragments and dissolved 
in the withdrawn wine, may be used instead. 

Bottling Wine. - This is an important 
operation. A small hole is bored at the bottom 
of the cask, a gimlet being used for the purpose. 
The bottles are in turn placed under the hole and 
a strainer is used to prevent “ grounds ” from 
entering the bottle. As the cask becomes nearly 
empty a piece of muslin placed over the strainer 
will filter the wine more effectually. 

The corks should be soaked in not water and 
then squeezed dry. The bottle to be corked is 
placed in the bottling-boot, which is strapped on 
to the knee of the person doing the corking ; 
the cork is then forced in with several smart 
blows from a broad, wooden mallet. The corks 
should then be sealed, or the heads of the bottles 
dipped into quicklime or petroleum, in order to 
keep insects away. 
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The bottles of wine should be carefully counted 
and a written record of them kept by the butler. 
By referenoe to this notebook the butler should 
know the exact contents of the wine-cellar and 
particulars as to when the wine was used The 
bottles of wine are laid on a wine-stand in layers. 
The alternate layers will be with either head or 
bottom of the bottles outwards, and between the 
layers there will be sawdust or straw. 

The “ Cellar-booK.” A careful butler will 
wash the empty wine-bottles and keep them care- 
fully sorted. Inis is a great saving of trouble when 
bottling is in full swing. If the wine is purchased 
ready battled, it will not be so necessary to keep 
the different kinds of bottles sorted, brut when- 
ever a fresh supply of wine is bought, the butler 
will do well to return a corresponding number of 
bottles to the merohant. 

The casks should be well rinsed with boiling 
water and kept scrupulously clean. Should 
there be any trace of a sour or musty smell, the 
cask must be cleansed with lime and boiling 
water, and well rinsed and dried before being 
used again. 

The butler should also keep a “ cellar- book,” 
in which to make a careful entry of every bottle 
of wine used. This book should be a complete 
record of all the wine drunk, and enable one to 
se j the contents of the wine-cellar at a glance. 
In advising his master as to the ordering 
of fresh wines to replenish the wine-cellar, the 
butler should be careful not to allow himself to 
be influenced by bribes from wine merchants. 
These are occasionally offered, but a scrupulous 
butler will not allow himself to give way to 
temptations that are derogatory to his master’s 
interest. 

The Butler's Wages. The head-butler’s 
wages vary considerably with different localities, 
ranging from £60 to £80 per annum. The 
under- butler’s duty is to assist the butler 
in every way. He will carry up the wine and do 
the greater part of the cleaning and tidying of 
the wine-cellar, the w ashing of the wine-bottles, 
etc. If there is no under-butler, these duties 
will have to be performed by the butler, who 
will himself carry up the wines to the dining- 
room. 

THE HOUSEKEEPER 

The housekeeper must never allow herself to 
forget that she is the immediate representative 
of her mistress. She is responsible for the com- 
fort of the servants working under her direction, 
and it is her duty to see that each domestic gets 
his or her meals at suitable times, and that these 
are served in a satisfactory manner. She must 
supervise the other conditions of the servants’ also 
lives, seeing that each in turn gets reasonable 
time for rest, recreation, and exercise, and that 
the various duties are fairly apportioned. 

Although the housekeeper’s room is a sanctum 
in which butler, valet, and lady’s-maid alone 
associate with the housekeeper, this room should 
not be far removed from the servants* hall and 
kitchen. It should be sufficiently near for the 
housekeeper to have every opportunity of seeing 
that all is satisfactory in these other rooms ; 
but, on the other hand, it should not be so near 
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that the servants feel an uncomfortable sense of 
restraint. Servants dislike nothing so much as 
the idea that they are being “ spied on,” whether 
by mistress or housekeeper, ana petty deceptions 
and deceit are more than likely to be bred by a 
system of espionage. A tactful housekeeper will 
make it evident that she is quite readv to 
detect wrongdoing or neglect of duty without 
making her attitude annoyingly aggressive. The 
ideal housekeeper should possess the same moral 
and mental gifts as those previously enumerated 
as desirable in a good mistress, and she should 
also endeavour to promote a good tone among 
the domestics of her household. Her punctu- 
ality should be unimpeachable ; she should be 
neat and methodical in the execution of her 
duties, and her love of order and cleanliness 
should make itself felt in her organisation and 
control of the work of the household. 

Account*. The disposal of a considerable 
amount of money devolves upon the housekeeper, 
and she must keep a careful record of all money 
that passes through her hands. For this purpose 
she must be well skilled in the keeping of accounts 
and abl to extend her neatness and method to 
the keeping of certain books and records of ex- 
penditure. Her account-books should present a 
methodical register of the outlay of the house- 
hold in current expenses, such as wages 
and tradespeople’s bills. Every time money 
is spent its expenditure should be entered, 
and then the different items sorted out 
and re-entered under the various headings as 
food, wages, etc. The housekeeper will also find 
her expenditure easier to control if she keeps 
a record of all things ordered and received. She 
can compare this list with the accounts sent in 
by the various tradespeople, and so detect any 
attempts at fraud and overcharging. The 
housekeeper’s accounts should l)e carefully kept 
and balanced by the master or mistress at 
stated intervals. This examination is most 
desirable and satisfactory to all parties 
concerned. 

The housekeeper's salary will depend much 
on the conditions under which she is engaged, 
varying from about £20 to £50, or more in large 
households. 

The Housekeeper's Duties. The 

housekeeper’s duties vary considerably accord- 
ing to the size of the menage which she has to 
superintend. If the household is large and 
she has a great number of domestics under her 
control, she will of necessity be kept very busy 
if she is to carry out her duties satisfactorily. 
She should rise early, and see that the early 
morning work is properly performed. She 
should also see that breakfast preparations are 
well made, so that the meal can be punctually 
and comfortably served at the appointed time. 
After breakfast she will be busy making various 
arrangements for the day. 

She will have to superintend the orders sent to 
the various tradespeople, such orders always 
passing through her hands before they are sent 
off. She will then make a tour of inspection 
through the house, and see that the servants are 
all conscientiously performing their allotted 


tasks. She should be quick to notice where 
repairs are necessary — if cushion-covers and 
upholstered furniture need mending, if the 
wmdows are in good working order, and well 
cleaned, and that the furniture is not scratched 
or badly polished ; in fact, a well-trained house- 
keeper is always on the alert, and no detail of 
housewifery or household management will 
escape her notice. 

The Care of the Linen-press. One 

of the housekeeper’s principal duties is to look 
after the stock of linen in the house. This will 
oocupy a portion of more than one dav in each 
week. An inventory should be made of the 
contents of the linen-press and the linen in 
use. A housekeeper snould know how many 
tablecloths, sheets, etc., her stock should com- 
prise, and she should systematically examine 
each set of articles with a view to ascertaining 
whether her stock needs replenishing. In many 
cases, by arranging for a little judicious darning 
and mending, the life of some articles may be 
much prolonged. The best time for a house- 
keeper to arrange for such replenishing of her 
stock of linen is during the Bummer. The 
ordinary household routine is then considerably 
lightened ; there are no fires to tend, and the 
hours of daylight being lengthened, more work 
can be done without fatigue. The linen press 
should be so carefully overhauled that the 
stock of linen is never allowed to get low, for 
directly the housekeeper notices that an article 
is wearing out, she should take steps to replace 
it. The same method should characterise the 
housekeeper’s care of everything under her 
charge. She should at intervals make lists 
of all the different articles for which she is 
responsible, and by this means detect any loss 
or deficiency caused by breakage or wear. 

The Store-cupboard. The care of the 
store -cupboard w ill occupy a good deal of the 
housekeeper’s time, and she will do well to let 
each season add to her store of preserves or 
pickles. In very large establishments she 
will have little or nothing to do with the 
cooking, except to sec that the kitchen arrange- 
ments are satisfactory, and that the meals arc 
served punctually and well. In most cases, 
however, the housekeeper takes some share in 
the preparation of a few dainties and preserves. 
Thus she will perhaps be responsible for the 
dessert, and particularly for the sweetmeats, 
crystallised fruits, ginger, and Baited almonds 
used at that course. During the summer and 
early autumn months she will find herself busy 
in assisting with the making of jams, jellies, and 
pickles of various kinds. 

In the spring the housekeeper is responsible 
for the proper conduct of the spring cleaning. 
She should carefully supervise the tuming-out 
of each room, and, with the sanction of her 
mistress, get rid of all unnecessary articles, 
which only serve to fill up the house and accumu- 
late dirt and dust. She should notice carefully 
if any particular part of the house calls for the 
attention of the painter or paperhanger, and, 
if so, bring the matter before her mistress. 

The housekeeper must take the greatest care 
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to preserve her own dignity and authority in 
her dealings with the servants of the household. 
To her lot will fall the task of engaging the 
women-servants, and she will, therefore, have 
to make all inquiries as to the character and 
previous experience of the servant making 
application for the situation. In doing so she 
should take the same precautions as those 
indicated in the earlier part of this section as 
being desirable for a mistress. In the exercise 
of her duties, the housekeeper should avoid all 
semblance of being overbearing and exacting, 
but she should never lose sight of the dignity 
and responsibility of her position. 

THE VALET 

The valet is, of course, the personal atten- 
dant of the master, and his duties chiefly 
consist in looking after his comfort and well- 
being. The valet has exceptional opportunities 
of showing his loyalty and zeal in serving his 
master. He must also possess no small amount 
of tact and patience, and be able to bear petty 
annoyances and retain his good temper and 
respectful manner, even on occasions when his 
master may be overbearing and irritating. 

A good valet will always maintain a respect- 
ful demeanour, never allowing himself to lapse 
into undesirable familiarity. The valet must 
be absolutely trustworthy, since in his intimate 
dealings with his employer lie has abundant 
opportunities of defrauding him. He should 
be very careful in his conversation in the 
housekeepers room, ami should never repeat 
any private family matter which has come to 
his notice, or which he may accidentally learn 
in his confidential position. In the matter 
of his own personal appearance, the valet should 
take pains to be neat and well-dressed. He 
never wears a livery, but he is, as a rule, the 
recipient of the clothes his master no longer cares 
to wear. 

The Valet’s Daily Routine. The valet s 
first duty will be to see that his master's 
dressing-room has been pro|*»rly swept and 
dusted by the housemaid. Then, if the weather 
ir cold, he should see that the lire is alight 
and w r ell tended, and that the room lias been 
properly aired. He should then put all his 
master's clothing in readinesss. The' linen and 
woollen garments should he well aired, and the 
suit carefully brushed and folded. Everything 
that his master will need for his toilet should 
be in readiness ; soap, towels, and brushes 
should be in their pro|K*r places. The valet 
should also put hot water in readiness for 
washing and shaving, and set* that the razors 


ore ready for use. When the master does not 
shave himself, the valet must be competent to 
perform the operation. 

This servant should also be skilled as a hair- 
dresser, since he will have to brush and arrange 
his master’s hair, and should he possess beard or 
moustache, these must also be given attention. 
While the master is dressing, the valet should be 
in attendance, handing him in turn each article 
he requires, and adjusting his necktie, etc. 

The valet will doubtless be required to per- 
form various little commissions for his master, 
such as taking notes and messages. He must, 
however, find time to keep his master’s ward- 
rol>e in good order, be careful of his master’s 
appearance, see that his clothes are well brushed 
and all stains removed, and his silk hat 
ironed when necessary. He should also see 
that the master’s toilet is irreproachable, and 
that all necessary repairs are executed. The 
valet should never allow* his master’s stock of 
underwear and smaller articles, such as socks, 
gloves, ties, collars, etc., to get very low, and 
Hliould advise him in the matter of replenish- 
ing his wardrobe. 

The Valet’s Duties. During the absence 
of the master, the valet has not very many 
duties to perforin ; but he should be in readiness 
to wait on his master at all times, and par- 
ticularly when dressing for dinner. After his 
master’s toilet is completed, the valet should 
set his dressing-room in order. He should brush 
and put away discarded suits, and tidy the 
dressing-table, cleaning and setting in order 
razors, brushes, and comb, etc. Should lie be 
in attendance on an elderly master, he may be 
required to give rather closer personal attend- 
ance, such as sleeping in an adjoining ante- 
elnunbcr, accompanying his master out of doors, 
etc. Ke may also be required to wait at table, 
in which ease lie will stand behind his master’s 
clmir and confine his whole attention to 
administering to his w r ant«. 

Sometimes the valet is required to travel with 
his master. In this case he will doubtless be 
more or less responsible for looking out routes, 
taking the tickets, and securing a comfortable 
seat. Whenever there is a change of carriage or 
a long delay, the valet should seek his master's 
carriage, and wait oil him. He may be required 
to get tea or newspapers, and he is also 
responsible for the luggage. He must see that 
it is properly labelled and put in the van, and 
keep his master's dressing-case, or bag, under 
his personal supervision in his own carriage. 
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By W. E. GARRETT FISHER 


Minerals Form Rocks. All rocks arc 
made up of one or more minerals. In the case 
of a rock which — as is most common — has 
several mineral constituents, it is necessary to 
distinguish between the essential and the 
accessory minerals. An essential mineral is 
one which could not be removed from the rock 
without materially altering its character ; thus, 
quartz is said to be an essential constituent 
of all granites, whereas the crystals of topaz 
and beryl, which often occur in granite, an* 
accessory — their absence would not affect the 
granitic character of the rock. Again, we have 
to distinguish between original and secondary 
minerals. The original minerals are those 
which formed part of the rocks when they were 
first laid down, while the secondary ones have 
l>een added later, by chemical 
changes, or by the intrusion of water 
holding them in solution, or by similar 
methods. The veins of ore which are 
so important a part of the mineral 
resources of a country afford good 
examples of secondary minerals which 
have been introduced long after the 
formation of the rocks in which they 
occur. 

The business of the mineralogist 
is, in the first instance, to 
be able to identify any 
specimen which is sub- 
mitted to his examination, 
and to state the conditions 
under which it is likely to 
be found in association with 
other and perhaps more 
valued minerals. This part 
of his work, as will be ob- 
vious, is of great value to 
the miner, but it is posable 
or necessary to give here only a brief outline of 
the principles by which it is directed. In 
an elementary course of geology wo need con- 
cern ourselves only with a small number of 
the existing minerals — those, namely, which 
chiefly compose the more common rocks of 
the earth's crust. The methods by which 
these minerals are identified, and their charac- 
teristics, can be learnt so simply in the laboratory 
and the museum that it would be a waste of 
time to give more than the briefest outline of 
them now. 

Testing Minerals. Minerals are distin- 
guished by (1) their external appearance, (2) 
their physical properties, (3) their chemical 
composition. Of course, the third of these tests 
is the most valid and satisfactory, and is alw ays 
applied when the resources of a proper labora- 


tory are at hand. But the practical geologist 
has to do the greater portion of his work in the 
field, with only the aid of such simple instru- 
ments and reagents as he can carry on his 
person. The prospector, who is searching for 
specimens of ore, is in the sumo position. 
Consequently, it is eminently necessary that he 
should be able to identify the more important 
minerals by means of the first and second 
tests — by their general appearance, supple- 
mented by such physical properties as he can 
examine off-hand. To these he is able to add 
such chemical tests as can be applied by means 
of the simple apparatus and reagents which 
can be carried on a geological tour or added to 
the camp outfit of the prospector. By these 
methods the trained mineralogist can satisfac- 
torily determine the nature of prac- 
tically every specimen with which 
lie is likely to meet, though here 
and there a puzzling mineral may 
have to be left for thorough inspec- 
tion in a properly equipped labora- 
tory. 

There is no royal road to the 
power of identifying readily the 
more common ni morals. The student 
must familiarise himself with their 
appearance by practice. He 
may usefully begin with 
one of the boxes contain- 
ing fifty or a hundred 
typical specimens which 
are sold by most of the 
scientific instrument 
dealers, and then extend 
his research in the wider 
collection of a geological 
museum, such as that of 
the Geological Survey, in 
Jermyn Street, the Natural History Museum, 
in Cromwell Road, London, or in the collections 
attached to any of our provincial universities. 
The following outline will show him the main 
points for which to look. 

Determination of Minerals — External 
Form and Structure. Minerals, though 
varying so widely in their outward appearance, 
can all be classified in this respect under one 
of four heads. They are (a) Crystalline , (b) 
Vitreous, (c) Colloid , \d) Amorphous. 

Crystalline minerals are those which occur in 
the shape of regular geometrical solids, bounded 
by smooth, shining faces. A very large number 
of minerals are found in Nature in these forms. 
The phenomena of crystallisation is explained in 
the course on Physics. It is enougn here to 
remind the student that they always imply 
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that the substance which presents them has 
been solidified from a state of fusion or 
solution. It is a law of Nature that every 
substance which is susceptible of taking on a 
crystalline form adheres to it under all con- 
ditions and in all places where it is found — 
although it must be noted that many minerals 
have apparently more than one crystalline 
form, which they assume in accordance with 
the physical conditions under which they are 
deposited. Thus, calc-spar [12] (carbonate of 
lime , Ca CO ;l ) is found in nature under many 
crystalline forms, such as the familiar dog- 
tooth spar [11] ; but each of these is reducible 
to what is known as the fundamental form of 
calc-spar, a rhombohedron [10]. The funda- 
mental form of fluor-spar ( calcium fluoride , 
Ca F\ ) [15] is a cube [8], but it is found 
in many other forms, such as the regular 
octahedron |0J, each of which is a modification 
of the cube by the slicing off of successive 
corners. 


System of 
Crystallisation 

(i) Anorthic 

(ii) Monoclinic 

(iii) Orthorhombic 

(iv) Hexagonal 

(v) Tetragonal 

(vi) Cubic 


Example 

Axinite. 
Gypsum. 
Barytes. 
Quartz, Calcite. 
Zircon. 

Galena. 


Enough has been said to indicate the im- 
portance of a knowledge of crystallography to the 
pr ac t i cal mineralogist. The great law of crystal - 
line form tells us that bodies of the same 
chemical composition always crystallise in 
the same fundamental form, or in a form which 
can lie reduced to it by simple cleavage, and 
conversely we know that crystals of a certain 
form must belong to one or other of a limited 
group of minerals. Often the crystal is so 
distinctive — like the diamond, ruby, or dog-tooth 
spar — that the mineral can at once be named. 
At any rate, wo have a guide for the applica- 
tion of further tests. 


Crystallography. A crystal is a geo- 
metrical solid bounded by plane surfaces. 
These bounding surfaces are called the faces 
of the crystal. The lines in which they meet 
are called its edges , and the point where three 
or more edges meet is called an angle. The 
vitally important thing in the study of crystals 
is that these angles always remain the same 
in similar crystals. A crystal as it occurs in 
nature often looks very different from the 
trim figures of the text -book. It may have grown 
up under conditions which have truncated it 
in one direction and exaggerated it in others. 
Hut its angles always remain constant to the 
form to which it belongs, and by measuring them 
it can be assigned to its preper system with 
certainty. Consequently, the most important 
piece of apparatus used by the crystnllogrupher 
is the goniometer (angle measure *), which enables 
him to measure the angles of any crystal with 
rapidity and care, either by directly laying 
two hinged arms fitted with a scale on the faces 
of the crystal (contact goniometer) or by 
measuring the deflection of a beam of light 
which is reflected from adjoining faces (reflecting 
goniometer). 

After the angles of a crystal, the most im- 
portant thing to examine is its cleavage. All 
crystals have the curious property of splitting 
more or less readily along planes which are 
called cleamge planes , and which in all cases 
are parallel to the faces of a fundamental 
form, or to the diagonals of a face. Some 
crystals, like dog-tooth spar [11 1, can be split 
along their cleavage planes by a mere tap ; 
even the diamond, though the hardest of 
minerals, can be shaped by chipping aw'ay its 
corners along the planes of cleavage. 

Classes of Crystal** There are 32 
different classes of crystals, of which all but 
two or three are known to occur in nature. 
They are divided into six systems, of which the 
following typical examples may be examined in 
a museum : 
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Non-Crystalline Minerals. Vitreous. 
or glassy, minerals are easily recognisable. 
As their name indicates, they are a kind of 
natural glass, which may, or may not, be 
translucent. Obsidian [14], the well- known 
“ volcanic glass,” is a familiar example. These 
minerals have mostly been fused, as in the 
lava of a volcano, and have cooled too quickly 
for crystallisation to occur. 

f olloid minerals consist of a substance which 
reminds the observer of a petrified jelly. Silica 
is the most abundant mineral which takes this 
form. Opal [13] is a hardened variety of it. 

The rest of the minerals are called anwrphom , 
or shapeless, because they assume no definite 
form, but are found in more or less coherent 
masses, tufts, or granules. The soapstone [16] 
used by tailors, under the name of French 
chalk, is a good example. 

Physical Properties of Minerals. 

Every mineral has a distinctive set of phy- 
sical pro}»crtic8 which are of great service to 
the mineralogist in determining its place in 
the series of nature. First comes the specific 
gravity [see Physics], or weight of a mineral, 
compared with that of an equal volume of 
water. This is tested by weighing the speci- 
men first- in air and then in water ; but 
the practical geologist soon learns to make a 
rough but fairly accurate guess of the specific 
gravity by poising the specimen in his hand. 
Next comes the hardness of the specimen, 
measured in terms of a series of ten minerals 
ranging from tale up to diamond : the mineral 
is placed betw’een the last which it will scratch, 
and the first which will scratch it. The colour 
of the mineral and of the streak which it leaves 
on paper, or which a knife leaves on it, its 
lustre and transparency , are also noted. The 
nature of its fracture when broken is important. 
It may have a characteristic taste or odour. 
Lastly, its optical , electrical, and magnetic pro- 
perties have to be observed ; but this uBu&lly 
involves the possession of apparatus, such as 
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the polariscope and the electrometer, which 
cannot be taken into the field, and belong to the 
mineralogies! laboratory rather than to the 
camp outfit. 

Chemical Composition of Minerals. 

The only absolutely satisfactory test of a 
mineral is that afforded by a complete chemical 
analysis, which can, of course, be carried 
out only in a properly equipped laboratory. 
A few rough tests, indeed, may be applied 
in the field, such as the use of an acid to 
see if a carbonate is present, when a little 
carbon dioxide (C0 2 ) is given off with visible 
effervescence. Beyond these simple tests, 
the business must be learnt by practice, 
and the average geologist is content to depute 
it to the chemist. 


Large masses of such visitants are still lying 
on the soil of Greenland and Arizona. Carbon 
occurs uncombined in two forms — as graphite, 
or plumbago , which, from its property of 
producing a black streak on paper, is utilised 
in the manufacture of the Ro-oallod lead pencil ; 
and as the most splendid of gems, the diamond, 
which is simply a crystalline form of pure 
carbon. Sulphur is also found native, as a 
product of volcanic action : the Spanish con- 
quistadores obtained the sulphur for then- 
gunpowder from the crater of a volcano. 

Oxides. Certain Oxide s, or compounds of 
oxygen in another element, form important 
constituents of the rocks. The two which 
we need to note here are the oxides of 
silicon and iron. 
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TYPICAL MINERALS 

11. Dog-tooth spar (Matlock, Derbyshire). 12. ('air-spar (Cumberland). 13 . Opal (Hungary). 
14. Obsidian iLipari Isles). 15. Fluor-spar (Cumberland). 16. SoapBtoue (North Carolina; 



Classification of Minerals. Minerals 
have been classified in various ways, but the 
most satisfactory system, on the whole, is 
that which depends on chemical composition. 
We shall be content to glance briefly at the 
twenty or thirty more important minerals 
which chiefly go to build up the rocks of the 
earth's crust. These leading minerals may be 
classified for convenience according to their 
composition under various heads — to understand 
which some knowledge of elementary chemistry, 
such as can be obtained from the course on the 
subject, must be assumed. 

Native Elements. Certain native ele- 
ments occur as minerals. Gold, copper, and 
iron are found in small quantities in the metallic 
form. There is reason to believe that most of 
the native iron found as a terrestrial mineral 
reached our planet in the form of meteorites. 


Silica (Si 0 2 ) is a compound of silicon and 
oxygen, which is best known in the form of the 
ubiquitous and beautiful mineral known as 
quartz . It is crystalline — indeed, the Greeks 
called it “ crystal,” and held it to be petrified 
ice — and its fundamental form is that of a six- 
sided prism. But there are innumerable 
varieties of silica, which is the most abundant 
of all minerals. Some of these, like amethyst 
and catseye, are so beautiful as to be regarded 
as precious stones. Other forms of silica are 
chalcedony, opal, onyx and agate. Flint, on 
which the beginnings of human civilisation 
depended, is also almost pure silica, which has 
grown into nodules in the chalk-beds. 

Iron oxides play a great part in our scenery. 
Hcematite (Fe 2 0 3 ), is the rea oxide of iron which 
colours so many of our rocks — e.g. t red sand- 
stone and clay (red ochre). It occurs very 
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abundantly, and is largely worked in the Lake 
Superior mines and in Cumberland. Limonite 
(2 Fe.j 0 8 + 3 Ho 0), or brown iron-ore, is a 
hydrated oxide of iron which has been largely 
deposited from chalybeate springs, as yellow 
ochre, or bog iron-ore. Magnetite (Fe.j 0 4 ) is 
the magnetic iron oxide which was early known 
as the lodestone, from its remarkable property 
of attracting iron and of causing a needle 
rubbed with it to point to the north — the 
mariner’s compass. Vast deposits of it occur 
in Scandinavia, and it is one of the main sources 
of the world's iron supply. 

Corundum (Ah. 0 ;; ) is an oxide of aluminium 
w'hich may lie mentioned (although it does not 
occur largely in nature) because two of its 
varieties arc the ruby and the sapphire, whilst 
in the less precious form of emery it gives us a 
valuable polishing material. 

Silicates. The Silicates — compounds of 
silica, or silicic acid, w'ith various metallic 
oxides— constitute by far the most important 
group of minerals. “ By themselves they con- 
stitute at least nine-tenths of the terrestrial 
crust, and make up practically all the rocks, 
except the sandstones, quartzites and carbon- 
ates.' 1 (Cleikie). 

The Felspars are composed of silicate of 
aluminium, combined in varying quantities 
with the silicates of potassium, sodium, and 
calcium, with traces of magnesia and iron oxide. 
They vary in character according to their com- 
position. The most typical felspar is Orthoclase , 
or potash felspar (K Al Si ;t 0 H )* It is an abund- 
ant constituent of granite. Albite (Nu Al Si ;1 0 H ) 
is the corresjmnding soda felspar, und Anorthite 
((’a Alo Su Oy) is a lime felspar. There 
are numerous other felspars of varying but 
generally similar composition. The group is 
often divided by the cleavage of its crystals into 
orthoclase , with cleavage at right ungles ; 
playictclase , with cleavage at an acute angle, 
and oliyoHase , with ill -defined cleavage. 

Next comes the Mica group of silicates. All 
these minerals share the well-known property 
of common mica — that they can easily be 
separated into thin flakes, or lamimv. Muscovite 
is theeommon mica — of which lamp-shades and 
furnaces windows are made — so called because 
it comes from Russia, and was once known as 
“ Muscovy glass.” It is a silicate of aluminium 
and potassium of which no exact formula can 
be given as its proportions vary considerably. 
Biotite is another mica, differing in the presence 
of magnesium. The glittering flakes of mica 
are nearly always visible in granite. 

Tlie third group of silicates is that represented 
by Hornblende and Augite, which are bisilicates 
of calcium, magnesium, iron, and manganese. 
These two minerals are closely related, and play 
a considerable part in the constitution of the 
granitic and volcanic rocks. Allied to them are 
Diallage and Hypersthene. Olivine is a silicate 
of magnesium, iron, and manganese, which 
forms an essential ingredient of basalt. 

The fourth group contains Talc — the well- 
known soapy mineral — and Chlorite, which are 
hydrated rilicates of magnesium. Serpentine 
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is of similar composition, with the addition of 
aluminium and iron. It is harder, but can still 
be cut with a knife, and gets its name from the 
beautiful mottling of its brown and green surface. 

Carbonates. A large proportion of the 
rocks which form the earth’s crust are composed 
of carbonates , or compounds of oertain metals 
w'ith carbonic acid, the gas which is produced 
by combustion or breathing. [See Chemistry.] 
The most important of these is the carbonate of 
calcium, which occurs in nature in two forms, 
alike in chemical composition but differing in 
external apjiearanee and physical properties. 
Calcite (CaCO ;l ), or calc -spar, is the essential 
basis of the great masses of limestone rock 
which are so abundant in many parts of the 
world, as in Derbyshire. It crystallises in the 
fundamental form of the rhombohedron. A 
particular variety which has become famous 
by its optical properties is the doubly refracting 
Iceland spar, which gives a twofold image of 
all objects seen through a transparent slice of 
it. Aragonite (CaCO ; J is a harder and more 
durable form of calcium carbonate, w'hich is 
much less abundant than calcite, and occurs 
in rhombic crystals. Bitters par (CaMgCO n ) is 
a double carbonate of calcium and magnesium, 
found in greatly varying proportions of the two 
metals, which is chiefly interesting as the basis 
of the Dolomite rocks which form the great 
mountain masses of magnesian limestone in the 
Tyrol and Carinthian Alps. Siderite (FeC() ;t ), 
or brown ironstone, is a carbonate of iron often 
found in nodules in shaly beds. 

Sulphates, Sulphides, Fluorides, 
Chlorides, Phosphates. The remaining 
minerals which, in smaller quantities, help to 
build lip the rocks of the earth’s crust, call for 
only brief mention here. Sulphate of calcium 
is found in two shapes. Anhydrite (CaSO,) 
and the well-known Gi/jutum (CaSO + + 2H..O). 
Sulphate of barium is barytes (BaSO., ), known 
from its heavy weight as Heavy Spar , which is 
often found in association with metal ores. 
Sulphides of various metals (lead, silver, copper, 
zinc) are of great commercial importance, but the 
only one which the geologist need consider is 
iron sulphide, which occurs as Pyrite (FeS^), 
the familiar Iron Pyrites or “ fool’s gold,” which 
ignorant prospectors often mistake for a valuable 
source of the precious metal, and as Marcasite 
(FeS.j) which plays a large part in the decom- 
position of rocks by its pow'er of producing 
sulphuric acid on exposure to damp air. There 
are only two important compounds of the 
haloid elements found as minerals. Sodium 
chloride, or common salt (NaCl), is found in 
vast beds at places like Nantwich, where it is 
of great commercial importance. Calcium fluo- 
ride is the beautiful Fluor-spar (CaF 2 ) [16] 
used, from its property of giving off fluoric acid 
when treated with an acid by the glass etcher. 
Lastly, one may mention tricalcium phosphate 
i ' Apatite , which occurs in Norway and else- 
where, and has great importance to the agri- 
culturist from its use as a fertiliser. 

Continued 
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By ERNEST 

“ DACK to the land ” is now a popular cry, a 

u cry which, it is to be hoped, will become 
still more popular. Specialists show in other 
courses in the Self-Educator how profi table it 
may prove to the men in overcrowded towns to 
go back to the land, and how those already on the 
land may bettor their positions. New ideas and 
new processes are as desirable for agriculture as 
for any other industry which employs a con- 
siderable number of men. At present, however, 
we concern ourselves only with the life of tho 
villager and the affairs of his tradespeople. 

Assuming that a certain proportion of the 
men now seeking in the markets for employment 
where no employment is — assuming that a 
certain proportion of these do go back to the 
land, what is their prospect in tho village ? 
It might be thought that, so far as the domestic 
economy of the home is concerned, all that man 
and his wife desire must be available ; that in 
an agricultural and fruit-growing district there 
will be abundance of cheap fruit and vegetables, 
eggs, milk, and cream. The opposite is the case. 
We refer mainly, of course, to villages whence 
London may readily be reached by rail or cart. 
The same conditions apply, in a lesser degree, 
in the villages of which tho great provincial 
cities are the centre. There is no local trading. 

A Limited Market. The money of his 
neighbour does not appear to possess any value 
for the grower of agricultural produce. Unless 
his fruit and vegetables go to Covent Garden, 
or his milk, cream, and eggs to the big dairies of 
the metropolis or lesser centres, he does not, 
apparently, find any satisfaction for his labours. 
The consequence is that the average villager 
is worse off for tho bare necessities of life 
than the man who herds with the million in 
crowded city areas. Take strawberries, for 
example. The cost of these to the consumer, 
if he buy them in the heart of the district in 
which they are grown, is 50 per cent, more 
than if he had got them in town. The grower 
has to pay railway charges, and then sell at such 
a price as to yield profit to the Covent Garden 
merchant, then, perhaps, to a middleman, and 
finally to the retailer. If he gets a penny or 
throe-halfpence per pound for his crop he is a 
fortunate man. Yet the same man is not anxious 
to sell his fruit privately at less than sixpence per 
pound where it is grown, though London retail 
rates at the time may be 50 per cent, lower. 

Wasted Food. The same rule applies to 
vegetables. As soon as they are grown they are 
carted, or sent by rail, to London, to take their 
chance in a market which may, or may not, be 
over-stocked. On the spot where they are 
grown it is a favour to be able to purchase any 
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at much more than the Covent Garden tariff. 
Milk has the same fate. There is no place in 
which it is so scarce as in the country. Farmers 
give thousands of gallons of separated milk to 
their pigs rather than sell it. Only in the 
country is it necessary to give several days* 
notice if cream be wanted. It pays foreign 
firms to send over commercial representatives 
to exploit cream and butter. Both go into 
villages, and are, therefore, bought by villagers 
whoBe local milk and cream supply goes all to 
London at absurdly low prices. There seems to 
be a universal tradition that you shall not buy in 
a given place that which forms the staple industry 
of such place. Nobody buys lace at Nottingham, 
or cutlery at Sheffield ; nobody ever bought * 
locally-made calico at Bolton, Bury, or Blackburn. 

The Purchasing Power of Money. 
All this is discouraging to the man who has 
gone back to the land. He finds in the season 
when eggs are most plentiful that they cost him 
more than the London resident must pay ; 
that the milk with which he is supplied is not 
of as good quality as that sent to London— the 
cream is conspicuous by its absence ; all kinds 
of fruit are scarce and dear. He is in the midst 
of plenty, but it is not for him. He must live, 
hence he must eat. He must buy his produce 
at the shop which has obtained its hamper of 
potatoes or other vegetables, not from the 
surrounding fields, but from the middleman, 
who has purchased from Covent Garden or some 
correspondingly central depot. He may actually 
find that his wages have less purchasing power 
in the country than in a city where competition 
is keen and tradesmen satisfied with small 
profits from quick returns. If he ventures to 
use gas as an illuminant, he inevitably pays a 
higher rate than the townsman ; his meat, 
perhaps, is more expensive ; boots, clothes, 
coal — everything costs more. Where, then, is 
the advantage of returning to the land ? 

What the Villages Need. All these 
conditions, it must be repeated, apply chiefly 
to villages adjacent to London and other 
great towns and cities ; in places more remote, 
the circumstances are necessarily modified. 
There is room for considerable development in 
village trade. The rural districts want good 
stores. Some have them already, establish- 
ments whose stocks are miracles of compre- 
hensiveness. But these are the places that 
sell foreign cream when the local supply is 
sent away by train to fetch starvation prices. 
These are places at which are sold American and 
other foreign apples, while in the orchards 
around them English fruit is rotting on the 
trees. These are the places at which are *8old 
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cheese from Holland and America, while that 
made in the villags is allowed to bear the cost 
of cartage and railway to the markets of 
the cities. 

We want new stores or developments in old 
stores. That money is to be made from the 
stores conducted oven on the present lines is 
manifest from the fact that private companies 
here and there control scries of them in adjoin- 
ing villages. But the time has come for a 
distinct advance upon the old methods. The 
villages ought to have a regular service of goods 
by motor-van. One of these, starting in the 
morning from some central depot, would serve 
in the course of the day village after village. 
It would dispose of its wares either to shops or 
stores, or at the houses of individual customers. 

A carrier manages to keep a couple of vans 
and four or five horses by carrying to and 
from the market towns such small bulk or 
wares as he is able to manago. His efforts, 
however, in comparison with the possibilities 
of the motor-van, are as those of the old coach 
proprietor contrasted with a first-class railway. 

Trie motor-van runs at very few pence per 
mile and in the course of a day can cover a vast 
area. It could supply everything needed upon 
its round, conferring a boon upon the villages 
and bringing a solid profit to its proprietors. 

The Village Trader’s Opportunity. 
In the towns competition between traders is 
already so keen as often to reduce profits to 
vanishing point. Within a few miles of such 
towns is virgin soil, with crops of custom, so 
to speak, ready to the hand of the man who lias 
a disposit ion to reap. For the prosperity of those 
already on the spot, it is, of course, desirable 
that they themselves should tako the load. 

There is no reason why they should not. Every 
village trader knows that his neighbours are 
compelled every week to go into the nearest, 
town to buy goods which he cannot secure 
locally. That means the outlay on the part 
of the purchaser of money in fares which 
might otherwise lie devoted to additional 
purchases. With the motor - van regularly 
plying there would bo no excuse for 

the villugo stores not keeping stocks as 
representative and up-to-date as those of 
rivals a dozen miles away in the town. 
Money which now goes unnecessarily into 
the cities would thus l>e kept in the 
country amis. It needs no argument to 
demonstrate that the greater the amount of 
money available, the greater the possibilities 
for the district. We would not, of course, 
have it appear that the motor-van is to bo 
regarded as the embodiment of all efficacy ; 
but it is undoubtedly a means to a desirable 
end. With facilities in this manner multiplied, 
there is the greater inducement for substantial 
business men to go farther afield ; to set up 
house in the country and spend money there 
for the advantage of the wliolc community — 
their own not excepted. At present the “ shop- 
ping ” problem is a serious one. The housewife, 
accustomed to dealing with large establishments 
in London, finds her country home in what 
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proves practically barren land. She cannot 
purchase what she needs in the village. If 
she sends to town for household requirements, 
she has to trust to the railway, and, as likely as 
not, her perishables will reach her several days 
late, and spoilt. 

A Library for Every Village. Another 
item of the village problem, which at first sight 
may seem insignificant, has really an important 
bearing. The intellectual needs of the villager 
deserve attention. At present, life in many 
a rural centre in England is as dreary, mono- 
tonous, and unenlivened by any healthy recrea- 
tion as if such villago were in the heart of Russia. 
Men and women pass weeks and months without 
seeing a book or paper. After the day of toil, 
there is nothing for the cottager but to sit 
through the long, dark evening with nothing to 
deflect his attention from the sad monotony of 
his unlovely lot. Either he must sit and brood 
or— go to the public-house. Every village has 
its inn ; how few possess a library ! Granted, 
every rural authority has the power to establish 
a publio library out of the rates. But to the 
mind of the villager this is too ambitious an 
undertaking ; he would as readily avail himself 
of the right to light his dark lanes, or erect 
public baths and washhouses. 

This blank in the lives of the village poor 
could be profitably filled by resident store- 
keepers. Every store in every village might 
have its little circulating library. Books are 
cheap and readily to be had. They can be 
bought new for far less than the formidable 
figures in the publishers* lists suggost. They 
can be bought cheaper still at the auction mart. 
By the expenditure of a few shillings it is 
possible to buy great bundles of classified second- 
hand books — novels, history, travel, biography, 
and more or less modem text books. These 
do not represent the pick of the literary basket, 
it is true, but any book which a man 
is not ashamed to put upon his shelves is 
better than no book. The main point is to get 
a start. 

The Village Book-shop. It should 
not be a difficult arithmetical problem for the 
purchaser to determine what rate he must 
impose for the biro of his books. The smaller 
the price at which he can afford to lend a work, 
the better will be his prospects of increasing 
his connection. Books which have cost at 
auction a few pence might yield hundreds per 
cent, profit. The gain would come only in 
pence, it is true, but that is the sum in which 
the village merchant has chiefly to bo content 
to count his results. Old magazines are to 
be had at waste-paper price and are often just 
as good reading a year after the date of issue 
as upon the day they leave the press. These 
afford scope for the man with the little lending 
library. [Sec Libraries.] The opportunity to 
devote an hour or two at night to wholesome 
reading is a greater boon to the man far from 
books than can be realised by those who live 
in close proximity to the libraries and news- 
paper offices of the towns. 

It may be that with knowledge enlarged by 
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reading, tho rustic may feel the more anxious 
to enter the town. But that is a difficulty 
which will always have to be faced. The man 
w r ho is fittest for town employment will get- 
town employment. On the other hand, tho 
thoughtful person will bo tho more contented 
w'ith his lot if he has at his hand some of the 
amenities of the life of tho town against whoso 
lure he is striving. 

Skilled Nursing in the Village. A 

consideration for girls and young women 
wdiich, w r ith the passage of time, will become 
increasingly important is the scope for village 
nursing. Every village throughout the land 
is to have its trained, certificated nurse. At 
present thcro arc not nearly sufficient nurses to 
meet the demand. All who have had experience 
of the country w ill know of places where for miles 
there is neither doctor nor nurse. Hundreds 
of young women are now taking up nursing as a 
profession. [See Nttrsino.] Too many of them 
do not look beyond the walls of the great hospitals 
in the towns. The villages offer excellent open- 
ings, as well for the practice of midwifery ns for 
the general routine of the sick-room. It may 
savour rather of the fanciful to suggest that the 
villages should have their dentists. The average 
man is but now awaking to the urgent necessity 
for maintaining his teeth in a healthy condition- 
There is no reason why the qualified man. who 
is now content to drag out a miserable existence 
as an underpaid assistant in town, should not 
build up a practice for himself in the country. 
He must be prepared to do his extractions and 
fillings cheaply ; but he can make a living 
out of his work, and a living in far greater 
comfort than the overcrowded condition of his 
market in town permits. 

Everything which more nearly approximates 
the possibilities of the village to the facilities 
of the towm makes for a solution of the problem 
of the congested labour market of the urban 
areas. Men and women who havo lived in 
towns may be persuaded to go back to the land, 
but they will with less persuasion go back from 
it after an experience of the manifold disabilities 
w'hieh now exist in too many places. Inferior 
food at high prices, tho absence of all avenues 
for intellectual exercise, the lack of all the 
amenities of everyday life are tolerable only 
to those bred to the conditions, and who have 
had no opportunity of contrasting them with 
other and better. Nowadays it is too often 
the case that men go from the towns into the 
country to die. Country i'ife is stagnant, 
colourless. To it there might be brought the 
infinite variety and change of town life without 
in the least destroying the inherent charm of 
residence far from the madding crowd. 

Handicapping the Countryman. It 
is too absurd that if your stove suddenly goes 
wTong, the local ironmonger, having waited 
three weeks for the part necessary to effect 
repairs, finds that his order must be transferred 
to a foundry in Scotland, then wait another 
three weeks, and finally receive something for 
which he is compelled to pay, although it is not 


of the slightest use to himself or to his patron. 
The countryman should not have to go to the 
market ; tho market should send its wares 
to him. 

With projects such ns these carried out, 
the village, while not sacrificing one whit of its 
rusticity, might become a real factor in the in- 
dustry of that part of the country to which it 
belongs. Tho storokoej>or should bo able to 
deal with local growers of produce on terms as 
advantageous as those accorded to tho autocrat 
of tho market. Tho local fruit-grower, finding 
that he could command a steady sale in his ow n 
neighbourhood, would speedily see the wisdom 
of accepting a certain price for his goods in the 
local market in preference to sending all to 
town on the off -chance of a profitable sale. 
He would see the folly of charging in his own 
village Hd. each for eggs the like of which he 
would have to sell at about 14 a Is. in London, 
after paying the cost of carriage ; he would realise 
that a good price for his fruit sold in the country 
is worth more than the smaller price gained at 
Covent Garden ; the cow r keoj>er would under- 
stand that village money paid for village milk, 
cream, butter, and cheese, has just as great 
purchasing power as that which comes from 
town, even if it lack tho halo of romance with 
which the latter appear ft to l>e invested. 

Village Problems. To the student 
of rural life many other considerations 
conducive to the betterment of tho villagers’ 
condition will present themselves. Tho 
importance of arousing tho public spirit of 
the rustic community must be manifest to 
all who interest themselves in this phase of our 
national life. When there comes the quickening 
of this spirit, the voice of tho villager will be 
raised to insist upon the provision of habitable 
dwellings in which families may reside in decency 
and in health. The builder will find it to his 
advantage to meet that demand. Nowadays 
it is not uncommon to find people herded together 
in country cottages in a manner which would 
constitute a scandal if it were discovered in the 
slums of tho cities. 

The villages havo their housing problem in 
as acute form as the greater hives of population. 
They have their difficulties as to drainage, 
water supply, and general health conditions. 
Until we see the countryman roused to a sense 
of his right to a healthy environment, to sanitary 
conditions of irreproachable character, and to 
a water supply of unimpeachable purity, the 
villages must still lack attractiveness. 

There is in these unambitious schemes that 
which in the aggregate represents much to life 
and labour in tho country. Until they are 
carried out tho trend of the many will continue 
from the land into the already overcrowded 
towns. The accomplishment of such plans 
as these may go far to settle the “ back to the 
land ” problem by a simple process. Those 
already in possession will find their lot too 
pleasant to leave, while eligible hands from 
the overstocked labour markets of the towns 
will be only too glad to return. 
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history THE GOLDEN AGE OF GREECE 

Victory of Marathon. The Persian Invasion. Formation of the First Great 
cuHttmuH] from Fleet. Themistocles. Pericles. The Life and Conquests of Philip of Macedon 

(MitfoMH I 


By justin McCarthy 


'"THE Athenians showed themselves the most 
vigorous and the most closely united in 
resistance to the Persian invasion, and under the 
leadership of Miltiades won by their own efforts 
the victory of Marathon. Miltiades had l>een 
chosen one of ten generals entrusted with the 
defence of Greece. 

It was his resolute policy to risk a battle at 
once, and he w r on a complete victoiy. Marathon 
has been fairly described as ono of the decisive 
battles of the world. It made Greece for the 
first time into a distinct and consolidated 
nationality. 

A Greek Warrior. The career of 
Miltiades was not destined to be ono of com- 
plete success. Ho was commissioned to under- 
take the conquest of the Cyclades Islands, 
but his attack upon Paros, ono of the islands, 
proved a failure. On his return to Athens 
he was charged with treason to the state in not 
having faithfully followed his instructions. 
It was alleged that his having chosen the 
island of Paros for his first attack was owing 
to hiH desire to gratify some personal hostility, 
and he wan condemned to pay a heavy 
fine. Miltiades was unable to pay this fine, 
and he was therefore thrown into prison. He 
had received a severe wound in the attack on 
Paros, and the effects of the wound, added to 
the troubles of his trial and imprisonment, ended 
in his death. 

A more melancholy close to a career which 
had so splendid an opening has seldom been 
recorded in any history. That was not the 
only example of the kind which we find in 
the records of Greece. The fact that the 
Grecian states were made up to a large 
extent of regions which had, from the dawn 
of their growth, no nationality or fellowship, 
but were brought into union by common 
dangers, or by common ambitions calling for 
combination at some particular moment, may 
account for some of the distressing incidents 
which we find recorded in the story of the race. 
Each of the allied forces had its own local 
sentiments and favouritisms and jealousies, and 
the failure of a leader in any one attempt was 
sure to make him the object of condemnation, 
and often of combined hostility, among the 
peoples or the clans who were not themselves 
in full sympathy with his leadership. Indeed, 
the invasion of Greece by the Persians was pro- 
voked, in the first instance, by one of the 
invading expeditions of the Greeks themselves. 

Persian Invasion of Greece. In the 
opening of the Persian invasion Thrace and 
Macedonia were conquered by the invaders, and 
it was by the efforts of Athens and Sparta in 
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the first instance that the Persians were wholly 
defeated. It may well have been that among 
the leaders of those who had failed to drive 
back the Persians there was a feeling of jealousy 
and rancour against him whom Athens had been 
mainly instrumental in placing at the head of a 
combined army, the more especially as Miltiades 
had come from a Thrasian colony. 

Tho Persians were not so far discouraged by 
their defeat at Marathon as to give up all idea 
of restoring their warlike renown and their 
hopes of subduing Greece. Tho Persians were in 
those days an essentially warlike race, and 
seemed to l)e fired by an irrepressible desire 
to extend their conquests over as much of 
the world as was then known to them. The 
failure of ono expedition only provoked the 
formation of another. Not many years after, 
Xerxes I., who succeeded his father Darius as 
King of Persia, prepared for another great 
expedition against Greece. He formed a large 
army drawn from all regions under his rule, 
and, what will interest the modern reader still 
more, ho actually formed a great lleet. 

The First Fleet. The formation of a 
regular fleet for war purposes was a mar- 
vellous achievement in those days. It is stated 
that Xerxes’ fleet numbered at least 1,200 vessels, 
and that his invading army from first to last 
had more than a million of men. To make 
his way into Greece more easy he threw 
a bridge across the Dardanelles, and had a 
great canal dug in order to save his fleet the 
perilous necessity of sailing round tho promon- 
tory of Athos. Fleets and armies made but 
slow progress in those days, and we are told 
that the passing of boats across the bridge 
occupied seven days and nights. Xerxes poured 
his forces into Thrace, Macedonia, and Thessaly, 
and these provinces or states made no effort 
to resist, but allowed themselves, for the time 
at least, to surrender to the invading power. 

Sparta, however, acted in a very different 
spirit, and made for herself an unfading record 
in the history of the world. Leonidas, the King 
of Sparta, waited his time, and when the Persians 
were about to penetrate the narrow pass of Ther- 
mopylae, in Northern Greece, Leonidas, with a 
force of 300 Spartans and 700 Thessalonians, 
resisted the whole army of the Persians for three 
dap. Then Ephialtes, a traitor to the Greek 
cause, conducted the enemy, or at least a large 
part of their force, by a secret path through the 
mountains, and brought them to the rear of 
the Spartans, who thus, with enemies in front 
and enemies behind, had nothing left but to 
fight to the last. They met their death nobly 
amid slain masses of their enemies. Only one 
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Greek was able to escape and to return to his 
home, and he was received bv his countrymen 
with reproach and contempt for having left his 
comrades and saved his own life. Simonides, 
the famous Greek lyric poet, wrote an elegy on 
the dead Greeks who perished at Thermopylae 
in which, speaking, as it were, from the lips of one 
of the dying heroes, he used the thrilling words : 

Stranger, let Sparta know her song could dio 

Obedient to her laws ; for here our bodies lie. 

Themistocles. The next great struggle 
between the Greeks and the Persians was a sea 
fight in the Gulf of Salamis, near Athens, 480 B.c. 
Themistocles, a great Athenian statesman and 
soldier, who had already accomplished much by 
prevailing upon his countrymen to see that a 
powerful fleet was needed to maintain anything 
like a successful resistance to their invaders, w r on 
a brilliant victory over the Persians — a victory 
which has been celebrated and, indeed, conse- 
crated by unnumbered poets, historians, and 
artists of all kinds from that day to this. 

Themistocles was actually, although not 
nominally, in command of the Athenian squad- 
ron, that squadron making much the larger part 
of 'the combined fleets of Athens and Sparta. 
The Spartan commander had not been inclined 
to await the attack of the powerful Persians, 
and Themistocles had to use all his influence 
indeed to employ some stratagem in order that 
the struggle might take place at once. 

Themistocles became after this victory one of 
the most powerful men in Greece, but his power 
over his countrymen did not hist, and his story 
is one of the too numerous illustrations of the 
mamier in which during those days of early 
Greece the hero of one season has been the 
outlaw of the next. Sparta was jealous of 
Themistocles and his success, and the Spartan 
faction w as still strong in Athens. The Spartans 
did all they could to effect his ruin, and it must 
be owned that Themistocles sometimes endea- 
voured to maintain himself by plots and 
stratagems w r hich do not seem to have been 
quite consistent with pure patriotism. 

His enemies prevailed against him, and he 
was sent into exile — at least, he was banished 
from Athens. It was generally believed that 
the hostility of the Spartans had for its principal 
cause the fact that he had advised the rebuild- 
ing of the walls of Athens on a much larger 
scale, and with far stronger materials than 
before ; and that leading Spartans had assumed 
that this must be a project undertaken with the 
objoct of preventing Sparta from ever becoming 
mistress of the Athenian capital. 

End of Themistocles. Themistocles, 
after his ostracism, or banishment, was removed 
from one place to another, until at last he fled 
into Asia, and was received there with cordiality 
and protection by the then reigning Artaxerxes. 
He seems to have acquired much influence over 
the Persian sovereign, and his enemies in his 
own country did not hesitate to say that he was 
at one time engaged in concerting with Artax- 
erxes plans for the subjugation of Greece. He 
died in Persia some 450 years B.c. Even con- 


cerning the manner of his death there was much 
controversy, for there was a theory accepted 
by many in Greece that he died by his own 
hand. The great English historian George 
Grote describes Themistocles as “ alike vast in 
his abilities and unscrupulous in his morality.” 

During all these struggles with Persia Athens 
was becoming stronger and stronger. She had 
risen to be the leading state in Greece. She 
had w r on the chief honours in the w^ar. She 
had accepted the position of leader in the 
struggle against Persia, and in the greatest 
triumphs over the Persian invaders she had won 
the l>est of the fame. 

Cimon of Athens. Besides the heroes 
mentioned, Athens had sent into the war Gimon. 
the son of Miltiades. Cimon wuis both soldier 
and sailor ; he hod encountered tho Persians at 
sea and completely destroyed one of their great 
fleets, and lie encountered them on land with 
equal success. His military career closed with 
splendid victory, and brought the Persian War to 
an end. His lifo was not without its troubles. 
During the internal quarrels going on between 
Athens and Sparta, quarrels which he sought to 
bring to an end by establishing a friendly and 
complete alliance but- ween the two states, he was 
accused by some among bis own people of being 
an accomplice in the projects of Sparta, and for 
a time ho underwent ostracism, lie was re- 
called, however, to hu former place in tho confi- 
dence of the Atheiiiins, and help, d in obtaining 
an armistice of five years, if bo could not 
obtain an actual alliance, w ith Sparta. After his 
restoration to power, he w r as again put in com- 
mand of a fleet, and lie died while engaged in an 
attack upon a hostile city. It is believed that 
Cimon did not find the manner of death which he 
would himself have chosen. Them can be no 
question that, if lie could have dictated terms to 
destiny, lie would have elected fo d i : ; in a gallant 
fight by some hostile sword ; but the accepted 
belief is that he perished by an ordinary illness. 

The Power of Athens. Athens now 
began to be the leading power in Greece. 'The 
Persian invasion had found Sparta at the 
head of the Greek peoples, but she did not 
long maintain this poution after the struggle 
with Persia had fairly begun. Athens appears 
to have acted throughout the whole of the war 
with a steady and patriotic regard to the 
common interests of the whole Greek race, while 
Sparta would seem to have ever had in mind the 
maintenance of her own superior po- it ion. The 
Athenian commanders, too, proved to tie men 
of the highest military and naval capacity, and 
in this way drew upon themselves the admiration 
of all the Greek peoples. The most signal 
victories over the Persians were won by Athens, 
and thus she came to be, for the time, the queen 
among the Greek states. 

It was not to be expected that under the con- 
ditions then prevailing this supremacy should 
be long allowed to remain unchallenged by 
Sparta. The rivalry had yet to be illustrated 
by a long and severe struggle. Sparta made every 
effort to persuade the other Greek peoples 
that Athens was deliberately planning to obtain 
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the sovereignty of the whole country, and 
appealed to the patriotism of other Greek states 
in order to secure their kclj) towards the 
repression of Athenian ambition. 

Influence of Pericles. The leading man 
among the Athenians at this time was the 
illustrious Pericles. Pericles was horn of an 
eminent Athenian family during the earlier part 
of the fifth century B.c., and had risen rapidly 
in public life as a leader of the democracy. 
In the struggles between Athens and Sparta, 
Athens represented tlio democratic, and Sparta 
the aristocrat ic, clement in the modem accepta- 
tion of these terms. Pericles looked with utter 
disapproval on the rivalries and jealousies 
among the Greek peoples, and ho was ever 
striving to realiso a project of his for the 
creation of a groat federation in Greoeo which 
might bring the peoples into fraternity under 
some system of authority representing all the 
different states. 

Sparta sot herself resolutely against this pro- 
ject, and for the time it came , to nothing. 
Athens and Sparta were already beginning to 
drift towards that great international struggle 
which made so deep an imprint on the history of 
Greece. The climax of the rivalry was post- 
poned for a time by an arrangement of a thirty 
years* peaco between Sparta and Athens, and in 
the meanwhile the influence of Pericles grew 
greater with every day. 

The age of Pericles may be described as the 
greatest age of Athens, the greatest ago of Greece, 
indeed, one of the greatest ages in the world’s 
history. Perieles was statesman, soldier, com- 
mander of armies and flootR, a lover and patron 
of arts and letters, and to him Athens owes some 
of her noblest architectural monuments. The 
traveller from foreign countries still gazes with 
enthusiasm and with reverence on the majestic 
Parthenon, than which the genius of architecture, 
inspired by lofty ideas and pious emotion, has 
never bequeathed to the world a nobler or more 
lasting trophy. 

Athens had then but lately lost iEschylus, 
one of the greatest dramatists of all lime. She 
still had Sophocles and Euripides, tragic poets 
who stand in equal rank ; Herodotus the historian; 
Aristophanes, unsurpassed as a comic and satiric 
dramatist; Phidias, its most renowned artist; 
and Socrates, who holds one of the highest 
plaoes among the great thinkers and interpreters 
of thought in the ancient and modem world. 
It is not surprising that under such conditions 
men from all parts of Greece, and from all 
parts of the world then within touch of Greek 
civilisation, should have streamed into Athens 
os into a sacred city. 

Macedon. We need not entor into a 
minute survey of the various struggles between 
Athens and the other Greek states. These 
struggles gave opportunity in one way or 
another for the development of tho genius 
of such men ns Alc'biules and Epaminondas 
and Pelopidns, and gf Xenophon, at once 
soldier, historian, and essayist. Xenophon 
was the son of a distinguished Athenian offioer, 
and during all his earlier years, up to his 
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manhood, he had been under tho close and 
enlightened influence of Socrates, the greatest 
of Greek philosophers. Xenophon became com- 
mander in the march of the famous Ten 
Thousand, the history of which he has left 
to the world in his “Anabasis.** Ho wrote 
many other books, the most interesting among 
which tell us all that he knew of Socrates. 
But in tho meanwhile troubles of the most 
serious kind were awaiting the Athenians and 
the Greeks in general by the rise of Philip of 
Macedon. Macedon was a kingdom in the 
north of Greece which had been at different 
times undor the protection of Athens, of Thebes, 
imd of Sparta, had been conquered by the 
Persians, and redeemed by tho Greek victory 
of Plata*a. Macedonia had kings of its own, 
and of those Philip II. was the first to make a 
permanent mark on history. Philip was the 
third son of Amyntas II., King of Macedonia, 
and Beomod at one time to have no chance of 
ascending the throne. His eldest brother was 
assassinated, and his second brother was killed 
in battle. The death of his father left to him 
the guardianship of his eldest brother’s infant 
son. Philip was a man of daring ambition, 
and in a short time he contrived to make 
himself sovereign of the kingdom. 

Philip II. It was not unusual in those 
days, where a Royal Family existed, for the 
leading men of a state to select any one actually 
of the Royal Family to fill a vacancy in the 
throne. In this way Philip II. was able to make 
himself King of Macedon. His kingdom was 
threatened with many dangers from other 
states, but his energy and ability succeeded 
in making the frontiers of his realm secure 
against invasion, and his restless spirit then 
began to occupy itself in enterprises of conquest. 
He captured a city in Thrace to which ho gave 
the name Philippi, a place afterwards famous 
in the history of Rome, and associated since 
the days of Christianity with the teachings of 
St. Paul. There were gold mines in the sur- 
rounding regions which gave Philip ample 
means of paying his military recruits and 
extending their numbers, also of buying up 
supporters and accomplices among the popu- 
lations he designed to make his vassals. He 
built a navy and greatly strengthened his army. 

A Prison and a Kingdom. Macedon 
had been a kingdom from the earliest days of 
whioh we know anything, but had played a 
poor figure in the progress of Greece. An event 
which at first seemed a calamity in the early 
life of Philip had given him a singular oppor- 
tunity of cultivating his genius and seeing 
how great deeds were to be done. He had 
been sent to Thebes as a hostage, and while 
there had been received into the house of 
Epaminondas, and had learned from the 
example of that great soldier and statesman 
some lessons in the art of war and in state- 
craft which he afterwards turned to account. 
Thus it was that when he became King of 
Macedon he was already well prepared for the 
career of oon quest and despotism on which he 
had determined to enter. He turned the noble 



teachings of Epaminondas to his own advan- 
tage after a fashion illustrated in many other 
remarkable historical instances. Ho invaded 
Thrace, and was successful for the time. He 
then attacked Byzantium, but hero Athens 
came to the rescue and prevented its oonquest. 

Demosthenes. The Athenians appear at 
that time to have been the only Greeks who 
regarded as a national interest the defence of all 
the Greek states against invasion. Their great 
orator, Demosthenes, saw from the first the 
selfish and ambitious purposes of Philip, and 
devoted all the power of his marvellous 
eloquence and argument to arou o his people 
to a sen^e of the danger which threatened 
them. His great orations, known as the “ Philip- 
pics,** were directed against the projects of 
the Macedonian sovereign. Philip, however, 
made some conquests which helped to remove 
certain of the practical difficulties in his way, 
and the Athenians had to sign a treaty of 
peace that even Demosthenes felt compelled to 
recommend, and helped to negotiate with 
Philip. The Athenians believed themBelvos safe 
under this treaty, and Philip succeeded in per- 
suading them to give him a vote in the 
Amphictyonic Council. This celebrated council 
is described by tradition as having been the 
creation of Amphictyon, a lawmaker of some- 
what mythical origin, and was intended to havo 
the general direction of all the affairs of Greece. 
It was mado up of twelve members, selected 
from among the best and most high-minded 
representatives of the various Greek cities and 
states, and was in fact a sort of Hague Tribunal 
deviled at the opening of history. 

A Wonderful Orator. Philip was able 
to impress the Greek states for a while with the 
belief that his policy was purely patriotic, and 
turned his aggressive projects towards regions 
outside the boundaries of Greece. Domosthenes, 
who now began to understand the designs of 
Philip, rose to a splendid height of eloquence and 
statesmanship in his efforts to prevail upon the 
Athenians not to risk their national indepen- 
dence. Demosthenes was unquestionably the 
greatest orator of the ancient world. His style 
is not florid, is never redundant, but its power 
ol condensed expression is marvellous, and the 
reader feels that no other word was needed 
in any sentence to convey the full meaning 
of the orator. Argument directs the very 
passion of each oratorical outburst, and passion 
itself seems able to lend new force to each 
argument. Philip’s attack on the Olynthian 
state occasioned some of the most powerful 
speeches delivered by Demosthenes, and they 
inspired Athens to take the field in defence. 

Athens did not make any success from 
the beginning of her operations, and it may 
bo that the heart of the Athenian state was 
not entirely with the policy of war. The 
Athenians were easily induced to < omo to term? 
of peace with Philip, terms which Philip made 
especially convenient for himself. Then ensued 
an interval of peace for about four years, so far 
as Athens was concerned, and during that time 
Pcmosthenes devoted himself with all his energy 
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and perseverance to the task of creating an 
anti-Macedonian party in Athens. A defensive 
league was formed in which ‘Thebes and other 
Greek states supported the cause of Athens. 
Philip was equally resolute in the pursuit of his 
own designs, and with the battle of Choeronea 
in Boootia tho independence of Greece came to 
aO end during that part of tho world's history. 

A Great Soldier*s Initiation. The 

victory at Chmronea was brought to its com- 
pletion by a splendid cavalry charge, and that 
charge was lea and directed by Philip’s son 
Alexander, of whom the world was soon to hear 
much more. Philip behavod not ungenerously 
towards his conquered opponents. The Thebans 
were compelled to rocoivo a Macedonian garr.- 
son, and to acknowledge themselves subjects 
of tho Macedonian king, but they wore not 
otherwise treated with severity. From the 
Athenians Philip exacted tho recognition of his 
conquering rule, but ho returned the prisoners 
he had taken, and he inflicted no cruelties 
on his defeated enemies. Wo must not extol 
the clemency of Philip too highly because 
of tho course which ho took after liis great vic- 
tory. His mind was filled with a project to 
make the Groeks his confederates in a scheme 
of conquest of a yet more venturous nature, 
which ho could not hopo to carry out with- 
out the assistance of the Grecian states. He 
convened a congress at Corinth, to bo com- 
posed of delegates from tho groat cities of 
Greece, and when tho congress a-semblod 
caused it to be mado known that Greece was 
to havo a constitution of her own, under 
which complete local freodom was to he given 
to each state, on condition that these states 
submitted to the sovereignty of Macedonia. 
Each Rtate was to enter into a solemn treaty of 
alliance with Macedonia, some cities were to 
receive Macedonian garrisons, and Philip was to 
be commander-in-chief of the whole army. 

The Close of a Great Reign. Then 
Philip announced his purpose to undertake the 
conquest of Asia, and his desire to make his 
great effort as tho representative of tho whole 
Greek federation, as well as of his own kingdom. 
The enterprise aroused much sympathy and even 
enthusiasm among the Greeks. But the career 
of Philip was brought to a sudden close before 
he had made any great advance towards tho 
realisation of his most ambitious plan. He 
had many private onemios in and around his 
own household, and ho was suddenly attacked 
and assassinated while taking part in his 
daughter’s marriage procession. He was forty- 
seven when his life of conquest was thus 
brought to a close. His reign had lasted 
nearly twenty-five years, and during that time 
he had accomplished wonders for Macedonia. 
When he succeeded to the throne it was an 
unimportant stretch of territory, and lie had 
mado himself and his people the masters of all 
Greece. His fame in history docs not, however, 
depend so much upon his own achievements as 
on the more marvellous exploits of his son, who 
will be known to all timo as Alexander the Great. 

Continued 
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By A. J. WINDUS 


The Books of the Firm. We approach 
at length the books used by Bevan & Kirk 
in their business, and it may be noted in 
this connection that the constant and minute 
registration of everything that takes place and 
the tremendous value put upon time are two 
of the distinguishing features of business life. 

It will be convenient if we classify the books 
of Bevan & Kirk under two headings (as 
pertaining either to the show-room or to the 
counting-house), explaining their several pur- 
poses preparatory to resuming our study of the 
firm’s system of bookkeeping. 

Show-room Records 

1. Prioe Book. Register of goods stocked or 
“ carried,” giving manufacturers’ names and 
numbers, short description of the goods, their 
buying and selling prices, and tho “ Call ” 
num hers. 

2. Letter Book. Book with blank numbered 
leaves of specially thin paper, in which out- 
going letters are copied by means of the 
copying-press. 

3. Order Guard Book. Book with blank 
leaves of specially stout, paper, into which are 
jmsied, as they arrive, the orders received. 

4. Temwkaivi Book. Book of stamped tele- 
graph forms, with blanks interleaved. When 
writing out a telegram, a carbon sheet is 
inserted between tho stamped form and the 
blank underneath — a facsimile of the message 
being thereby obtained. The original tele- 
gram is torn out and despatched, whilst the 
duplicate remains for future reference. 

5. Aoency Order Books. These are con- 
structed on tho samo principle as tho Tele- 
gram Book, a separate book l>eing kept for 
each manufacturer. Thus there is one for 
Jones & Co., one for Wm. Smith, and one for 
the Berlin Manufacturing Company. Suppose 
an order comes in from Manchester for goods 
of the Berlin Company’s make. A copy of the 
order, with carbon duplicate, is written out 
in tho appropriate Agency Order Book and 
transmitted to Berlin, and the original order 
is then pasted in the Guard Book, as explained. 

11. Aurncy Commission Book. Register of 
dates, names, and amounts of invoices sent 
out by Berlin Manufacturing Company and 
others for whom Bevan & Kirk act as 
agents for goods supplied in execution of 
orders from Bevan & Kirk’s customeis — 
whether such orders come direct or through 
the agents. 

A certain number of pages in the book 
is allotted to each agency, and care must bo 
exercised to ensure the invoices being entered 
under the proper headings — that is to say, 
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under tho names of the manufacturers from 
whom they come In order that the Agency 
Commission Book shall contain full lists of 
invoices, it is customary when goods are sent 
direct from manufacturer to customer to advise 
the London representatives, Messrs. Bevan 
& Kirk, by sending them either a tissue copy 
of the invoice which has been despatched 
to the customer or the invoice itself. In tho 
latter ease, a copy is made and kept by 
Bevan & Kirk for their own use ; this done, the 
original goes away again on its journey to the 
actual purchaser of the goods. 

7. Address Book. Register of the names, 
addresses, telephone numbers, etc., of the 
firm’s customers. 

8. Stock Order Book. Similar in construction 
to No. 5, but only one book is kept. It 
contains a record of orders for stock given by 
the firm to manufacturers and others. 

9. Box Files. By the uso of these files, one for 
each agency, the correspondence with manu- 
facturers is rendered easily accessible. Quota- 
tions, memoranda, and letters received are 
filed in datai order, copies of replies being 
attached thereto. If, moreover, instead of 
using the Stock Order Book, an order is given 
in a typewritten letter, carbon copy of samo 
is placed on file. 

10. Delivery Book. A book of printed forms 
with counterfoils, used in connection with 
the despatch of goods. The customer who 
takes delivery of the goods, or the carrier 
who receives them in trust to be forwarded 
to their destination, has to sign one of these 
forms as an acknowledgment of receipt of the 
goods therein referred to. 

This summary list is complete so far as the 
show-room of Bevan & Kirk is concerned. 
That being the case, let us anticipate the 
question which may arise in the minds of 
students : “ Why is it the show-room does not 
keep some sort of book in which to enter all 
goods coming in and going out (in other words, 
a slock book), so that it could always be ascer- 
tained what goods were on hand ? ” 

In order to clear up this point, we must tako 
the risk of trespassing a little on our next 
bookkeeping lesson. If wo were to put the 
question to the firm, their answer would pro- 
bably be somewhat as follows : t4 We can tell 
from the invoice book the quantity we have 
lately bought, and from tho day book the 
quantity we have lately sold of any of the 
‘ lines * in which we deal ; and it is tho duty 
of tho stockkeeper to inform us when sizes or 
numbers in a particular stock are running low. 
We ‘ take stock ’ ourselves once a year, or 
oftener, when our accounts arc made up, and 
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we should consider it a waste of time to keep 
a stock book such as you suggest. 

Because Beyan & Kirk do not keep a stock 
book, we cannot bo sure that Brown & Jones 
get along without one. On the contrary, busi- 
ness methods differ, not merely with different 
classes of business, but it may almost be 
said that no two businesses of similar character 
are run on quite the same lines. 

Double-entry. At the same time, there 
could scarcely be a more perfect illustration of 
“ unity in diversity ” than is afforded by trade 
viewed as a whole. The one and only object 
of business is to make money, but this 
single object is pursued by innumerable methods 
and fostered by countless aids. Among the 
latter must be reckoned double-entry book- 
keeping ; and here, again, we have “ unity in 
diversity,** for there is unanimity in regard 
to the fundamental principles of double-entry 
existing side by side with the utmost diversity 
in applying thoso principles. That is why 
some authorities assert, wrongly as we believe, 
that bookkeeping is not an exact science. Cer- 
tain it is that knowing how to keep the books 
of a brassfounder, for example, will not help us 
very much with theatre accounts until we 
grasp the truth that, although the principles of 
double-entry are essential and unchanging, we 
may apply them in any way wo please to suit 
the special requirements of a business. 

The “ Day Book.” Wo need not linger 
over this point, as we may have occasion to 
revert to it ; but a simple illustration may 
l»o helpful. In double-entry it is necessary 
to keep a record of sales. Some business 
men call such record a sales jnvrnah others 
a dny booh , but that does not alter the cha- 
racter of the transactions recorded therein — 
they are still sales, so that this is merely “a 
distinction without a difference.’* If we refer 
to what was said about the entering desk, 
we shall find that some houses copy their 
invoices in a press copy book, and that from 
thence the dates, names of customers, and 
amounts of the several sales are entered in a 
book which in form is a condensed day book, 
but in name is a sales journal. Other business 
houses, as explained, make full entries in the 
day book itself. But there is no real difference. 

It will be remembered that in a previous 
chapter wc considered the petty cash book 
kept by Bevan & Kirk’s junior clerk. Tn our 
study of this book we bad arrived at the point 
where — the expenditure for the month of 
September, 1905, having been analysed under 
various columnar headings — we desired to 
learn how the information thus given could 
be utilised. But there wero “ lions in the path.” 
We were unable to go a step farther in this 
direction until we had grappled with the chief 
principles of double-entry. These have now 
been dealt with. It is too much to hope that 
they have l>een wholly mastered by the earnest 
student, but, at least, he need no longer fear 
them, and a careful scrutiny of the table of 
books used in the counting-house [see next 
page] will clear the way for a general advance. 


Let us take courage from the thought that, 
being now in possession of the broad outlines of 
Bevan & Kirk's system of bookkeeping, all that 
remains is to fill in the outlines properly. This 
is chiefly a matter of learning how to interpret 
in terms of double-entry all or any of the firm’s 
operations. To do thiB successfully we must not 
overlook the important distinction between books 
of original and books of final entry. What is 
meant by “ original ” and “ final ” ? The answer to 
this will be found in the answer to another ques- 
tion. “ What are the books of final entry ? ” Our 
list shows that they are ledgers of one sort or 
another. Ledgers are in a class by themselves, 
storing up information contained in other books. 

The Use of the Ledger. Thus a 
ledger may be described as a storehouse of 
information which is gleaned from other books 
and classified under appropriate headings 
called Accounts. It follows that there should 
bo no items in the ledger except such as have 
been “ poster! ” thereto from the books in 
which they were originally entered. Trans- 
actions should be recorded in the ledger through 
the medium of the books of original entry only. 
There are eight of the latter in our list, and, 
with the exception of the journal proper, each 
book or sectional journal is devoted to a single 
class of transaction. The cash book is for 
monetary receipts and payments (with special 
columns for discount), the invoice book for credit 
purchases, the day book for credit sales, etc. 

A Selection of Transactions. But 
practice is better than precept. With a view 
to testing our ability to express business opera- 
tions in the language of double-entry book- 
keeping, we will take the following selection 
from those which occurred during the period 
from 20th to 30th September las 1 . The in 
formation contained therein lias been collected 
from various books of original entry, and we 
are asked to indicate the books to which the 
items respectively belong. 

September, 1905. 

{a) 20lh. Cheque, £5, drawn for petty cash. 
(/■>) Stamps purchased, 5s. 

(r) 21st. Invoice passed for goods received 

from Ord & Maekay, £57 10s. (id. 
(d) Mr. Allday purchased for cash goods 

value £L 5s. 9d. 

Goods sold on credit as follows : 

[c) Harold Springer, £2 12s. (Id. 

(/) J. Bruce, £11 4s. 8d. 

(g) Aird Bros., £44 9s. JOd. 

(//) 22nd. Received from Brown & Co.. Ltd.. 

cheque, value £10 Is. 9d., in settle- 
ment of their % for £10 0s. lid., 
less 2\ per cent, discount, 5s. 2d. 

(i) Drew on J. Wake for £20 10s. Od., 

at 3 months’ date, in settlement 
of account to 19th September. 

(j) 23rd. Paid from petty cash salaries and 

wages, as per salar^ bonk, 
£11 9s. Od. 

( k ) Paid Rice and Sons cheque value 

£49 4s. 3d., in full of their account 
£50 9s. Od., deducting 2j per cent, 
discount, £1 5s. 3d. 
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A TYPICAL TABLE OF BOOKS USED IN THE COUNTING-HOUSE 

No. 

Postin' 
Conti ac- 
tion. 

Name. 

Explanation. 




BOOKS OF ORIGINAL ENTRY 

1 

C.B. 

Cash Book 

Record of all moneys received and lodged in the bank and of all 
cheques drawn. 

2 

P.C. 

Petty Caah Book 

See definition ante. 

8 

P.B. 

Postage Book . . 

Ditto. 

4 

JL 

Journal 

The functions of this book and the modern system of subdividing It into 
invoice book, day book, etc., will be dealt with in a special paragraph. 

6 

I.B. 

Invoice Book . . 

Journal of goods bought on credit in which is entered (a) number 
and ( b ) date of each invoice, (c) name of creditor, ( d ) amount of 
the invoice. 

6 

R.O. 

Outward* Returns 

Book. 

Converse of No. 5, being a journal of good* returned, in whole or in 
part, by Bevan <ft Kirk to the person* from whom they wore 
bought. Returned empties, shortage* and allowances claimed by the 
firm are also entered herein. 

7 

D.B. 

Day Book 

Journal of goods sold on credit (see remarks on *' Entering Desk” ante). 

8 

11.1. 

Inwards Return* Book 

Converse of No. 7, being a journal of goods returned, in whole or in 
part, to Bevan <fc Kirk by their customers. Shortages and allowances 
claimed by the latter are also entered herein. 




BOOKS OF FINAL ENTRY 

0 

11. L. 

Bought Ledger . . 

Book of accounts of those persons from whom Bevan & Kirk buy goods 
on credit. 

10 

H.L. 

Sales Ledger (or Sold 
Ledger). 

Book of accounts of those persons to whom Bevan <fc Kirk sell goods 
on credit. 

n 

P.L. 

Private Ledger 

Book of private accounts, such as partners’ capital and current accounts, 
loan accounts, etc. Copies of the periodic Balance Sheets and P. and L. 
accounts also appear herein. 

12 

U.L. 

0 oner nl Ledger 

Book containing (a) real or property accounts, such as cash, Btock-in- 
trnde. etc. ; ( b ) nominal or temporary accounts, as trade expenses, 
salaries and wages ; (c) accounts which do not find a home in any 
of the other ledgers. 

SUPPLEMENTAL 

13 


Paying-in Books 

Two bookB supplied to Bevan & Kirk by the Commercial Banking 
Company— the firm’s bankers— to facilitate the payment of money 
into the bank. One Is a town paying-in book for cash, bank-notes, 
town cheques, etc. ; the other, which has paper of a different colour, 
is a country paying-in book for country cheques, etc. These books will 
be described more fully hereafter. 

14 


Cheque Book . . . . 

hook of forms, each bearing an impressed Revenue stamp value one 
penny, issued to the firm by their bankers. Whenever Bevan & Kirk 
desire to draw money from the bank, or to pay an account by cheque, 
they fill out one of these forms for the required sum and sign it with 
the firm-name. The amount is paid by the bankers on presentation 
to them of the form or cheque as it is now termed. 

15 


Bank Fass Book 

Book issued by the Commercial Banking Company showing the state ot 
Bevan Kirk’s banking account according to the bank ledger. 

The book derives its title from the fact that it passes between the 
firm and the bank. Its uses will be explained presently. 

10 

) 


Ledger Indexes 

A lodger index ought to reveal the folio of any and every account in the 
ledger. Therefore, immediately a new account is opened, the full name 
and ledger folio should be recordod in the index under the appropriate 
alphabetical heading. Some indexes are bound up with their ledgers, 
while others are hound up as separate books. It is entirely a matter 
of convenience which method is adopted. For the firm’s Bought and 
Hold ledgers — collectively styled trading ledgers — there is one B.L. 
index and oneS.L. index. These are bound up apart from their ledgers, 
and separately from each other. But the P.L. index forms the front 
part, of the Private ledger itself, and so with the General ledger. To 
avoid continual borrowing of the show-room address book, the 
accountant is in the habit of adding full postal address after each name 
in the trading ledger indexes, but the rule is not to allow addresses 
to appear on the ledger accounts themselves. 

17 


Bill Hook 

The Bill Book actually consists of two books, which we may call P. 
and R. P. extends to about the middle of the whole book ; R. docs 
the Bame, but starts from the other end, the book having been turned 
right over so that P. and R. are upside down to on© another. This 
seems cumbrous, but is, in reality, very simple. The one part of the 
book contains a record of bills of exchange payable (P), the other 
a record of bills of exchange receivable (R.). Bills payable are one 
thing, and bills receivable are another, but for various reasons it is 
convenient to have a compact record of them such as the double 
book Afiords us. Fuller explanation must be deferred until the subject 
of bills compels our close attention. 

18 


Salary Book . . 

Memorandum book showing how the w r et*kly total of £11 t)s. (vide P.C. 
Book) is made up. 

10 


Letter Book 

Took (similar to that described in the Show-room Records) in which are 
copied outgoing letters on counting-house matters only. 
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(l) 25th. Paid postage of parcel to Williams 

Bros., Cape Town, 5s. 

(m) Accepted Henry Norgatc’s draft at 

60 days’ for £55 4s. lid., payable 
at the Commercial Banking Co., 
in settlement of account to 19th 
September. 

(n) 26th. Received and discounted J. Wake’s 

acceptance for £20 10s. 6d., the 
bank’s charge for discount being 
3s., or at the rate of 3 per cent, 
p. a. (sec Pass Book). 

(o) 27th. Paid from petty cash cost of ad- 

vertisement for town traveller, 
3s ; and Is. 9d. for brown paper. 

(p) Mr. Be van drew £5 and Mr. Kirk 

£3 on private account. 

(q) 28th. J. Bruce paid cheque £11 4s. 8d. less 

discount of 3f per cent, for cash, 
8s. 5d. 

(r) 29th. One quarter’s rent of business pre- 

mises., £37 10s. 0d., paid by cheque. 
{») 30th. Received of Jones & Co., cheque for 
£29 8s. 2d., in payment of com- 
mission, £27 6s. 0d., and expenses, 
£2 2s. 2d., to 30th June, 1905. 

(0 Invoice passed for goods received 

from Ord & Mackay, £40 15s. 3d. 
(w) Goods returned by Aird Bros, (wrong 

pattern), £3 7s. 4d. % 

The best way to answer the question, “ Where 
were the above transactions first recorded ? ” 
is for the student to mark down in pencil 
opposite each item the name of the book whence 
he believes it was derived. Take (e) for example. 
Goods wore sold on credit to Harold Springer, 
£2 12s. Opposite this transaction we should 
write down the words “Day Book,” or the con- 
traction D.B., to signify our belief that trans- 
action (e) was entered first in the day book. 
The marking of all the items is recommended. 

The majority of these transactions are of a 
simple character, but one or two may be de- 
scribed as compound, and almost all possess 
special features, so that we work through the 
entire list, beginning with : 

(a) September 20th. Cheque for £5 drawn 
for petty cash. We must conclude that the 
cheque was presented for payment and cashed 
at the bank, because, otherwise, it would not 
have availed for the purpose for which it was 
drawn. Therefore, the junior clerk has received 
£5 paid to him by the bank. With folio 58 of 
the petty cash book, exhibited in a previous 
chapter, open before us, we see at once how the 
junior clerk treats the money thus received. 
He enters it in the “ received ’’ column, on the 
debit side of the petty cash book, thereby 
conforming to rule (o) given in Part IV. But 
for every debit there must be a corresponding 
credit, and, in the present instance, the credit 
will be found duly entered in the bank cash 
book under date of September 20th. 

Note. On page 409, in the “ coinage ” 
column, under Egypt, the line £1 =£E ‘0985 
should read £1 = £E *985. 

Continued 
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By Professor R. 

IN the drainage of country houses some fea- 
tures not met with in towns provided with 
sewerage systems are introduced. The first of 
these are sumps, or soakaways , for rain-water. 
They may he employed when it is not desired to 
store the rain-water. Such a sump consists of 
a pit which is sunk in the soil, and which 
should have a capacity of at least one cubic 
yard, and should bo filled in with hard, dry, 
clean brick or stone rubbish ; it should bo at 
least 6 ft. from the building, and a drain is taken 
from the foot of the rain-water pipe, so as to 
deliver the water into the sump. A small 
chamber may bo 
formed with 
bricks laid dry 
around the end 
of the pipe, to 
ensure that it is 
not choked up 
by the smaller 
material. Each 
pipe may have 
its own sump, 
or two or three 
may deliver into 
one. I n d r y, 
porous grounds 
the size may be 
kept small, as 
the water will 
rapidly disperse 
by percolation, 
but in moist and 
clayey Boils the 
oapacity should 
be large. The 
actual size will 
depend upon the 
amount of water 
delivered by the 
pipe ; no sump 
should be 
formed for this purpose so deep as to reach 
the level at which water Btands naturally in 
waterlogged ground. Wooden butts are often 
used to receive the rain-water delivered by a 
single pipe, but should have an overflow and 
a drain placed under the draw-off tap which is 
usually provid d. 

Cesspools. Cesspools are largo receptacles 
sunk below the ground-level for the reception 
of sewage. They are of tw*o classes, both 
generally circular in plan. Those usually required 
are made watertight* with the bottom of cement 
concrete, walls and domed top of brickwork 
set in cement; or the wall and dome may 
also be in concrete. The interior is rendered in 
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cement and sand [see Plasterer], and in 
damp situations the outside may be sur- 
rounded with day puddle [see Engineering 
for Water Suitly]. The top has an opening 
closed with a manhole cover and a perfora- 
tion for the suction-pipe of a pump, if one is 
used for pumping liquids only. [45] 

The drain which delivers into the cesspool has 
an intercepting chamber close to it. The cess- 
pool, which should be placed at least 100 ft. 
from any dwelling, has a F. A. I. and a V. P. 
carried up a tree or & tall post. Nothing should 
be led into it but the soil-drains from closets 

and the scullery 
sink. The size 
varies with cir- 
cumstances; but 
even a large 
cesspool, if it 
has no outlet or 
overflow (and 
this is not as a 
rule permitted), 
will require 
pumping out at 
frequent inter- 
vals. 

The second 
variety of cess- 
pool is similar 
in form, but is 
built dry— t.e., 
the bricks are 
laid without 
mortar. In 
chalk it may be 
excavated in the 
chalk, and re- 
main unlined. 
Its construction 
allows the 
liquids to perco- 
late into the 
soil, and is only suitable for dry, porous soils in 
situations where there is no danger of con- 
tamination of any source of water supply. Into 
such a cesspool all wastes, as well as sou -drains, 
may be taken, and if capacious it will require 
cleansing only at long intervals. The inter- 
cepting chamber and system of ventilation is 
required, and a small cesspool of this type is 
sometimes provided for bath and lavatory 
wastes where the soil-drains are taken to a 
watertight cesspool. 

Storage TanKs for Rain-water. These 

are employed where separate rain-water drains 
are used. They are constructed underground in 
a manner similar to watertight cesspools, but 
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of much greater capacity. The actual size is 
regulated by the area from which rain-water 
is collected and the rainfall of the locality. 
For every square of 100 ft. of roof drained a 
provision of 8 ’3 cubic ft. must be made for 
each inch of rainfall to be stored, and about half 
this amount from paved yards. The averago 
rainfall throughout England is about in. 
per month but varies considerably in different 
districts and in different months. Where it 
forms the only source of supply the capacity 
for the tanks should be equal to storing four 
months' supply. 

Storage Tanks. The tank [46] may be 
circular or rectangular, and is sometimes lined 
with asphalte. [See Bricklayer.] It may be 
provided with a small catchpit and strainer to 
receive the end of the drain, and to retain any 
solid matter It must have an overflow, 
which, if possible, should be taken to a ditch 
or pond ; if taken to the soil -drain age system 
it must be efficiently disconnected. The tank 
must have a manhole cover for access, and a 
lift or force-pump for raising the water to the 
cisterns supplying the house. The pump must 
be connected to the well with a suction-pipe, 
taken down nearly to the bottom of the well, 
and to the cistern by a delivery pipe. Pipes and 
cisterns for rain-water should be of iron, not 
lead, as the rain-water attacks lead. 

Subsoil Drainage. Subsoil drainage is 
required for draining off stagnant subsoil 
water due to general saturation or to a land 
spring. The drains are laid with the agricultural 
(brains already described. Pipes of 3 in. diameter 
are usually employed ; a series of parallel 
trenches are cut, the drains laid in the bottom, 
and the trenches filled in. The depth of the 
trench varies with the nature of the soil, from 
2 ft. to about 4 ft. 6 in. ; the distance apart of the 
trenches varies usually from 12 or 15 ft. in stiff 
ground, to from 30 to 40 ft. in loose, porous 
ground. The trenches when close are kept 
shallow, and increase in depth as they are 
spaced further apart. 

The ends of the pipes are connected to a 6 in. 
or 9 in. socketed drain, and taken to a ditch or 
pond. The outfall should be open to inspection, 
but closed by a wire grating against vermin. 
Such drainage may be laid with very little fall, 
but any general inclination of the ground surface 
should be followed, where possible, the outlet 
of the main cross drain being at or near the 
lowest level of the land to be drained. 

Failure of Traps. Conditions arise when 
the traps previously described may cease to be 
efficient. The arrangement of a good drainage 
system should be such as to minimise the effect of 
their failure. The principal causes of failure in 
traps are the following: 

1. The water-seal may be forced by an accumu- 
lation of gas on the sewer side if the pressure is 
sufficient. This most frequently happens with 
the main intercepting trap from the collection of 
gases in a sewer. It should not happen with 
gullies if the ventilation of the drains is well 
arranged and kept efficient. 

2. The water in the trap may be evaporated in 


dry weather to such an extent that the seal ceases 
to exist. This happens most often to gullies pro- 
vided to receive surface drainage only from small 
areas. Such areas are often placed directly under 
basement w indows, and, if a gully placed in one of 
these becomes inefficient, sewer gas is liable to 
enter the building through the window. A gully 
in such a position should have, if possible, a 
lavatory or sink waste taken into it. This will 
keep it charged if in frequent use. If this is 
impossible, the most certain method of pro- 
tection is to take the drain from the gully, not 
directly into the main drain, but into another 
gully which does receive such a waste, and will 
not, therefore, be liable to dry up even in a 
prolonged drought. Cullies are not desirable, 
and, as a rule, are not permitted, in the 
interior of buildings. If used in any case, 
the drain from such a gully should on no account 
be connected with the general drains directly, 
but must l)e disconnected as already described. 

3. The contents of a gully may be syphoned 
out. This is caused by the creation of a 
partial vacuum on the inner side of the seal, 
produced by a full-bore discharge in a neigh- 
bouring pipe. The pressure of the air on 
the upper side of the trap may then suffice 
to drive before it the water standing in the 
trap and force the seal, which remains open 
till the trap itself is recharged. This affects the 
small traps of sanitary fittings more seriously 
than gullies, and will be referred to again [see 
Internal Plumber], but the condition may 
arise in gullies. 

4. The contents of the trap may t>e carried 
out by the force of momentum. When a con- 
siderable*. full-bore discharge takes place the whole 
body of water may pass through the trap without 
leaving a sufficient quantity in the trap itself 
to complete the seal. This is very liable to 
happen in the discharge of a flushing tank or 
cistern, and most flushing rims are constructed 
so as to retain a sufficiency of water to recharge 
the trap after the main flush is completed. 

The Placing of Gullies. It is necessary, 
therefore, to bear in mind the possibility of 
the failure of traps, and, in planning drainage, 
to avoid placing gullies in positions where, 
in the event of such failure, sewer gas will 
readily find its way into the building. One 
useful means of reducing the liability to this 
danger is to place the gully not directly under 
the pipe, but at a distance of about 18 in. 
from it. The pipe is arranged to discharge into 
an open channel, which may be formed in 
concrete and lined with cement, or with a 
half-round channel ; but the most complete 
form is the slipper gully [30, page 571]. This is 
an ordinary gully fitted with a special form of 
top, including the channel, which is adapted at 
one end to receive the discharge of one or more 
pipes, and at the other to deliver the contents 
into the gully. When fixed, it should have a 
galvanised -iron grating or wire cover to 
prevent choking with dead leaves or rubbish. 

Ventilation of Drains. An essential 
feature of a good drainage system is efficient 
ventilation, which is required to prevent the 
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accumulation of dangerous gases in the system 
and to ensure that any gas generated in it or 
entering it from the sewer may be discharged in 
such a manner as to be innocuous. Briefly 
stated, the system consists in providing an 
inlet for fresh air (F. A. I.) on the house side of 
tho intercepting trap, the construction of which 
has been already described ; and to provide at 
or near the head or highest part of the drainage 
system an outlet, which is carriod up well above 
the highest window or other owning into the 
building, or, better still, to the ridge of tho roof. 
It is not desirable to carry it up a chimney 
stack, and in no case should it terminate at the 
level of tho top of a chimney flue. When 
there is no fire in the fireplace below, such 
flues often act as inlets to the building, and 
may suck in the gases that we have been at 
great trouble to exclude from the building. 
Between the inlet and outlet 
there must be nothing in the 
way of a trap or other ob- 
struction to impede the circu- 
lation of the air. 

Ventilating Pipe. The 
ventilating pipe (V. P.) [see 
Plumber] may be a pipe of 
lead or iron specially erected, 
but if the soil-pipe from a 
w.c. occurs within 10 ft. of 
the head of the drain it may 
be utilised. Every soil-pipe 
ought to bo treated as a 
ventilating pipe wherever it 
occurs in the system. The 
soil-pipe is cut oft' from tho 
interior of the house by the 
traps of tho w.c. apparatus 
[see Internal Plumber]. 

The V. P. is connected at 
its bottom end to the drain- 
ogo system, and is carried 
up, without any reduction of 
its diameter, as straight as 
possible* All unnecessary 
bends must be avoided, and 
tho top finished with a fixed 
dome or globe formed of copper or galvanised 
iron wire to prevent birds having access and 
building in it nests, which would destroy its 
utility. 

In some cases an exhaust cowl is added to the 
V. P. to assist in extracting the air. Tho pipe 
should be fixed against a sunny wall if possible, 
for in such a position the sun will heat the pipe 
and the column of air within it will be heated, 
rarefied, and tend to rise, setting up a natural 
current of air in tho pipe, while cool air will 
be drawn in through the F. A. I, to replace it. 
But under some conditions this action may 
be reversed, and it is on this ground that the 
head of the F, A. I. is provided with a self-closing 
flap, Lest this should fail, the position selected 
for the inlet should be such that if for a time 
it foroi? an outlet no serious harm may t>e 
done, tt is best placed as far as possible 
from any opening into the building. 

So long as such a ventilation system operates, 
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it is impossible for any serious pressure of gas 
to be created in any part of the drainage system, 
so that the danger of the seal of the gullies 
being forced is obviated, and if the interoeptor 
is forced the sewer gas has a free road to escape 
above the roof level. 

Testing Drains. The laying of the drain 
in straight lines and to true falls should be 
watched during its progress ; it may be tested 
on completion by placing a small mirror in 
the invert of one manhole and a lamp or candle 
in the next ; even a sheet of white paper 
will serve in place of the lamp if the manhole 
cover is open. When truly laid the orifice at 
the distant end will appear in the mirror truly 
centred in the near orifice. 

Water Test. Tho test for soundness — 
that is, the capacity to retain without leakage 
liquids passing through or standing in the drain 
— is made by charging the 
drain with water. It is usual 
to test each length of drain 
separately as laid, and later 
to test the whole system or 
considerable sections of it, 
including tho manholes. 

Drain Plug. For each 
individual length the lower 
end of the drain where it 
enters a manhole is stopped 
by means of a plug or 
stopper. There are two 

principal classes of these. 

One consists of two metal 
plates, the edges arranged 
to form a V joint, and 

capable of being adjusted 
by means of a screw [47]. 
In the V is placed a thick 
ring of rubber circular in sec- 
tion. When the plates arc 
separated tho diameter is 

slightly less than that of the 
pipe to be tested, and it can 
be placed in the mouth of 
the pipe. On turning the 

screw the plates are drawn 

together, the width of the V joint reduced, and 
the rubber band, forced into contact with the 
surface of the drain at all parts, closes the drain 
completely. Where a considerable pressure of 
water is to be used, it is useful to strut this plug 
from the opposite side of the manhole, or it 
may be blown out bodily by the pressure. 

Through the centre of the plug an outlet of 
small diameter is formed, with a tap or 

screw cap by which it may be closed or 
opened. This is used for allowing the water 
to escape after the test is completed. There 
is also a loop or ring to which a cord or 
chain may be attached to prevent the plug 
being washed down the drain if accidentally 
displaced. 

Air-Bag. The other form of plug consists 
of an air-bag [ 48 ]. This is placed in the mouth 
of the drain, and air is pumped into it with an 
inflator till it swells and closes the orifice. 
It is held in position Bolely by friction 




between the bladder and the pipe due to the 
airpressure within. 

The outlet having been closed, the pipe is 
completely filled with water from its upper 
end. If the length of pipe is short and the 
fall slight, a bend may be inserted in the end 
and turned up so that the level of the water 
standing in the bend should be about 5 ft. above 
the level of the outlet. With 
long runs and fairly rapid falls 
the head of water in the pipe 
will be sufficient, and with very 
rapid falls the head of water may 
be excessive, but it should not 
be allowed to exceed 10 ft. 

Filling the Drain. The 
filling is best done by a rubber 
hose, and care should be taken 
to prevent any water passing into the trench. 
When the pipe is fully charged the water- 
level is noted, which may be done by a 2-ft. 
rule. A convenient plan is to use a strip of 
white paper, which may be dipped into the 
water and then stuck against the side of the 
pipe or gully so that the lower edge just 
touches the water. If the water remains in 
contact with the paper with- 
out perceptible movement for 
20 to 30 minutes the drain 
is sound. If (he water is 
observed to fall very slightly 
in the pipe it may be due to 
absorption by the cement in 
the joints, and a fresh obser- 
vation must bo made. If the 
water sinks at all rapidly, or 
continuously, all the joints in 
the drain must be examined 
to find the joint or joints that 
are defective, and any defec- 
tive joint must be made good 
and the tost again applied. 

Withdrawing the Air. If the upper end 
of the pij>e is formed by a gully or by the pan of 
a water-closet it is necessary to see that, the air 
is withdrawn from the upper part of the trap, 
or it will be impossible to till the pipe. This may 
readily be done by passing a piece of bent load 
pipe— J in. will suffice —under the seal, so that 
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become blocked through any temporary cause, * 
so that it is not an unduly severe one. 

SmoKe Teat. The smoke test is usually 
applied to new drainage Bystems to ascertain 
that the ventilation is in proper order. Tho test 
for this purpose may be made with a smoke 
rocket. This is simply a stout paper cartridge 
filled with a special preparation which, on being 
ignited, emits a dense and very 
pungent smoke. It may be lighted 
and placed in the intercepting 
chamber, tho lid of which must 
be at once closed. After a very 
short interval tho smoke should 
be seen to issue from the top of 
tho ventilating pipe, while none 
should be seen or smelt at tho 
fresh-air inlet. 

This test is also used for testing tho soundness 
of the joints of the lead and iron pipes within tho 
building [see Plumber], for if any of these are 
in the least defective, tho very pungent smell of 
the smoke will be at once doteetod. In this case 
tho observer should on no account personally 
light the rocket, as, if he docs so, his nose may not, 
after smelling it in the manhole, be sufficiently 
sensitive to detect it in the 
building. Care must also be 
taken to see that all doors 
and windows are closed, and 
that the smoke, if any escape 
from tho manhole, is not 
admitted diroetly to tho 
building at any point. In 
making this test every room 
in which there is any fitting 
connected directly or in- 
directly with tho drainage 
system should be visited. 

This is a useful test to 
apply to drains and fittings 
that are not new, and the 
soundness of which is uncertain. For either 
purpose the smoke is sometimes generated in a 
special box, and forced into the drain under 
pressure by means of an air-pump. This ensures 
a slight pressure in the system, and adds to the 
utility of the test, but it is not necessary when 
the ventilation alone is to be tested. 
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chemicals is placed through two eyes, and 
held in position by an clastic band. The 
cord attached to the ball when the ferret 
is to bo used is placed in the slot 
below the tube, and the ferret 
can be inserted under the seal, and 
will float on the drain side of the 
trap. A sharp jerk of the cord 
will snap the tube and scatter the 
contents in the water, upon which 
the fumes will be generated ; if any 
defect exists in the pipes or fittings 
the Bmell will be detected. 

The Cleansing of Drains. 
Bclf-cleansing drains are liable to some fouling, 
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and should have occasional attention. In 
case of an actual stoppage of 
tho drain, notice will probably 
bo given by the overflow of one 
or more gullies. If tho stoppage 
is in tho intercepting trap, and 
the cleansing eye is accessible 
by means of a chain, as recom- 
mended, this should bo at once 
removed. This will allow most 
of the water held up in th'j 
system to escape ; the remainder 
must be bailed out, unless the stop- 
page can bo removed otherwise. 

If a stoppage occurs at some inter- 
mediate point, cleaning rods are 
used [51]. They are long rods maclo 
up of short lengths, which can be 
screwed together to make any required length. 
The point of stoppage is located from tho man- 
hole above or below it. If the rods can bo 
worked from the manhole above, the plunger is 
fixed to the end of the rod, and the obstruction 
is pushed down the pipe to tho next manhole, 
and removed. If tho upper manhole is inacces- 
sible from being charged with sewage, the double 
wormscrew is fixed to the top of the rod, passed 
up from below, and screwed into the obstruction, 
which may then be withdrawn. 

The scraper may be UBed for clearing partial 
obstructions in the invert of a drain, and the wheel 
for exploring a drain to locate an obstruction. 
All traps having containers for gravel or similar 
material require periodical cleansing, or the trap 
itself may be blocked. All traps with gratings 
Require to bo cleared of leaves or other obstruc- 
tions regularly, especially in tho autumn. 

It is desirable to flush out drains from time to 
time, but it is useless to do this from a small 
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hose, which will never fully charge the pipe. 
If there is no flushing-tank, a large tub, 
holding 50 gallons or more, should be filled 
and emptied rapidly into the top 
manhole. This will fully oharge the 
outlet and flush out the drain. 

WOE Drainage of Complicated 
Buildings. It has been necessaiy in 
dealing with this subject to illustrate 
the w'ork by plans of a not unusual 
though not very simple type, but it 
may happen that in the construction 
of a large building consisting, it may 
several blocks more or less detached — 
for example, a thoroughly modem hospital 
on an open site — that the drainage of 
I different parts must be dealt with 

H as individual blocks, and that 

a main drain will take tho place 
assigned to the sewer. But no 
new principle will be involved. Each 
block so dealt with, will bo treated 
as if it were an entirely separate 
and detached building with its own 
intercepting chamber and trap and 
system of ventilation. The main 
drain receiving the sow r age from 
these branches will in turn be 
provided w’ith an intercepting 
chamber and trap to cut it 
off from the public sewer, and 
will have its separate system of 
ventilation. 

Level of Sewers. The most serious difficulty 
in dealing with the drainage of any given site 
occurs when the sewer into which the drainage 
is to be taken is at such a level that there is 
difficulty in securing an adequate fall. Tho level 
of the invert of any sewer at any given point, or 
at least at every road manhole, can, as a rule, 
be ascertained by applying to the surveyor or 
engineer of the authority controlling the public 
sewer. 

This should be done in all cases where a 
basement storey or storeys are intended to be 
introduced, or very great difficulties may result 
when the drainage comes to be dealt with. If 
this is done in good time, a little alteration in 
the floor levels may get over the difficulty. 
There are districts where the local authorities 
decline to connect any drain from a basement 
storey with the public sower, on account of the 
occasional liability to flooding when the sowers 
are fully charged. 
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By ERNEST A. CARR 


/CONSIDERING the vast number of town halls, 
^ schools, asylums, public baths, and other 
costly and extensive buildings erected and 
owned by local authorities, it is a little startling 
to discover how few chief architectural appoint- 


ments are comprised in the municipal service. 
The explanation of this curious anomaly is 
twofold. In the first place, the leading county 
and borough surveyors are generally both 
willing and fully competent (as we saw when 
discussing those posts) to prepare complete 
plans, with specifications, for municipal build- 
ings of moderate pretensions, at least ; and 
their services are freely employed in the designing 
of libraries, baths, power stations, and similar 
public structures. When, however, a building 
of special importance is contemplated, or one 
whose planning involves peculiar difficulties, it 
is the very general practice of public authorities 
to organise a competition for a prize design 
amongst qualified architects. A practitioner of 
distinction is engaged to act as assessor, and 
substantial premiums are awarded for the plans 
of greatest merit. The scheme ultimately chosen 
is then carried into effect, under the supervision 
either of the local surveyor or of the architect 


who evolved it. 


In the latter event, payment is usually fixed 
by scale, the terms being often 5 or 7 J per cent, 
of the total cost of erection. When we consider 


the enormous sums of money expended on the 
greater municipal buildings, it is evident that 
local councils are among the most lucrative 
clients of the architect. Such occasional com- 


missions, however, limited as they are to the 
performance of individual contracts, cannot be 
said to constitute municipal employment. 


£700 a year, and this figure probably represents 
the average value of such posts. 

The difficult question of an architect’s training 
will be found fully considered in the course on 
Architecture, and municipal differs so slightly 
from private work that nothing can usefully be 
added he*e on the matter. Within the service, 
as without, the diplomas of the Royal Institute 
of British Architects are of paramount value to 
candidates. 

Aaaiatantahipa. The great excess in 
numbers of architectural assistants over archi- 
tects proper in the municipal service needs no 
explanation, in view of what has already been 
said on the practice of appointing assistants 
where no principal exists. The rate of pay is 
practically the same as for assistant surveyors. 
£120 to £150 is the average salary for junior 
architectural assistants, and £200 to £250 or 
£275 for senior and chief positions. To a young 
architect of student rank, or one who has but 
lately taken his A.R.I.B.A., these figures are 
perhaps sufficiently attractive ; but in weighing 
the claims of public employment ho should not 
lose sight of the unusual paucity of principal 
posts in this branch of the service. 

London District Surveyors. I)es- 
spite their official title, these officers perform 
architectural rather than surveying duties. 
They are, in fact, experienced architects, ap- 
pointed by the London County Council after 
passing a special qualifying examination held 
by the Royal Institute of British Architects ; 
and, although private practice is prohibited in 
respect of new appointments, a number of the 
older members are entitled to practise as archi- 
tects in addition to their official work. Their 


Architects as Public Servants. 

Speaking generally, only the authorities for 
counties and leading county boroughs have 
sufficient work of building and reconstruction 
on their hands to justify them in adding the post 
of architect to their permanent staff, though 
many lesser bodies appoint architectural assist- 
ants to their surveyor or engineer. The London 
County Council, whose position with regard to 
building matters is of unique importance among 
local authorities, has a considerable staff of 
well-paid architectural experts, headed by a 
superintending architect at £2,000 a year. 
Edinburgh adopts the system of proportionate 
payment. Its architect’s emoluments are a 
nominal retaining fee of £50 a year, 3 per C8nt. 
on all new work entrusted to him, and 5 per cent, 
on alterations. Among smaller authorities the 
mode of payment is usually by a fixed salary, 
which may be anything between £400 and £900. 
The Manchester Corporation pays its architect 


duty consists in supervising new buildings and all 
alterations to existing buildings, and to see that 
these are carried out in accordance with the 
London Building Acts. They are remunerated 
by fees according to a statutory scale. The 
value of the position is shown by the latest 
yearly return of district surveyors^ fees, which 
average £925 per officer. 

Clerk* of Works. Shrewd, practical 
men, with a sound working knowledge of the 
building trade in all its branches, are con- 
stantly in request among local authorities for 
the post of clerk of works on the architectural 
or surveying staff. As a rule, the appointment 
is temporary, in name at least, extending over 
a single contract only ; but capable men are apt 
to find it so often renewed as to prove practically 
continuous, and authorities maintaining a Works 
department are able to offer posts of this class 
on the permanent staff. The salary p^id vanes 
from £3 to £5 5s. a week. A recent advertise- 


3 x 


785 



wvn. Mmncc 

ment of an urbandistrict council offered £4 4s. 
weekly to thoroughly experienced and prac- 
tical men (between the ages of 35 and 50) able 
to put in levels, set out, and measure the work.” 

The qualifications needed to make a good 
clerk of works have boon more carefully sum- 
marised by an expert in the following terms : 
“ A man qualified for this position must have a 
knowledge of the different kinds of material, 
such as lime, cement, sand, gravel, stone, bricks, 
etc. He must also know the different kinds of 
earth work for foundations. He must be able 
to check bad workmanship at sight. Also, he 
should have some knowledge of engineering, such 
as the use of the level, and be able to set out 
work so as to chock contractors as to lines and 
levels.” 

Salaries. The London County Council — an 
employer of building labour on a very large 
scale — pays clerks of works on the “ unestablishod 
staff ” a starting salary of £3 3s. a week. A list 
of applicants is kept, from which appointments 
are made as occasion arises. FormR of application 
can be obtained of the Superintending Architect, 
County Hall, Spring Gardens, S.W. The official 
intimation further states that “ there arc also 
vacancies for temporary employment as clerks 
of works during the summer months to superin- 
tend the painting of the schools, and application 
for this class of employment should be mack; 
to the Architect, Education Offices, Victoria 
Emlmn kmen t, W. 0.” 

The system of keeping a list of applicants for 
such occasional posts as that of clerk of works, 
instead of advertising the vacancies, is followed 
by a good many authorities. Qualified candi- 
dates would therefore do well to forward to their 
local councils an application for employment, 
accompanied by copies of recent testimonials, 
without awaiting an invitation to do so. 

Public Analysts. The Sale of Food 
and Drugs Acts, which are designed to protect 
consumers from fraud, imposo upon local 
authorities the duty of procuring and analysing 
samples of food and medicine, and of prosecuting 
the sellers of those that prove to be adulterated. 
Samples taken by an inspector for this purpose 
are submitted by him to a specially appointed 
chemical expert for examination. 

The public analyst, as the municipal chemist 
is officially styled, has a responsible and difficult 
dutv to discharge. Against his professional 
skill is pitted every wile by which clever 
tricksters seek to mask their impostures and 
secure inflated profits. He must be able to 
detect the most cunning methods of admixture 
or dilution, the minutest traces of preservatives 
and colouring matter ; and his methods must 
be as exact as they are subtle, for the result of 
his analysis determines entirely the action taken 
by the council employing him. His smallest 
mistake may have very serious consequences. 
Every day, in courts of law, men are convicted 
of adulteration charges on the evidence of the 
laboratory alone. It is clearly requisite, there- 
fore, that he should be fully qualified for his task. 

To ensure the appointment of none but 
properly trained chemists, every public analyst 
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is required to satisfy the Locsl Govermnent 
Board of his competency. Candidates " must be 
specially qualified in analytical chemistryi 
therapeutics and microscopy; but registered 
medical men, their professional training having 
ensured a sufficient acquaintance with the last 
two subjects, need furnish evidence _ of thei* 
knowledge of analytical chemistry only. 

Qualifications. The Local Govern- 
ment Board’s regulations do not, in so many 
words, insist on any particular degree or diplomat 
for public analysts. In practice, however, 
that body recognises only a single qualification 
as satisfactory, and rarely sanctions the appoint- 
ment of any candidate who is not a Fellow 
or Associate of the Institute of Chemistry, 
and who does not possess the certificate of 
that Institute, granted after examination in thera- 
peutics, pharmacology, and microscopy. 

The diplomas of the Institute of Chemistry, 
and the training exacted of candidates, will be 
fully considered in the Chemistry Course. Wc 
may note here, however, that the special test 
in the Analysis of Food, etc., which is essential 
for public analysts, may be taken either at 
the final examination for the Associateship 
(A.I.C.), of which it forms Branch E t or as a 
separate subject after the Associates’ diploma 
lias been obtained. In the official syllabus of 
the Institute of Chemistry (to whoso very 
courteous secretary we are obliged for much 
useful information on the training of analysts) 
the test is thus defined : 

“ Analysis of Food and Drugs and of Water, 
including the Examination and Analysis of any 
food or drug within the meaning of the Sale 
of Food and Drugs Acts ; the Assay of Alkaloids ; 
the Recognition of Poisonous Chemicals and 
Crude Drugs ordinarily found in commerce and 
hav'ng well-marked physical characters ; the 
Use of the Microscope in the detection of adul- 
terations, substitutions, commonly occurring 
parasites, and impurities in Food, Drugs, and 
Water. 

“ Candidates in Section E are required to 
show a general knowledge of the Therapeutic 
Effects of Chemicals and Drugs, and of the 
quantities which, taken internally, would be 
injurious or fatal to man.” 

Although Associates of the Institute are 
strictly eligible for these posts, it will be found 
that, in fact, there is little chance of winning an 
appointment before completing the three years’ 

“ study and practice of applied chemistry,” 
which qualify for the Fellowship. In the list 
of chemists practising as public analysts the 
initials “ F.I.C. ’* oocur with almost unbroken 
regularity after each name : indeed, nearly 95 
per cent, of the appointments as public analysts 
are held by Fellows of the Institute. Degrees in 
medicine and science are also very frequent. 

Emoluments of Analysts. The earn- 
ings of public analysts vary widely, not only 
with the importance of the area for which 
they act, but also with their individual status 
in the profession. In some instances they are 
paid a fixed stipend ; more generally they 
receive a fee (ranging from 7s. fid. to £1 Is., 



and oc:asionaly £2 2s.) for each analysis 
made, a minimum number of analyses each 
year being assured. A typical instance 
of this method is afforded by a London 
borough which pays 10s. per sample, guaran- 
teeing an annual supply which ensures for the 
analyst a minimum salary of about £420. The 
chemist in question acts also for another 
Metropolitan borough and a provincial district, 
public analysts being neither restricted to the 
service of a single lpcal authority nor debarred 
from private practice ; his income as a public 
officer may, therefore, fairly be estimated at 
£1,000 a year. *■ 

Manchester pays its analyst a salary of £150, 
and in addition fees averaging between £450 
and £500 'a year. This gentleman also holds 
several similar appointments elsewhere. Indeed, 
the same is true of practically every successful 
public analyst. As a result, the earnings of 
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methdd of gaining the speciaf ^xperiehce 
in order to qualify for an appointment. M ; - 
Other Posts for Chemists. Apart from 
the analysis of food and drugs, the most im- 
portant municipal work available to chemieal 
experts relates to the testing of water, gas, 
and sewage. leading positions ^pf this sort are 
well remunerated. The chemist to the London 
County Council, a distinguished expert in 
questions of water pollution and sewage filtra- 
tion, receives £1,100 a year ; and the leading 
water examiner employed by the Metropolitan 
Water Board is almost as highly paid. Chemists 
are necessarily employed at municipal works 
for the supply of gas or water or the disposal 
of sewage, "the salaries of these officers vary 
from £150 or £200 to £700, according to their 
qualifications and the importance of the post. 
For all professional positions of (his class the 
most useful diploma is the F.I.C. Candidates 


EXAMINATION FOR INSPECTOR OF WEIGHTS & MEASURES! 

Examining "Body, 

Subjects of Examination. 


Time amt Place of 

Note. — Only persons already nominated for inspectorships are 

Age Limits. 

Examination. 

eligible for examination. 

Board or Trade. 

1. Dictation. 

2, Arithmetic (simple). 


Standards Department, 

3. Mensuration (plane rectilinear figures and solids). 

£1 10s. ()d. 

7, Old Palace Yard, 
Westminster, S.W. 

4. Elementary Mechanics. 


A knowledge of statics so far as relates to the composition of 
parallel forces, centre of gravity, and the -principle of tin* lever. 


Examinations are 

5. Elementary Physics. 


as required. 

(a) Units, standards, and physical constants. 

(/;) Definition and application of terms and expressions used in 



elementary physics. 

lil years and 
upwards. 


(r) Effects of heat in the measurement ofelength, weight, volume, 
and capacity. 

(tZ) Determination of specific gravities. 

6. Inspection and Verification of Weights, Measures and 
Instruments. 

The mode of testing weights, measures, and weighing and 
measuring instruments, and the various tests prescribed in the 
Board of Trade Regulations. Candidates are required to adjust 
and stamp weights, etc. They arc also examined in the Acts ol 
Parliament relating to an inspector's duties, particularly in 
respect of prosecutions. 


a few leading members of the calling are very 
large, probably from £1,500 to £2,000 a year ; 
whilst those of less distinguished practitioners 
may range between £250 and £1,200. Where 
so small a stipend as the former figure is paid, 
the borough council ofton provides its analyst 
with a properly equipped laboratory without 
charge. Holders of more important appoint- 
ments usually furnish their own laboratories, the 
fees or salary they receive being inclusive. 

For a man of the requisite ability the best 
means of gaining an entry into this fairly 
lucrative and distinctly interesting branch of the 
municipal service is to undergo the training 
necessary to pass the intermediate examination 
of the Institute, and subsequently to enter the 
laboratory of a public analyst of some distinc- 
tion. This will probably involve the payment 
of a premium, or, for a time, service , either 
without salary or at a merely nominal one. 
But th** is the most economical and effeciive 


proposing to specialise in water and sewage 
analysis should take Branch F at their final 
examination or subsequently. 

Whore the supply of gas or water is not muni- 
cipal the local authority protects the interests of 
consumers by frequent tests of quality. For 
this work an analytical chemist is often retained 
at a substantial fee. The gas examiner to the City 
Corporation receives £400 a year, and several of 
the Metropolitan boroughs pay almost as much. 

The London County Council employs a non- 
professional staff of gas examiners, under the 
control of the chief cbemist and hie assistants. 
On passing an examination in practical gas 
testing, candidates are placed on the list of 
relieving gas examiners, and are paid 10s. a day 
when on duty. From this relief staff appointments 
are made as gas examiners on the permanent 
staff, rising by £5 annually from £120 to £150 a 
year. Applications for employment should be 
made to the Chemist, 40, Craven Street, W.C. 
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Inspectors of Weights and Mea- sufficient practical knowledge for the propei 

sures. These officers are appointed by county performance of the duties of an inspector, 

and borough authorities for the protection of While it is not unusual for assistants in Weights 

consumers from loss arising through faulty or and Measures Departments to receive appoint- 

fraudulent weights and measures. Their chief ment or nomination by their local authority, it 
duties comprise the stamping of such weights, is very rare that those outside Weights and 
measures, and weighing and measuring instru- Measures circles obtain such an advantage, 
ments as prove on inspection to be correct, because when local authorities have no candi- 
the seizure of those that are seriously dates in their own employ, they invariably 
at fault, and the prosecution of vendors advertise for inspectors holding the Board of 
for carelessness and dishonesty. The work Trade certificate. 

requires shrewd, keen, zealous men, willing “ At the present time there are upwards of 
to extend their hours of duty for the 500 inspectors of weights and measures in 
sake of paying surprise visits in suspected Great Britain. In Ireland the duties are 
quarters, and alert enough to compass the performed by inspectors under the Royal Irish 
outwitting of that wily and dexterous weight Constabulary.** 

manipulator, the itinerant trader of the streets. There is a good deal of diversity in the salaries 

The Weights and Measures Act of 1904 paid to inspectors of weights and mesures. 
requires that every officer appointed in the Provincial appointments usually commence at 
future, without exception, must be the holder £100 or £120 and advance by annual increments 
of a certificate of qualification issued by the to £150 or £180, with an additional £100 or so 
Board of Trade. This document is gained by for chief positions. The greater authorities, 
passing a theoretical and practical examination, however, are more liberal. The City Corpora- 
particulars of which are given in the schedule tion, for instance, pays its chief inspector 
appearing on the previous page. The standard of £325, and his subordinates £200 a year. Under 
knowledge exacted by that test is modest enough, the London County Council, verification in- 
save in Subject 6 — the actual duties of an spec tors receive £135, with yearly advances to 
inspector’s position — in respect of which the £175 ; and £200 on promotion to the full grade 
examiners’ questions and practical tests are very of inspector, rising by £10 and then by £12 10s. 
properly strict and searching. Examples of the yearly to £300. These posts are filled from the 
papers set in the Board of Trade’s Kxamina- ranks of assistants, whose pay begins at 30s. 
tions can be obtained from Messrs. Eyre & and rises to 60s. a week. Assistants are ap- 
Spottiswoode, East Harding Street, E.C. pointed from the list of applicants kept by 

Board of Trade Examination. Wo the Council, and must, of course, pass the Board 
are indebted to the courtesy of Mr. Howard of Trade’s test before being advanced to in- 
Cunliffo, Secretary of tho Incorporated Society spoctorships. 

of Inspectors of Weights and Measures, for tho Inspectors Under Other Acts. There 
following valuable suggestions as to the character are a few further technical appointments about 
of the Board of Trade examination, and the best equal in value with those we have just con- 
practical means of preparing for it and of sidored, for which no qualifying examination 
entering this branch of municipal employment. is necessary. Such are inspectorships under 
“ The arithmetic and mensuration questions the Shop Hours, Petroleum, and Explosives 
are rarely difficult, but in order that a candidate Acts. Candidates for these posts should possess 
may successfully answer the physics and a fair education and some knowledge of tho 
mechanics questions he should have a good particular statutes concerned. In many of the 
knowledge of elementary mathematics (Euclid, counties and county boroughs a separate 
Books I. to IV. ; Algebra to the Binomial appointment is not made for each class of 
Theorem ; and a general knowledge of the duties. They are undertaken by an inspector 

Trigonometrical Formulae) ; in addition to a already holding office, in return for an 
thorough knowledge of a good text book on increased stipend. That officer is most 
general elementary science. frequently the inspector of weights and mea- 

“ The legal part of the work can, of course, sures. In London, as in other counties 

be learned by a study of the statutes, and of proper, the work under each group of 

the Board of Trade Regulations. The difficult statutes is performed by a distinct staff 
part of the examination is that dealing with of officials, however small. The London 
the candidate’s practical knowledge of tho County Council rate of pay may be 

verification of weights, measures, and weighing taken as typical of such appointments. It 
and measuring instruments. The most satis* commences at £150 a year for men, and rises by 
factory manner in whioh this information can yearly increments of £10 to £250. 
be obtained iB by being personally employed in For women inspectors under the Shop Hours 
the administration of the Acts as an assistant to and other Acts the* initial salary is £100, and 
an inspector of weights and measures. This the maximum £150. Candidates seeking any 
is all the more important, because the examina- of the inspectorships mentioned in the present 
tion is not an open one, the Board of Trade paragraph should lay their claims before the 
only accepting those candidates who are county authority ; but it must be remembered 
appointed to act as inspectors, or such as are that in any one area the total number of such 
nominated by a local authority as possessing posts is small. 

Continued 
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platinum weight marked A, and forming part 
of the said instrument. 

3. The volt. A standard of electrical pressure 
denominated one volt, being one-hundredth 
part of the pressure which, when applied 
between the terminals forming part of the 
instrument marked “ Board of Trade Volt 
Standard, Verified 1894,” causes that rotation 
of the suspended portion of the instrument 
which is exactly measured by the coincidence 


Resistance Boxes. For the purpose of 
the commercial measurement and numerical 
comparison of the resistances of telegraph lines, 
circuits, coils, and conductors, copies of the 
standard resistance and of multiples of that 
resistance are made up in sots assembled in 
resistance boxes. A simple form of resistance 
box is shown in 33. The top of the box is a 
slab of ebonite, upon which are mounted a 
number of brass pieces, separated from one 


of the sighting wire with the image of the 4 another by narrow gaps, but between which 
fiducial mark, etc. brass pegs or conical plugs can be inserted. 

It will be noted that flic standard olim is a so as to connect them electrically together. 


particular coil of wire, while the 
other two standards are balances 
which turn to special marks when 
the standard amount of current 
or of voltage has been reached. 

Fig. 32 depicts a standard one- 
ohm coil, a coil of platinum -silver 
alloy, wound in a fiat double 
spiral, and enclosed in a thin, flat, 
watertight box, provided with 
stout copper electrodes. 

Secondary Standards. From t hi' primary 
standards copies can be made, just as our 
yard-sticks and foot-rules are made from the 
standard yard kept at the Board of Trade. 
Coils having their resistance adjusted to one ohm 
are sold by instrument makers ; and coils that 
have definite multiples of one-ohm resistance, 
from -j (,Y,o ohm up to 100,000 ohms, can also be 
purchased. Amperemeters can be calibrated 
by comparison with the ampere balance of the 
Board of Trade, or arc more often calibrated 
by comparison between the deflection indicated 
on their dial and the amount of current passing 
through them, as com- 
puted by passing it for 
a given time through 
an electro - depositing 
cell where silver is being 
deposited. A current of 
one ampere will in one 
hour deposit 4*0248 
grammes, or about 00 
grains, of silver. As a 
secondary ' standard of 
voltage there is often 
employed a standard cell 
—that is, some kind of 
voltaic cell of which 
the voltago does not 
change with time. Of 
standard cells the best 
are those of Clark and of Weston. Clark's cell 
requires to be prepared with the utmost care 
under very precise conditions. It consists of 
an anode of pure zinc (or of zinc amalgam) in 
an excitant of a saturated solution of zinc 
sulphate, and a kathode of pure mercury in 
contact with mercurous sulphate to serve as 
depolariser. It has an electromotive force 
of 1*434 volts. The Weston standard cell has 
an anode of cadmium in an excitant of cadmium 
sulphate, while the kathode is mercury with 
mercurous sulphate as depolariser. Its electro- 
motive force is 1 025 volts. 
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RESISTANCE BOX 



The resistance coils are inside. 
From each of the brass pieces 
there passes down into the . box 
a stout brass rod, and between 
these rods the resistance coils are 
connected. Each brass plug w T hen 
inserted in its place forms a 
bridge or short circuit to the 
coil below it ; so that if all the 
plugs are in their places any current 
that may come to the apparatus 
by wires attached to the two terminal screws 
will simply pass from one brass piece, through 
the plug, to the next, and so will flow along the 
row of brass pieces without meeting with any 
appreciable resistance. But if any plug is with- 
drawn, then the current will have to descend 
into the box and traverse the coil that has 
thus been unplugged, and ascend again to the 
next brass piece. 

All the coils inside the box need not bo made 
of uniform resistance ; and, in order that the 
experimenter may lie able to introduce into the 
circuit any desired amount of resistance, it is 
expedient that the 
various resistances of 
the coils in the box 
should be arranged 
according to some me- 
thodical plan. In the 
cut [33], the coil below 
the first plug in the 
front row is 1 ohm, the 
second 2 ohms, the 
third 2 ohms, the fourth 
5 ohms. If we were to 
unplug at the same 
time all four plugs the 
resistance thus intro- 
duced into the circuit 
would be 1 + 2 + 2 + 
5= 10 ohms. To in- 
troduce eight ohms we must unplug only three 
of the plugs — namely, 1 + 2 + 5. The remain- 
ing coils are 10, 20, 20, 50, and 100 ohms. So 
with- this series we can introduce any number 
*f ohms between 1 and 200. Thus, to introduce 
80 ohms we should have to pull out the 
plugs corresponding to 50, 20, 10,5 and 1 ohms, 
respectively. Some l>oxes contain more coils 
reading dowm to ^ ohm and up to 100,000 ohms. 
The resistance of each coil is marked on the bo» 
'The coils must be very carefully insulated, 
and each coil is wound back on itself, so thnt it 
exerts no magnetising effect. Fig. 34 gives a 


INTERNAL TARTS OF RESISTANCE BOX 
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v*ew of the actual construction of a modern 
resistance box, dismounted to show the coils. 

Finding an Unknown Resistance. 

[f we want to find how many ohms of resistance 
there are in the wire of any particular piece 
of apparatus, wc can do this with fair precision 
in the following simple way. Connect this un- 
known resistance into circuit with a suitable 
galvanometer and with a battery of a sufficient 
number of cells to produce a current that can 
be measured on the galvanometer. Then 
remove from the circuit this unknown resistance, 
and in its place substitute the resistance box. 
From the box then remove, by trial, some of 
the plugs until the galvano- 
meter shows the same current 
as before, when it will at once 
be evident that the amount of 
resistance so unplugged (which 
can be seen by inspecting the 
numbers marked at the places 
where plugs have been taken 
out) is equal to the unknown 
resistance. 

Wheatstone's Bridge. Jt 

often occurs that the experi- 
menter desires to know the 
resistance of some circuit or piece of apparatus, 
and it may be that this resistance is either larger 
or smaller than that of the coils in his resistance 
box ; or he may wish to find the value of the 
unknown resistance with greater accuracy than 
is afforded by the method of substitution just 
described. To avoid the expense of a very 
large and cumbersome box of resistances, 
recourse is had to a very convenient instrument 
known as Wheatstone' s Bridge. This is a device 
in which the valuo (in olims) of an unknown 
resistance is ascertained by proportion. A 
diagram of this arrangement is shown in Fig. 35. 
In this instrument is adopted 
a grouping of several paths for 
the current ; the grouping con- 
sisting essentially of four distinct 
resistances, which we will call 
Ri, R :t , and R 4 , connected 
up in the manner shown. Thus, 
the current from the battery, 
entering the instrument at A, 
finds two routes, one through R 1 
and Ro to C, and the other 
through Ry and R 4 to C, and so 
back to the battery. Now it can 
be shown that the following 
very simple proportion holds good between 
these four resistances. If the numbers of ohms 
in Rj, R*, Ry, and R 4 respectively, are such 
that Ry is to R 4 as Ri is to Ro (by simple 
rule-of-three calculation), then no current will 
flow from the point B to the point D on con- 
necting these points by a galvanometer. On 
the other hand, if the resistances are not in 
proportion, we shall at once know it, for then 
when we connect the galvanometer across from 
B to D it will indicate some current. So, then, if 
Ry be the unknown resistance, we can ascertain it 
in tiie following way. We must know the respec- 
tive resistances of R 4 and R ,. Then we must 


adjust R* (by unplugging coils) until we get 
such an amount in R 4 that when w r e connect the 
galvanometer across as a bridge from B to I) no 
current runs across the bridge. This process of 
adjusting till no current flows is called getting 
balance. Then we shall know that the proportion 
holds good, and since 

Hi __ Hi 

r; r 4 * 

it follows that 


R ; j (unknown resistance) -- 


R. X 

r: 


Rj 
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38. WHEATSTONE BRIPCE, 
POST OFFICE PATTERN 


Thus, if we had used 1 ohm for R, and 10 ohms 
for IT., and had then found 
that to get balance we had to 
adjust R + to he 254 ohms, w'c 
should know that the unknown 
resistance was 

R ;; -- x 254 = 25 4 ohms. 

Construction of Wheat- 
stone’s Bridge. The two 

coils R | and R.j in the Wheat- 
stone bridge arrangement are 
('ailed the ratio resistances, or 
the proportion coils. They are 
kept constant, during any one tost, and are 
usually arranged so that their ratio has some 
convenient value, such as /<>, or 100, or 1,000, 
so as to save trouble in calculating. They are 
generally made up each of a short row of re- 
sistances of 1, 10, 100, and 1,000 ohms, set up 
at the hack of the box, w ith the necessary plugs. 
By taking out the 10-ohm plug from R,, and 
the 100-oiim plug from we can get the ratio 
of 10 : 100, which is the same as the ratio of 
1 : 10. These four resistances (R,, R^, R ;J , and 
RJarc sometimes called the arms of the bridge. 
The ratio resistances are two of the arms, the 
unknown resistance to be 
measured is a third arm, while 
the fourth arm (R t ) consists 
simply of an ordinary set of 
resistance coils ready to be un- 
plugged. 

In practice the battery and 
the galvanometer are joined up 
all the time — one from A to C, 
the other from B to D ; but 
these parts of the circuit arc pro- 
vided, as shown diagrammati- 
cally in 35, with keys (Kj and 
K.j) to bring them into opera- 
tion as required. The rule is that after any 
adjustment has been made by removing or 
inserting a plug, the battery key (K x ) is pressed 
down, and then the galvanometer .key (K«) is 
pressed down, while the galvanometer is 
observed to see whether balance has been 
attained. 

Fig. 36 depicts a Wheatstone bridge of the 
Post Office pattern. The ratio resistances are 
the two sets of three coils each at the back of 
the box. The front two rows of coils are the 
adjustable resistance. The two keys are in 
front of all. 

Continued 
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DRAWING 


DF in O and draw a semi -circle on DF with 
radius OF. At E erect a perpendicular to DF 
cutting the semicircle in H. Mark off EK 
from E on EA equal to EH. At K erect a 
perpendicular KL, and bisect CD in M by the 
perpendicular LM, which also cuts KL in L. 
With L as centre and radius LK draw the 
required circle. When Hie given line AB is not 
parallel to the line passing through the given 
points C and D, as in this case, two circles can 
be drawn, the centre of the second one being 


at 0 , the intersection of LM produced meeting 
the perpendicular from N through H. 

211. To Describe a Circle Tangent to a 
Given Straight Line AB, and Passing Through 
Two Fixed Points C and D , which are 
Equidistant from the Given Line. Join 
CD and bisect the line in F by the perpendicular 
FE cutting AB in E. Join CE or I)E, and 
bisect it by the perpendicular OH cutting EF 
in O. With 0 as centre and radius GC describe 
the required circle. 

212. To Draw a Circle Passing Through 
a Given Point C , touching a Given Straight 
Line AB , and having a Given Radius (say 

i lN. ). Draw a line EF parallel to AB and 
inch from it. With centre C and radius of 
inch intersect EF in 0. With centre 0 and 
radius OC describe the circle. 

213. To Describe a Circle of a Given 
Radius EF, to Touch Two Converging Lines 
AB and CD. At a distance equal to EF draw lines 
parallel to AB and CD intersecting at 0. With 
O as centre and EF as radius describe the circle. 

214. To Describe a Circle Touching Three 
Given Straight Lines, AB, BC, and CD, 
which Make Angles with Each Other. Bisect 
the angle DCB by the line CE, and the angle 
CBA by the line BF intersecting CE in O. 
From 0 draw perpendiculars to the three given 
lines, then either perpendicular (say GH ), is 
the radius of the required circle, to be described 
with G as centre. 

By this means a circle may be inscribed in a 
triangle. 

215. To Describe a Circle which shall 
Touch Two Given Converging Ltnes AB and 
AC, and Pass Through a Fixed Point D 
Between Them. Bisect the angle BAC by the 
line AE. Join D with A. From any point 
F in AE draw FG perpendicular to AC, and 
describe a circle touching AB and AC, and 
cutting AD in H. Join FH, and through D 
draw DK parallel to HF, cutting AE in K , 
which is the centre of the required circle, whose 
radius is KD. 

216. To Describe Two or More Circles 
Touching Each Other and Two Converging 
Lines AB and AC. Bisect the angle BAC by 
the line AD. From any point E in AD draw 
a perpendicular to AB. With E as centre and 
EF as radius describe the circle touching AB 
and AC. Through G (the intersection of the 
circle with AD), draw HK tangential to the 
circle. Make KL equal to KF , and at L erect 
a perpendicular to AC, cutting AD in M, which 
is the centre of the next circle. Proceed in a 
similar manner for other circles as shown. 
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OBJECT DRAWING 

For further practice in training the eye, and 
to show how to analyse an object to find a 
simple system of construction for drawing it 
correctly,, we will explain the geometrical models 
called the hexagonal and octagonal prisms. 

The Hexagonal Priam. This object 
has a regular hexagon for each of its ends, and 
oblongs for each of its other surfaces, but both 
shapes will, of course, vary infinitely in appear- 
ance according to the point of view from which 
they are seen. In 217 (which is the appearance 
of the prism when the student is directly 
opposite the end, but the object below the 
eye level), a system of construction lines (dotted), 
will be noticed — viz., AD, whioh is parallel to 
BC and EF ; also BF and CE, vertical lines 
through B, F, and C, E, respectively. If GH 
is bisected in K, it will be seen that there are 
four equal parts along AD — viz., AO, OK, KH, 
and HD. These, of course, will not appear 
equal when the object is placed in suoh posi- 
tions as represented in 218-224. 

A view as shown in 218 is a good one from 
which to learn the method of drawing this object. 
Begin by determining the position of the 
comer C with relation to surrounding objects, 
then the direction of apparent slant of the 
edges BO and Cc and their respective apparent 
lengths. From B, C, and c draw vertical lines 
BF, CE, and ce, and determine the relative 
height of CE. Through E draw Ee converging 
with Cc, and EF with CB. Bisect CE in 11, 
and BF in 0. Through G and 11 draw AD 
converging with both CB and EF. Fix the 
position of K by drawing the diagonal BE. 
Make HD slightly — very slightly — longer than 
KH, and AG very slightly shorter than OK. 
The student should consider carefully why 
these are apparently different lengths, although 
in the object really the same. 

Join AB, CD, DE, and FA, which will com- 
plete the apparent shape of the nearer end of 
the prism. Through 1), E, and F draw lines 
converging with Cc. The line Ee intersecting 
with ce determines the height of ce. Through 
c draw dc converging downwards with DC, and 
through e draw de converging upwards with 
DE, and ef converging with EF, thus completing 
the drawing. The dotted lines at the further 
end are put in to show the full construction, 
and that again wo have an instance of the 
further end being apparently slightly wider 
from a to d than from A to D at nearer end, 
but of course (owing to the convergence of Ee 
with Cc) the length of ce is shorter than CE. 
The foregoing method is somewhat mechanical, 
but if the student w ill make careful observation 
from the model, he will find the method an 
excellent proof of the accuracy, or otherwise, 
of his capacity of judging apparent lengths, etc., 
or of guiding or even compelling him to see 
the true apparent 3izes, etc., of the object. 

In 218 it should be obsorved that there are 
four directions of convergence : first Cc, Dd, 
Ee, and Ff converging to the right ; second, 
CB, DA, EF and ef to the left ; third, DC, FA f 



and dc downwards to the left ; and fourth, 
DE, BA, and de upwards to the left. Compare 
218 with 225. which is an incorrect drawing of 
the same view, showing the many usual errors 
made by beginners. Intelligent consideration 
should be given to why 225 is wrong in so many 
respects. The student Bhould place the object 
as indicated in 218, and make careful tests. 

In 220 and 222 notice how BA, DE, and ah 
converge with one another ; also AF with CD 
and cd ; and CB with EF and cb. Fig. 221 
shows the representation when the observer is 
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directly opposite the dotted line LM and the 
object below the eye level. Notice the three Sets 
of converging lines, and that AB is apparently 
smaller than AF, and FE much smaller still. 
In 219 observe the peculiar apparent shape of 
the face ABba. A view like that dhown id 
228 often gives considerable difficulty to begin- 
ners owing to very much foreshortening of tkd 
visible end, but it is constructed just like 218. 
Fig. 224 is also rather difficult because of 
the tilting of the object, but keen observation 
of the model will enable the student to overcome 
such difficulties. 
Notiee that the 
comers E and F are 
not vertically above 
B and C respec- 
tively, and that the 
construction lines 
FH, EC, fh, and ec , 
converge downwards. 
There are also, as 
in 218, four direc- 
t ions of convergence. 

The Octagonal 
Priam. This 
model has a regular 
octagon at each end, 
hut oblongs for each 
of its other surfaces, 
and both shapes 
may have an infinite 
number of appear- 
ances from different 
points of view. Fig. 
226 is an end view, 
and shows how the 
regular octagon may 
he enclosed in a 
s (j u a r e A B C D. 
Then, if the relative 
sizes of B(J and GH 
are determined the 
construction is 
easily made, for A E, 
AM, BF , BG, CH, 
V J , DK , and DL are 
all equal in this 
view. Draw the 
construction lines as 
indicated. 

Fig. 227 gives the 
usual system of 
guide lines. First 
determine the posi- 
tion and distance 
apart of the vertical 
lines AB and CD, 
and obtain the 
apparent height of 
CD. Draw CB and 
DA converging at 
the correct angle 
towards the left, 
thus completing the 
apparent shape of 
the skeleton square 
A BCD. Then by 
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A LESSON IN THE HEXAGONAL AND OCTAGONAL PRISMS 




DRAWING 


careful comparison fix the posi- 
tions of the points G, H , J t and 
K , and through each draw the 
respective construction lines, 
which at certain intersections 
give the positions of the 
comers of the octagon’s 
ajrjtarenl fihape. Join these 
comers by the lines os shown. 
The completion of the drawing 
needs only care in observa- 
tion as regards proportion and 
convergence of certain edges. 
Fig. 227 should be compared 
with the incorrect drawing 
shown in 284, which contains 
very many errors usually made 
by careless observers. By in- 
telligently criticising a bad 
drawing, and finding out why 
it is wrong, a student may 
sometimes learn more about 
the correct way it should l>c 
drawn than if he merely looked 
at a true representation of it ; 
and, moreover, certain prin- 
ciples will be more deeply im- 
pressed upon his mind. 

There is no need to give 
detailed explanations of the 
other representations of the 
octagonal prism as shown in 
228-288, as the draw ings, with 
the dotted construed ion lines, 
speak for themselves as regards 
the method to bo used in 
obtaining the various apparent 
shapes. The student must 
place the prism as indicated 
and draw from the object . Fig. 
229 is the appearance when 
the student is opposite the 
front face but the object below 
the eye lovel. Fig. 280 gives 
the representation when 
viewed from a point opposite 
the lino LM. Fig. 281 shows 
how the drawing should be 
made when seen from a 



OBJECTS PRAWN ON THE SAME PRINCIPLES AS THE HEXAGONAL AND 
OCTAGONAL PRISMS 


point practically opposite the edge Ff. Fig. 232 Application of the Principles in 
show's the draw ing of the difficult view when the this Lesson. It is sometimes difficult to 


near end is much foreshortened, while 233 is 
perhaps more difficult still, as the object is 
tilted upwards directly aw r ay from the observer, 
and particular attention should be given to the 
foreshortening of the near end, as well as the 
correct direction of convergence of certain 
edraa. 


obtain objects which are hexagonal or octagonal 
in shape, but drawings are given in 235-237, 
239, and 240. The objects should, in some cases, 
be placed lying over on their sides, so as to give 
further practice in drawing difficult views, and 
to give opportunities for improving the powers 
of observation to a higher leval of excellence. 


Continued 
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FORCE OF GRAVITY & ITS PHENOMENA 

Specific Gravity and the Methods of its Determination. g 

The Hydrometer and Specific Gravity Bottle. Equilibrium Con( im»\ from 


By Dr. C. W. SALEEBY 


The Force of Gravity. Before we 
consider the importance of gravitation in relation 
to the world as a whole we must pay some 
attention to the facts of gravitation as they 
are witnessed at the surface of the earth. The 
first thing to determine, if possible, is the intensity 
of the force of gravity at the earth’s surface. We 
may measure this by measuring the acceleration 
which gravity produces on any body free to 
move under its action alone. The size of the 
body which we choose for observation is of no 
importance ; the same acceleration will bo pro- 
duced, as we saw in the first chapter, whether 
we choose a feather or a piece of lead. Wo have 
already stipulated that we are to observe the 
force of gravity alone, and therefore the resist- 
ance of the air must be excluded. 

The student is sometimes puzzled to under- 
stand how it is that the acceleration is the same 
whether we choose a massive body or a “ light ” 
one. He argues that the force of gravity is 
proportional to the mass of the mutually attract- 
ing bodies ; if, therefore (he says), the mass of 
the body wo study be increased, surely the 
resulting force will be greater, and therefore 
the body will fall with greater rapidity ? Now, 
until the last clause the student is quite right ; 
certainly, when we increase the mass of the body 
we examine, the force of gravity will be increased, 
but it is increased exactly in proportion to the 
work it has to do. In the case of the small body, 
it has to move only a small amount of matter ; 
in the case of the more massive body it has to 
move a much greater amount of matter, and its 
force is exactly proportional to the mass of 
matter in question ; hence tho velocity which is 
imparted to the two bodies is precisely the same 
in both cases. 

Now, it is possible to determine the intensity 
of gravity by allowing a body to fall and ob- 
serving the velocity which it has gained in a 
second, but this method is exceedingly difficult, 
unless we are to be contented with a very rough 
estimate. 

The method usually chosen depends upon the 
fact that the period of vibration or oscillation of 
a pendulum depends strictly upon the dimensions 
of the pendulum and the intensity of gravitation. 
Experiments with a pendulum are capable of 
great delicacy of observation. 

The Value of Gravitation. The 

intensity of the force of gravitation — that is 
to say, of the earth’s gravitation — is symbolised 
in physics by the letter “ g.” The value of 
“ g ” varies in different parts of the world, for 
the earth is not a true sphere, and thus different 
parts of its surface are at different distances 


from the centre. In the British Isles the value 
of “ g,” as determined by the direct method, by 
pendulum experiment, and by other means, is 
about 32 ‘2 ft. per second per second. This 
phrase is somewhat confusing at first, the repet i- 
tion of the phrase “per second” seems stupid, 
but in point of fact it is quito sensible. The 
assertion is that gravity produces during every 
second of its action an acceleration of 32*2 ft. per 
second — that is to say, its force is equal to an 
acceleration of 32*2 ft. per second per second. 
It need hardly be said that gravity does not act 
intermittently, but continuously ; we use the 
period of a second merely for convenience* The 
value of “g” at the Equator is less than 32 T ; 
at the Poles it is about 32*25. This is equivalent 
to saying that a body is heavier at the Poles 
than at the Equator. The value of “g” at the 
Equator (more precisely represented by the 
figures 32*001) is loss than the figure at the Poles 
in the first place because, owing to the shape of 
tho earth (which is a sphere flatten oil at this 
Poles, or an oblate spheroid), a body at the 
Equator is more distant from the earth’s centre 
than the same body at tho Polos ; and, secondly, 
bocau e of the centrifugal force at tho Equator, 
duo to tho earth’s rotation, which tends to 
hurl the body outwards, and so diminishes the 
apparent force of tho earth’s gravitation. 

Specific Gravity. More for tho sake 
of convenience than because tho subject has a 
logical place here, wo must now discuss the 
question of specific gravity. Tho word gravity 
is here used in a slightly different sense to that 
which has preceded. Tho word specific in this 
phrase is used in a sense frequently employed 
in physics, as for instance, in the phrase ft peri fir, 
heat. This specific gravity is the representation 
of the amount of stuff contained in any substance 
in proportion to the volume of the substance 
taken ; hence it is merely a measurement of the 
massiveness of the substance. Most of us, in our 
day, have been puzzled by the question : Which 
is the heavier, a pound of feathers or a pound of 
lead ? Of course, by the definition, they are 
both of the same weight, but their density is very 
different ; and this gives us the key to the 
meaning of specific gravity, though of course no 
one would attempt to determine the specific 
gravity of feathers. For convenience, it is 
necessary to have some standard by which to 
compare all substances, and tlih standard is 
furnished us by water. 

Distilled water is taken at the temperature of 
4° C., which is its tem[>eraturo of maximum 
density. If, now, we compare the weight 
of a given volume of any substance with the 
weight of an equal volume of water at this 
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temperature, we obtain a figure or ratio which is 
known as the specific gravity of the substance 
we are examining. 

Density. Lot us now consider density. 
The al)solute density of a substance means 
the amount of matter contained in a unit- 
volume of that substance. Hence, if “ m ” be 
the mass, and “ v ” the volume of the substance, 

then its density will be equal to but when we 

determine specific gravities, we are determining 
relative densities. But it is sufficient for our 
purpose to make only relative measurements, 
though what we really want to get at is an 
absolute measurement of the actual amount of 
stuff the substance contains in a given space or 
volume. The reason why the relative measure- 
ment suffices is that, as Newton proved, the mass 
of a substance, or the quantity of matter in it, is 
proportional to its weight ; hence, if we take 
the weight of a unit mass of water at its maxi- 
mum density (viz., when it has the temperature 
above stated) as unit density, then the specific 
gravity of the substance will be identical with its 
density. This proposition may be stated in 
abstract terms thus. The relative specific 
gravity of any substance is an accurate measure 
of its absolute specific gravity, and thus of its 
density. All those propositions depend upon 
the Newtonian proof that weight iB proportional 
to mass. 

Determination of Specific Gravity. 

This offers no difficulties in the case of regularly- 
shaped bodies which we can weigh by the usual 
means — the balance or the spring. But this 
method will not suffice unless the body is of such 
a shape that we are also able accurately to 
determine its volume. When a body is of an 
irregular shape, it is impossible by direct 
measurement to ascertain its volume — that is, 
the amount of space it occupies. It was the 
great discovery of Archimedes that enabled us 
to ascertain without difficulty the volume of an 
irregular body by immersing it in water, and 
observing the degree to which the water rises. 
This is what he did with Hiero’s crown. Not 
only so, a body which is wholly immersed in 
water loses a part of its weight, which is exactly 
oqual to the weight of the water which it dis- 
places ; hence, by weighing the amount of dis- 
placed water we readily ascertain the weight of 
water equal in volume to any body. 

The Hydrometer. The instrument for 
obtaining the specific gravity of a liquid is the 
hydrometer. The principle of this instrument is 
known as “ Archimedes’ principle,” which may l>e 
thus stated. When a body in wholly or partly 
immersed in a fluid, it loses in weight an amount 
equal to the weight of the* displaced fluid. The 
common hydrometer consists of a weighted and 
graduated glass tube, which is suspended in the 
Squid to be tested, and the depth to which it 
sinks or the level at which it floats indicates the 
specific gravity of the liquid. Upon the stem of 
the hydrometer there is marked the point to 
which it would sink in distilled water at 4° C. 
If the liquid be heavier than water, the 
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hydrometer will float at a higher level, and 
nice versa. A great improvement is now effected 
in the common hydrometer by adding to it a 
thermometer in tlie stem. Thus the reading 
which it affords is a reading of the specific 
gravity of the liquid at the temperature simul- 
taneously indicated by the thermometer. This 
is an important matter, since the specific gravity 
of a liquid varies with its temperature. As a 
rule, the addition of heat to a liquid increases 
its volume, or rather, the ratio of its volume to 
its mass— that is to say, it lowers its specific 
gravity. 

Density of Water. A remarkable excep- 
tion to this rule is furnished by water. When 
heat is added to water, at, say, 1° C. (just above 
freezing-point), the water does not expand, but 
contracts ; it goes on contracting until the 
temperature of 4° C. is reached. If the tempera- 
ture bo raised beyond this point, the water 
starts to expand again, thus behaving like all 
other liquids beyond this point. This peculiar 
property of water — in virtue of which ice is 
lighter than water of 1 , 2, 3, or 4° C. — is one of 
the most important physical properties of this 
exceedingly important substance. If water 
behaved according to the ordinary rule, ice 
would naturally be heavier than liquid water of 
any temperature, and would therefore sink, 
whereas, as we know, it floats. This is very 
fortunate, for otherwise the ice formed in cold 
weather would sink to the bottom of lakes or 
seas, which would thus be gradually piled up 
winter after winter by successive layers of ice ; 
but in virtue of the fact that ice, in defiance of 
the general rule, has a lower specific gravity than 
water of a higher temperature than its own, it 
floats, and thus the sun’s rays — when their 
strength returns — are able to melt it. Human 
life would be impossible were it not for this one 
property of water alone. 

The hydrometer is very widely used in various 
forms. It is constantly employed by the brewer 
and the exciseman, who usually call it an 
alcoholometer, since their purpose is to ascertain 
the strength of a spirit. When it is used to 
ascertain the quality of milk, it is called a 
lactometer. The greater the amount of solid 
matter dissolved in the milk, tho greater is its 
specific gravity. Similarly, the physician desires 
to test, by means of tho hydrometer, the specific 
gravity of many of the bodily fluids. 

Specific Gravity Bottle. But there are 
other eases where other means of ascertaining 
the specific gravity of a substance have to be 
employed. There is, for instance, what is called 
the specific gravity bottle , sometimes used for 
liquids, sometimes for solids. The bottle is con- 
structed to hold precisely a thousand grains of 
water at the temperature now familiar ; and the 
stopper of the bottle has a hole through which 
the contents can ooze when the stopper is driven 
home. Supposing, now, we wish to ascertain 
the specific gravity of small shot, we take a 
given weight of the shot and insert it in such a 
bottle already filled with water. The amount of 
water that escapes from the bottle in order to 
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make room for the shot is equal in voln lie to the 
shot inserted. We have already weighed the 
shot, and we now weigh the water displaced by 
it. The ratio of the first weight to the second 
is the specific gravity of the shot. Similarly, we 
may ascertain the specific gravity of a fluid 
which is lighter than water. If, for instance, we 
find that we can squeeze only 715 grains of 
ether into a bottle which will hold 1 ,000 grains 
of water at the same temperature, we are 
able to state that the specific gravity of ^ 
ether is *715, the specific gravity of water |T 
being taken as 1 . For convenience we 1 1 

usually use 1,000 instead of 1, and adapt j ; 

our other measurements to this figure ; thus, jj ; 
the specific gravity of human blood is 1055, ]| j 

of ether 715, and so forth. [See below.] 

In order to obtain perfect results it |!| 
would be obviously necessary to have eon- !<i| 
slant temperature, and to have the pressure, j 
of the various gases within the globe jm 

always the same. Iff 

Here follows a list of some important 
specific gravities : vj 

Solids. vj 


Platinum (rolled) 

22 T Diamonds . . 

3*5 

Cold 

193 Marble 

2*8 

Lead 

11*4 Aluminium 

2*7 

Silver 

10*5 Ice . . 

09 

Iron (wrought) 

7*8 Potassium.. 

0*9 

„ (cast ) 

7*2 Lithium . . 

0*0 

Tin . . 

7*3 Cork 

0*2 

/ 

Liquids. 


Mercury 

13*59 Sea water . . 

103 

Sulphuric acid 

1 ‘84 Petroleum . . 

0*84 

Blood 

1*05 Alcohol .. 

0*79 

Milk . . 

1*03 Ether 

0*71 

In the “ Encyclopaulia Britanmea,” 


Vol. 12, page 541, the reader will find M] 
several hundreds of precise measurements 
of the densities of various bodies. 

Specific Gravity of Gases. Lastly, as 
to specific gravity of gases. The ascertaining 
of this is a matter of more difficulty, but 
it follows the same principles. Our business 
is to determine the relative weight of the 
gas in question and of air ; much better, how- 
ever, is to take the lightest known gas — viz.. 
hydrogen — instead of air as our standard of 
comparison for gases. Relatively ■ 

to hydrogen, the specific gravity ! 

of air is about 14*4, and of °f ~7- 

oxygen 16. One method of 
finding the specific gravity of a 

gas may be quoted. It consists { 

in successive weighings of a brass ~ 

globe to which an air pump can \ 

be attached. The globe is 
weighed when all the air has been extracted from 
it ; it is weighed when full of air, and when full 
of the gas we are examining. Thus we ascertain 
the weight of the air and the weight of the gas, 
and thus the specific gravity. If we an; using 
hydrogen as our unit, we will fill the glol»e, not 
with air, but with hydrogen. 

Centre of Gravity. This is another 
term which must be dealt with here, though its 


HYDRO- 
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treatment involves an interruption in our study 
of gravitation in general. The term centre of 
yrarity is itself open to criticism. A much more 
correct term is centre of mass or centre of 
inertia. It may la; defined as that point about 
which two or moro particles are in equilibrium. 
We have already discussed the question of 
equilibrium, and seen that it depends upon 
an equality in the moments of the forces. Now 
in every body there is a point about which 
1I fT _ it will balance, and this point we call its 
centre of gravity. Some bodies are such 
! that their centre of gravity is really central, 
and these are called cetUrobaric bodies. 

| In the case of a sphere, for instance, 

f whether solid or hollow, the force of the 

I earth’s gravity acts upon it, no matter in 

what position the sphere be placed, just as 
; if all the matter of the sphere were con- 

« 1 1 demand at its centre ; and that centre is its 

||| centre of gravity. A rectangular plate, 

i? again, will be balanced by a thread support- 

2 || ing it at the point where its two diagonals 

-■ li intersect one another ; but in the ease of 

III irregular bodies the position of the centre 

■s ! of gravity cannot be so readily ascertained. 

Now, we have said that the centre of 
.■ gravity is the point where the whole 

* | weight of the substance may be considered 

J as massed ; the body will be in equilibrium 

if this point is supported. Let us, then, 
f pick up an irregularly shaped plate of 
which we desire to ascertain the centre 
of gravity. We hang it up by a string 

P attached to it at one comer, and we find 
that it assumes a certain position. If wc 
prolong downwards to the earth the line 
RO _ of the string, we may be certain that the 

, FK centre of gravity will lie in that line, for 

we have said that the centre of gravity is 
the point around which tin* whole substance 
of the body might be supposed to be massed, 
and upon which the earth’s attraction acts ; 
hence, the centre of gravity must lie im- 
mediately under the supporting string since 
then we will have the earth’s attraction acting 
downwards and the tension of the string acting 
upwards in the same straight line, the two forces 
neutralising one another so that the plate hangs 
steadily or in equilibrium. If, 
now, the plate be hung up at 
J another point and a line bo 

\ drawn upon it in continuance 

of the line of string, the centre 
of gravity must correspond to 

t~\ the only point which this line 

2 and the previous one have in 

common — viz., the point where 
they cut one another. 

Equilibrium. We are now in a position 
to add somewhat to the remarks already made 
on the subject of equilibrium. We said that a 
body is in a state of stable equilibrium when it 
tends to return to its original position after the 
temporary application of a disturbing force, 
whereas it is in a state of unstable equilibrium 
when the temporary application of any new 
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force causes a permanent change in its position. 
We also said that the conditions of stable 
equilibrium are satisfied when a vertical line 
dropped from the centre of gravity of the 
body in question falls within the area of 
ground formed by joining all the points at 
which the body is supported. But having 
considered the question of gravity at further 
length, we are now in a position to state the 
law which determines the difference between 
unstable and stable equilibrium, and which also 
brings the fact of neutral equilibrium into 
relation with them. 

We may say that a body is in stable equilibrium 
when any displacing force tends to raise the 
centre of gravity. Jt is in unstable equilibrium 
when a disturbing force tends to lower it. This 
law is intelligible now, but it would not have 
been so before, for we have come to regard the 
centre of gravity as that point at which the 
whole weight of the body may be supposed to 
be concentrated. Hence the force that tends 
to raise the centre of gravity is doing work 
against gravitation, and, when the force ceases 
to act, gravitation (which never ceases to act) 

} )ulls the body bark to its original position ; 
icnce its equilibrium is stable. On the con- 
trary, the displacement which lowers the centre 
of gravity is a displacement which gravitation 
favours ; and when the displacing force is 
removed the body shows no tendency to return 
to its former position ; there is no force to 
make' it do so. 

The Illustration of the Egg. I/et us 
take the illustration of the egg. The egg may 
Iks balanced for a moment on its point, but 
its equilibrium is unstable because any dis- 
placement- involves a lowering of its centre of 
gravity. If, now, the egg be rested on its 
side we may consider the case of displacing 
forces applied to it in two directions. The 
egg may be rolled along the table by a push 
applied to it at one side. When friction and 
the resistance of the air have arrested its move- 
ment, the egg will come to rest. It iH in a state 
of neutral equilibrium, for, assuming that the 
yolk of the egg is centrally situated, the centre 
of gravity of the egg has neither been raised nor 
lowered by this displacing force. If, however, • 
we attempt to tilt up the egg by Applying the 
finger at one end, we find that so far as such a 
force is concerned the egg is in a state of stable 
equilibrium, for now we are attempting to 
raise its centre of gravity, and as soon as the 
displacing foree is removed the egg returns, 
after a few oscillations, to that position of 
stable equilibrium in which its centre of gravity 


is as low as possible— that is to say, the position 
the retention of which is favoured by the whole 
force of gravitation. 

Equilibrium in Boats and Ships. This 

principle is not infrequently a matter of life and 
death. Let us take, for instance, the case of acci- 
dents in a rowing boat. Why should the stability 
of a boat be affected when one of its occupants 
rises ? Why should fatal accidents often occur 
when two of them rise at once ? The answer 
is that the centre of gravity of the whole 
system, boat and contents, is raised, and it is 
of course raised higher when two of the occu- 
pants arc standing than when one only is 
standing. The higher the centre of gravity of 
the system, the more likely is a slight oscillation 
or displacement to swamp it. 

Let us now take the case of a floating ship. 
Tt has its centre of gravity ; it also has what 
is known as the centre of buoyancy*, which is 
the centre of gravity of the water which is 
displaced by the ship. The weight of this 
displaced water is one of the forces acting upon 
the ship, and it acts upon the ship at the centre 
of buoyancy. Now, when the ship is floating 
on an even keel, its centre of gravity is above its 
centro of buoyancy, but the two are in the 
Ramo vertical line, which is the middle line of 
the ship [1]. 

Now, when the ship is tilted [2] its centre of 
buoyancy is shifted to one side of the centre 
of gravity. The weight of the ship acts still 
through the centre of gravity [G], whilst the 
re-active pressure or buoyancy of the displaced 
water acts vertically upwards through the new 
centre of buoyancy [B], in a line which cuts the 
middle line of the ship at the point M ; this 
point is called the metacentre. The essential 
for the stability of the vessel is that the meta- 
centre be above the centre of gravity ; so long 
as this is so the weight of the ship and the 
buoyancy form what is called a couple , which 
tends to right the vessel. If the metacentre 
were below the centre of gravity, the couple 
would tend still further to roll the vessel over 
Hence, a ship must be so constructed that when 
she is displaced the centre of buoyancy comes 
to be at some distance from the middle line, 
and the metacentre well above the centre of 
gravity. The object of putting ballast in a 
vessel is to lower the centre of gravity. The 
removal of the ballast is thus equivalent in 
result to standing up in a rowing boat. 

* ThiB is situated, of course, nowhere in the displaced 
water, but at some point in the ship. 


Continued 
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RAILWAY AND MINE SURVEYING 

Setting out Curves and Sidewidths. Explanation 
of the Use of the Clinometer and Circumferentor 



By Professor HENRY ROBINSON 

IT is now proposed to explain a few methods 1. With chain 

* of surveying more or less applicable to 2. With tlieoi 

particular branches of work. ,'L With two 

Railway Surveying. The details Chain and 
necessary for preparing plans and sections of a method with chair 

proposed railway line in this country are dealt is shown by 50. 

with in another course, on Parliamentary commences is call 

Surveying. The subject of railway surveying shown at A. A 1 

is itself a large one, embracing as it does the tangent line, and ai 

preliminary survey, or reconnaissance, for a in the illustration 

railway in unexplored countries, where the maps, line AH at H. A 

if any exist, are inferior, to making the final method of fixing tl 

survey and setting out the line. The positions end of the chain ui 

of the centre lines with regard to one another, at the end of L. 1 

and taking the levels in order to fix the gradients until the other end 

of the line, are carried out by the methods when quite tight 


already explained. 


/ \ * * 
R + 2 AO h 0 = A + L 


It must be assumed for 
the purposes 
““ of this course 

c that the 
general route 
»\ is determ in - 
V MCAWLV <‘d, ant l that 
’ ,+ L it is necoss- 

vt "* ary only to 

" 1 S fix the posi- 

0= 2 a tiotl of the 


NOW DMA W CHORD A ■ AND 


■ lav orr a tangent to i 


DRAW THE CHORD BO THEN C 0 = 0 
BC BISECTS THE ANCLE OBC AND THERE F ORE 
■■SECTS C 0 

HENCE CP » 2.0 


50. CHAIN AND OFFSET METHOD / 

centre line of the railway, to / \ / 

till in the curves, and to peg \ / 

out the positions where the \ / 

banks ana cuttings will appear on the \ / 

surface of the ground. \ / 

In this country, w r here the Ordnance \ / 

maps are good, and contour lines are o\/ 

shown, a sufficient approximation as to 

the general route can very often be made ^1. second method 
from them, with perhaps a few levels at the most lines results 
important points, care being taken to interfere as in their in- 
little as possible with existing works. The main tempting at 

point is to get the most direct route with as little a point 

cutting, embankment or tunnelling as possible, where the 

without sacrificing directness from point to angle of in- 

point. If cutting be necessary it should as ter section 

nearly as possible equalise the stuff required may l>e ob- 

for embankment. The steepness of the gradients served, 
and the sharpness of the curves must depend to Referring 

a great extent on the purposes for which the to 51, LM 

line is to be employed. and LN are 

In the event of the ends of tw r o lines having the tangent 

to be joined by curves, one of the three follow - lines which 

ing methods may be employed : intersect at 


1. With chains and offsets 

2. With theodolite and chain. 

.*b With two theodolites*. 

Chain and Offset Method. One 
method with chain and offsets is sufficient, and 
is shown by 50. The point at which the curve 
commences is calk'd the tangent point , and is 
shown at A. A length, L, is set off along the 
tangent line, and an offset () (calculated as shown 
in the illustration), is measured, meeting the 
line AH at H. AH is made equal to L. The 
method of fixing the point B is to pin down one 
end of the chain at A, and one end of the offset 
at the end of L. The chain is then swung away 
until the other end of the offset and the chain, 
when quite tight, coincide', which fixes the 
point H, or the lira! point on the curve. 

The bottom part of the figure shows how all 
succeeding offsets are taken, and that the second 
and all following offsets are twice the first 
one. 

Theodolite and Chain Method. The 

simple method of ranging railway curves by 
moans of tangential angles , set out by the theo- 
dolite and chain, will now be treated. 

The illustration [52] gives the relations 
between the various factors in calculating the 
tangential angle. The length of the 
chord is called L. and the radius of 
the curve R. When it is required to 
j X. set out a curve of any particular radius 

" — between two straight lines it 
is necessary t-o find first the 
Xv two tangent points at which 
/ \ the curve starts. The pro- 

/ ductionof these two straight 


A * TANGENT POINT 
AC = CURVE TO BE SET OUT 
AT = TANCENT AT A 
O = CENTRE 

OA = OB - OC ~ RADIUS OF CURVE 
AB = CHORD = BC > 

AOB ~ L AT CENTRE * 

TAB = TANGENTIAL L IFormula . Bine * 
UBC - DEFLECTION L l-AOB L atCcntrei 
TANCENTIAL L T A B = AT CENTRE 
AOB & ALSO £ DEFLECTION L UBC 
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OfWL INOINUIKINO 


£ MLM ■ £ ( 
£ ML# = ^Z 


z or MTtmccnoN 


n - * 
om * r 

ML ■ TAN* . 


ixncth or tancent the point 

£ mlm ■ c or w mrw cnow L. M and 

4 ml# ■ «« v ■ Jr N are the 

mT * tan. tangent 

• ’• w T *"' Ml * Tm&t or« ot * and MLN 

the angle 
of inter - 

0I8TAMCC FROM POINT OP INTERSECTION TO HPCtion. 

MIODLE OP CURVE * LQ MQN is 

IQ-LO-OQ Jag .cortex theourve 

. to be set 

. . LO - OM COSEC X out. OM 

COSCC X ~ ()V 

HENCE LQ« r coscc x - r , 

* r (coscc x - /) r ,^ 1UB of 

theourve. 

58. LENGTH OF TANGENT, ETC* qq ie 

thod of calculating the lengths of the lines 
LM and LN is shown in 53. 

The calculated length of the tangent line is 
set out each way from the point of intersection 
L [51], and stakes are driven in 
at the tangent points M and N. 

Next we must find Q [51]. A 

The method of calculating this / / 

is shown on the lower part of / / 

58. This point is set out with / /£ 

the theodolite by bisecting the / 
intersection angle, and ranging j 
it in with the instrument. It I / abandbdai 
is usual to set out part of the / /X • AB 
curve from each tangent point / andzbac* 
to minimise errors of lateral * alsoacd* 

deviation being put in at UPTHC0 ' K 

equal intervals all along the tile scope oi 

curve or centre line of the rail- ancleacd a 

way, say at every chain. If line co set u 
these pegs are kept at the even ancle* to contu 

chains it follows naturally that 55 rASSTNO 
the tangent point rarely coin- 


to twice the 
first, one end 
of the chain 
is held at the 
peg just 
fixed, and the 
second point 
is found. 

It often 
happens that 
some obsta- 
cle, such as 
a wood or 


LENCTH OP CURVE MON = / 


RAOHiS e R 

/ or HITCMCCTION *22 
CmCUNPENENCE OTA CIRCLE < 


,. „ OUAORAHT * i «ZTlr*Q£ 

I.C. LENCTH OP CURVE SUBTCNDMC £ OP 90° * Tfr 
£ MON SUBTENOCO RV CURVE MQN * I80°- ML ^ 


: ¥ (ieo # -2x): 90° 


T BEING IN MINUTES 


54. LENGTH OF CURVE 


hTOUUU. XL UllLU - ’ 0 ' 

MQN is happens that * B 

the curve some obsta- ( * vr AHD 90 ® e 5400 » 

to be set cle, such as . f B j7rjwoo^ iUT 77 Bt000 

out. OM a wood or *** 000582 

ON *= hill, prevents / «*ooo582*r(540o-x) 

radius of the whole of r BE, " C "*- MUTES 

thecurve. a curve be- 54. length of curve 

The me- ing set out 

the lines from the tangent points. Fig. 55 shows how 
to range a new tangent point 

r from any point on the curve. 

The point of intersection is 
frequently not accessible, so 
that its position has to be cal- 
culated trigonometrically, and 
the tangents determined in the 
same manner. Fig. 56 shows 
how this may be done. 

The directions of the tangent 
lines are known. Any two points, 
J and K, are chosen, and the 
T • AD 1 distance chained. The distances 
andzbaozbca ja and KB are ca l cu i a ted, as 

shown in the illustration. They 

sr, up theodoli ti* at C aho om«T f re ^ .Chained, and the 
tile scope » A, AUU then set out tangent poults A and B fixed. 
ancleacd and from the tancent The curve is then set out as 
line c o set up further ianccntial explained previously. 
ncle* to continue curte alohc ef Method by Two Theo= 

>5. passing obstacles dolltes. The third method of 
setting out curves by two thco- 


r A B AND BO ART TANCENT LINES 
£ AB *• BC 

amdZBAC-ZBCA 
ALSO AC D * 180 -BC A 
« 100 - BAC 

SET UPTHEODOLITE AT C AND DIRECT 
TELESCOi* ON A , AND THEN SET OUT 


ANCLE* TO CONTINUE CURVE AlQNC EF 

55. PASSING OBSTACLES 


eides witli one of the chain pegs, and therefore dolites, one set up at each tangent point, is 
the first ppg at each end is only a fraction of a illustrated by 57. 

chain from the tangent point. B and C are the tangent 

It therefore becomes necessary * — ■ r points. The telescope of the 


1 1 therefore becomes necessary 
to calculate the length of the 
eurve in order to make the 
pegging out from both ends 
coincide in closing in the 
eurve. The method of doing 
this is shown in 54, and 
Rerves as an excellent cheek 
on the work. 

It now remains to be seen 
how these various factors are 
set out. The theodolite, after 
being used at L for finding 
the intersection angle, and 
the middle point of the curve, 
is removed to M or N, and 
after being set up, is sighted 
on to L, and tne first tan- 
gential angle is taken. One 
end of the chain is then fixed 


j K = so* 

ANCLE A J K (OBSERVED) = (2 2V 


B and C are the tangent 
points. The telescope of the 
theodolite at B is directed 
to C, and the tangential 
angles set out from BC, while 
the tangential angles are set 
out from OF by the theodolite 
at 0. The intersection of 
these angles fixes the various 


!// M L (DEDUCED FROM 

f ABOVE! = 94° 58 

JL LJ* I 383) CALCULATED 

7 4 LK = 2 598) BY FORMULA 

//? / SIN. A _ 9N B - SIN C 

T s TANGENT = RCOT^- = 3667 CHAINS 
J A S (T - LJ 1=13 667-1 383 1=2 284 
KB =<T - LK|=( 3 667-25981 = I 069 
A&B TANCENT POINTS 
(CURVE-. SET OUT FROM TANCENT 
UNES N USUAL WU) 


=152* 5 / points on thp curve, as A lf 
Ao, etc. 

= 9 / r ~ 8 After pegging -out the centre 
line of a railway, the “ side 
widths,” as they are termed, 
have to be set out to indicate 
chains the ground that will be occu- 
2 284 pied by banks or cuttings 
1069 when the line has been con- 
struoted, which will depend 
^ on the depth of the cutting. 

or the height of the bank, and 


at the tangent point, and the 56. intersection PorNT inaccessible the ratio of slopes of the sides, 
other end is moved until the Fig. 58 shows a practical 

cross hairs of the theodolite cut the peg held at method of doing this. The point C is the centre 
the end, which gives the first point on the of this particular section. It is required to find 
eurve. The next angle is then set out equal out where the side slopes of the cutting will out 




57. TWO THEODOLITE METHOD 


the surface of the ground* Jftrst assume the 
ground to be horizontal as BO, and compute 
the half width. In the illustration this would 
be 18 ft. for the half formation width (AB) f 
and 40 ft. for the slopes (for a depth of 20 ft. 
with slopes of two to one), making altogether 
58 ft It is obvious that, for sloping ground, 
this width will be greater on one side than on 
the other. Taking the lower side, an approxi- 
mate point is chosen and fixed by measuring 
down the slope some distance less than 58 ft. 
The difference of level of this point and the 
centre point 0 is found. This difference of 
level multiplied by the ratio of slopes (2 to 1) 
will give a figure to be subtracted from the 
calculated 58 ft. to give another trial point. 

One or two 

^ V r trials will 

g e n e r a 1 ly 
suffice. In 
the case of 
the uphill 
side, the 
amount 
found by 
the differ- 
ence of level 
of C and 
some chosen 

point greater than 58, multiplied by the ratio 
of the slopes, must bo added to 5S. 

As an example, let us suppose that the staff 
had been held at E, the correct point, and that 
the distance measured was 54 ft ; then the 
difference of level between C and E was 2 ft. 
This multiplied by the ratio of slopes (2 to 1 ) = 
4 and 58-4=54, the point already chosen. In 
the case of embankments the exact opposite 
would occur, as the too of the bank would cut 
the uphill side at a less distance from the centre 
line than the down- 
hill side. An instru- 
ment which is useful 
for determining the 
slope of the ground 
is the Clinometer. 

Clinometer. 

This useful hand 
instrument [59] is 
for determining the 
slope of the ground 
or the angle it makes 
with the horizon. 

From the illustra- 
tion it will be seen 
to consist of two 
arms jointed at one 
end and provided with spirit-levels (L), the 
top arm having “ sights ” (SI and S2), through 
which the inclination is observed. The value of 
the inclination in degrees is taken from the 
graduated scale (A), and* the gradient is directly 
obtained from a table (P) marked on the side 
of the lower arm.* 

* For example, a reading on the scale A = 6° the 
ftt will be found from the table (P) to be 1 in 9*6. 
le side of the lower arm Is a table giving the 
prfr yard lor angles up to 4&». 
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Min© Surveying. In carrying out sur- 
veys underground a few special arrangements 
have to be adopted to ensure that accuracy 
which is of the greatest importance,' The 
survey is necessary, not only as a record of 
existing works, but also to enable extensions 
of the headings and workings to be planned 
with regard to the minerals to be mined. In 
mines in this country the chain of 66 ft. is 
usually employed for measuring the survey 
lines, which are fixed by means of traversing. In 
making underground* surveys by traversing 
with the magnetic needle, care must be taken 
that no disturbance of the needle is caused by 
the proximity of metalliferous substances, 
either the ore to be extracted, or rails, trolley 
lines, etc., in the workings. Where such causes 
of disturbance exist, the Tines have to be set out 
by angular observation rather than by magnetic 
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59 . CLIN OMETER 


58. SETTING OUT ON SIDEIONG GROUND 

bearings. An instrument that has been em- 
ployed largely for underground traversing is 
the circumferentor, or miner’s dial. 

Circumferentor. Fig. 60 is an illus- 
tration of a circumferentor, or minor’s dial, 
manufactured by Messrs. Trough ton and Simms. 
In the simplest forms the telescope and thf 
vertical limb are omitted, and two vertical 
vanes, similar to the prismatic compass, arc 
employed instead. The instrument illustrated 
is capable of being levelled by the screws (L), 
and the bearings of the lines are rend by means 
of a vernier in the 
dial (I)), which has 
also a magnetic 
needle enclosed in 
it. Vertical angles 
are read on the 
limb by raising or 
depressing the tele- 
scope. 

Lighting the 
Lines. Owing to 
the surveys having 
to be carried out in 
the dark, various 
arrangements have 
to be adopted for 
lighting the lines. 


sir 

rlsfe in 


For long survey lines, a candle flame is the best 
object to sight, but care must be taken to shield 
it from draughts. When, however, the lines 
are short, sights are taken to a plumb-line 
suspended from the station point. In collieries 
where the risk of explosion from fire-damp has 
to be considered, the 9afety-lamp is employed, 
and should be supported on a tripod, which can 
be levelled in order to get it horizontal. In 
many cases the traffic of trolleys to and from the 
faces in tunnelling renders it desirable to mark 
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all station points used for the alignment on the 
roof or overhead timbering, and to suspend 
plumb-lines therefrom, so that a line can be 
i a produced or a sight 
taken with a theo- 
dolite or circumfer- 
entor. 

Garforth’s 
Method. Fig. 61 
shows a device for 
rapidly sus- 
pending a line 
and adjusting 
its position 
precisely under 
the station point, and 
was the invention of 
Mr. Garforth. The 
plumb-bob is sus- 
pended from a ter- 
minal carried on 
gimbals, like a ship’s 
compass. 



61. 

FIXING STATIONS 
UNDERGROUND 


and arranged to move in two direc- 
tions when operated by rack and 
pinion gear. The terminal ends in a 
point, which is directed upwards on 
to the station mark. One of the 
most difficult operations is the trans- 
ference of a base-line down a shaft. 

The method of using two plumb-lines 
of steel or brass wire, with heavy 
weights hanging into tubs of water or 
oil to retard vibration, is usually 
adopted. The vert ical measurements 
are made with steel tajics or rods. 

In inclined shafts the rod method is 
preferable. 

When using a steel tape for very 
accurate work, the temperature of 
the surrounding air should be 
observed, and also the tension of the 
tape. A spring tension dynamo- 
meter attached to one end of the 
tape affords an easy way of 
ensuring the same tension at each 
measurement. 

Transferring Stations 
Below Ground. Fig. 62 shows 
one method of getting a station from the surface, 
Wow ground. By this method a board is firmly 
nailed to the shaft, and is provided with an 
iron plate and dips, which are clamped to the 
board. The plate can be gently moved under 
the clips by tapping with a hammer. The 
plumb-line is suspended over the plate, as 
shown, and its position fixed by ranging it in 
line by means of a theodolite set behind it, and 
adjusted on to a point on the line above ground, 
which it is required to produce below ground. 
A similar arrangement is fixed on the other 
side of the shaft, and the line thus set out can 
be produced below ground. Great care is 
necessary in producing these lines, on account 
of the shortness of the base available. In the 
event of there being two shafts connected 
together, a plumb-line can be taken down each, 
and the station at the bottom fixed. They can 





then be connected together by traversing both 
below and above ground. When taking sights 
to a suspended plumb-line, it is necessary that 
all vibration should have ceased. The sight 
must be kept on the wire for some length of 
time, in order to be certain that the point is 
the correct one and not some other than the 
vertical taken up by the very slow vibration 
of the wire that is nearly imperceptible except 
by long observation. Iron plumb-bobs have 
been known to be drawn by induoed magnetism 
in iron in the vicinity, and to make the line 
leave its vertical position. This can be prevented 
by using brass bobs. 

As an instance showing how errors may occur 
through the transference of lines down deep 
shafts, the following is an extract from an article 
in the “ Engineering and Mining Journal ” of 
April, 1902, on the divergence of long plumb- 
lines. “ The plumb-lines were used to transfer 
an azimuth from the surface to an underground 
level, and were 4,250 feet in length. They con- 
sisted of No. 24 piano wire, and 
the bobs were of cast iron and 
weighed 50 lb. each, the latter 
being immersed in pails of 
cylinder oil for the purpose of 
retarding vibration. Measure- 
ments between their upper and 
lower extremities showed a 
divergence of 11 ft. After a 
very thorough investigation, it 
was found that this displace- 
ment was simply due to air- 
cuvrents. For the above reasons 
some engineers prefer to employ 
a form of transit theodolite 
specially made for this purpose.” 

The scales adopted for plot- 
ting mine surveys will depend to 
some extent on the size of the 
property. A very 
useful map can be 
prepared with a scale 
of two ^ 






60. CIRCUMFERENTOR 


chains 
to the 
inch for 
small 
mines, and for large 
properties it will l>e 
found that 3 or 4 chains 
to the inch may have to 
be the scale adopted 
All the underground 
observations should be 
carefully recorded on the 
plan of the workings as 
the work proceeds. If 
this precaution be 
neglected, 


may arise 
when such 
reco r d s 
would 
have been 
of great 
service. 


difficulties 
later on, 
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TRANSFERRING STATION8 BELOW 
GROUND 
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Group 22 

TONIC SOL-FA SYSTEM music 

Various Musical Notations. Principles on which the Tonic Sol-fa 6 

System is based. Use of the Standard Scale. The Modulator 

pn»s* 


By J. CUTHBERT HADDEN 


'THE Staff notation of music is the universal 
1 notation, the notation of the whole musical 
world. As such, it can never be superseded. 
Like the doctor’s Latin prescription, it may be 
read with equal facility in England or Italy, in 
Germany or Spain. But other musical notations 
have been devised, just as “ universal languages ” 
have been evolved in alleviation of the confusion 
of Babel . Rousseau, the French author and critic, 
suggested, but afterwards discarded, a notation 
in which the notes of the scale were indicated 
by Arabic numerals. The same principle is the 
leading feature of the Clieve system, now largely 
used in France ; and in certain essentials the 
Tonic Sol-fa notation of letters, the subject of the 
present lessons, corresponds with both. It is 
practically the only notation (apart from the 
Staff, of course) which demands to be considered 
seriously as a real and live factor in musical 
education, though its use is confined almost 
solely to England and English-speaking countries. 
It has a great and growing “ literature ’ * of its own ; 
more than a million and a half of children are 
learning to sing from it in British primary sehools, 
and choral societies and church choirs all over the 
country owe to it almost their very existence. 

The Founder of Tonic Sol-fa. From 
his interest in school and congregational singing 
the Rev. John Curwen was led to take up the 
subject of teaching to sing at sight. Miss Glover, 
a teacher at Norwich, had already succeeded in 
removing from music something of the mystery 
of sharps and flats, minims and crotchets, and 
had formed out of her Do, Re , Mi diagram a kind 
of primitive letter notation which the charity 
children among whom she lal>ourcd found no 
difficulty in reading. Her method of sol-faing 
differed entirely from that which Mainzer and 
Hullah taught in their popular classes. These 
masters adopted the common French system of 
making the sol-fa syllables only substitute names 
for the fixed notes C, D, E, F, G, A, B. Miss 
Glover, on the other hand, followed the scientific 
usage of England, which makes Doh always the 
key-note, whatever the absolute pitch of that 
note may be. 

Her plan, briefly stated, was to teach the 
thing music, apart from its signs and names, and 
to delay the introduction to the accepted mode 
of writing it until the pupil had obtained a 
mastery of the thing itself. Mr. Curwen had 
already come to see the shailownesB of the parrot 
method of teaching to sing, and had been trying 
imsuctote&fully lb give permanence to his Sunday- 
school work by imparting to the children a 
knowledge 6f crotchets ana quavers, clefs, flats, 
and sharps, etc. These things, he speedily dis- 
covered, were too abstruse for young minds — 
too abstruMi even for the peat majority of those 


who desired to sing yet could not be brought to 
do the thinking necessary to secure their object 
in the ordinary way. What was needed was a 
notation which a child might understand — a 
notation which a child could sing from as readily 
as he might read his school primer. Mr. Curwen 
had been looking for just such a notation, and 
when Miss Glover’s method was brought under 
his notice he hailed it with delight as being the 
very thing he desired — easy to teach and easy 
to learn. As yet, however, it was only a 
crude idea. It required many modifications and 
additions — required, above all, to be systematised 
— in order to perfect it as a notation, as a 
method of teaching music. Mr. Curwen set him- 
self enthusiastically to the work. He devoted, 
in fact, the remainder of his life to it, and the 
result was the Tonic Sol-fa notation and method 
as we know them to-day. 

In proceeding to a study of the Sol-fa notation, 
we are brought at once face to face with its 
essential principle. That principle is that there 
is in reality but one seale in music ; that to 
singers “ one key is the same as another.” 
Singers, let it be insisted, were Mr. Curwen’s 
first consideration. His notation was specially 
devised for them, and although those who learn 
it can readily play from it, the interests of the 
player have never been put by the heads of the 
system alongside the interests of the singer. 

Well, to the Tonic Sol-fa singer §11 keys, we 
repeat, are alike. Whether he is singing in the 
key of F or in the key of E, his scale is the same. 
It is always : Doh, Ray, Me, Fah, Soh, Lab, Te. 

Doh always represents the key-note, no matter 
what may be the key of the music. To empha- 
sise this fact, let us borrow for once, an illustra- 
tion from the Staff notation. Su ppose we wanted 
to write the “ Old Hundredth,” first in the key 
of G and then in the key of A flat. It would 
come out in this way (we take only two lines) : 



Here, though the tune is identically the same 
in both examples, the notes have in each case 
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an entirely different position on the stave ; 
moreover, they re affected, in the one case by a 
single share) (look at the key signature), in the 
other case by four flats. To the eye the difference 
is considerable, to the ear it is practically 
nothing — merely the difference of half a tone in 
the pitch. * Why, then, says the Tonic Sol-faist, 
should the singer be distracted by a new set of 
symbols ? This is the great point of the letter 
notation. It recognises but one scale, so that 
the two lines of the “ Old Hundredth,” as shown, 
would come out respectively as follows : 
key G. ©to. 

:d |d :t||li:s,|d :r |n:n|n:m|r:d |f :n|r| 

KEY Ab. ©tC. 

:d |d :t||l,:s,|d :r |n :n |n :n |r :d |f :n |r J 

There is absolutely no difference, it will be 
observed, oxcept for the one f ct, not tionally 
unimportant to the singer, of a different key- 
name. 

For this purpose of naming the key the Sol- 
faist has, like the Staff notationist, to depend 
upon what is called the Standard Scale of C, with 
its letter names in their ascending order: 

0, 1), E, F, G, A, B. 

These names represent fixed sounds — that is 
t-o say, 0 is always C, D is always D, and so 
on, as on the keyboard of a piano. In Sol-fa 
their sole use is to determine the pitch of the 
particular Doh of a particular tune. Thus, when 
the indication “ Key F ” or ** Key E ” appears, 
it means that the Doh is at the pitch of the F or 
E of the Standard Scale. In pitching tunes, a 
tuning-fork is generally used. It Hounds the 
upper G (there are pitch-forks in A), which the 
singer imitates, and then runs down the scale 
to the required note. For instance, if the indica- 
tion is “•Key D” you sound the fork, sing 
(\ B, A, 0, F, E, I), and repeat the sound of I) 
to the name l)oh. A speedier method is sug- 
gested in the following directions, which we copy 
from the “Companion for Teachers of the Tonic 
Sol-fa Method ” : 


Jl 1 ’* Sound C, call it Bay, then sing r d. 

Ab „ „ Me „ md. 

G „ „ Fah „ frard. 

F „ „ Soh „ s m d. 

E „ then sing CBAGKE. 

E ^ „ call it Lah, then sing 1 1 d‘ — s m d. 

D „ „ Doh 1 „ r 1 d — s m d. 


At present the student will not quite under- 
stand this, but it is best in place here, and may 
stand for after reference. 

Such is the Sol-faist’s use of the Standard 
Seale. For all other purposes he employs 
his one seaio of Doh. The names of this scale 
iwv an Anglicised form of the old Italian solfeggio 
syllables : 

Si =Te Mi - Me 

Lah - Lah Re = Ray 

Sol = Soh Do = Doh 

Fa ~ Fah 

The name Soh was preferred to Sol as being 
more open, while Si was changed to Te to avoid 
having the same initial letter twioe in the scale. 
For purposes of teaching, and for the student's 
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own practice, the scale is laid out on a sort of 
diagram called the Modulator. This Modulator, 
reproduced at the side, is, with its 
various evolutionary forms, to 
be subsequently explained, the 
foundation element in all Tonic 
Sol-fa teaching. To quote Mr. 

Curwen himself, it “takes the 
place of the Staff in the common 
notation. It stands behind every 
note in the book. From habitual 
use of it, the mind's eve Always 
sees it there.” It is frequently 
objected to the letter notation 
that the notes are “ all on a dead 
level,” and do not represent to 
the eye, as does the Staff, the 
rising and falling pitoh of the 
notes. But the inventor of the 
notation was undoubtedly within 
the mark in saying that by early 
training the pictorial Modulator 
is fixed in the mind’s eye of each 
pupil, and the notes start into 
their places in the scale as he looks 
at them. 

The Modulator represents pic- 
torially the exact intervals of the 
major scale. Such a scale is 
formed of an ordered succession 
of tones and semitones, or, as 
the Sol-faist calls them, whole 
tones and half tones. On the 
Staff there is nothing to show 
which are the tones and which 
are the semitones of a scale. 

On the Modulator the differences 
are represented by the differing 
vertical space. Thus, between 
Me and Fah and Te and Doh 
we see only half the space that 
is given to other notes. Hence, 

Me and Fah and Te and Doh are the semitonic 
intervals of the scale ; the others, with the wider 
space between, are the full tones. “ The order 
and succession of the scale is so natural to us,” 
says Mr. Curwen, “ that we do not at first 
feel this discrepancy ; but when the attention 
is called to the point it will generally be per- 
ceived.” A most important point it is, for 
the scale tones derive their individuality from 
the position of these “ little steps,” as we shall 
see when we come to speak of the minor mode. 

In the accepted method of teaching the pupil 
to sing from the Modulator, the scale is taken 
in sect ions, as it were, these sections representing 
the consonantal and foundational chords of the 
scale. There is no running up and running 
down of the scale in the stepwise order of its 
notes, a method which indeed is quite useless 
for all practical purposes. Instead, the pupil 
first learns to sing the notes of the Tonio chord — 
Doh, Me, Soh — in the various positions in which 
these notes may be arranged, the octave of 
Doh (the “ high Doh ”) being added last. The 
same process follows with the notes of the 
Dominant chord, Soh, Te, Bay ; and the five 
notes of the scale thus learnt in two sections 
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are then combined in one section. After that, 
the seven sounds are completed by exercises 
on the Subdominant chord of Fah, Lah , Doh. 
Thus is the pupil gradually made familiar 
with the diatonic scale in all possible positions 
in which its intervals can be disposed — in fact, 
just as he will meet with them in his ordinary 
vocal routine. 

But now we have to see how this Modulator 
scale is expressed in the notation. It is done in 
the very simplest way, by merely writing the 
initial letters of the syllable names, as here: 

' d r n f s 1 t 

Leaving out of consideration the so-called 
“ chromatics,” to be dealt with in next lesson, 
nothing more is notationally required, so far as 
tune is concerned, but some means of indicating 
the higher and lower octaves of these scale notes. 
As the diatonic scale consists of only seven 
notes, it is obvious that when we have ex- 
hausted these we must begin again — must go 
on in a higher or in a lower direction, as the case 
may be. The term “ octave ” means eighth ; 
ana when we begin again wo begin with the 
eighth of the original note. Thus, every Doh , 
every Me, every Soh — every note of the scale — 
has its octave or eighth above or below. The 
question, then, is, how to differentiate these 
octave notes from the others. This, again, is 
managed very simply. The upper octaves are 
represented by figures above the scale letters ; 
the lower octaves by figures below, as thus : 

d 1 d* 

d, d. 

It must be understood, of course, that all the 
scale notes within the key are left unmarked, 
and that the marking begins only when the 
octave above or the octave below the key Doh 
is called into use. To put it in Mr. Curwen’s 
own words, the octave commencing on middle C 



is taken as a standard. The notes of that 
octave bear no mark above or below, and every 
Doh chosen as a key-note within that octave 
is unmarked also. Thus (to borrow once more 
from the Staff) these passages, so nearly alike 
in pitch, will have different octave marks : 



because in the first case the Doh is within the 
Standard octave ; in the second it is above it. 

Notation of Time# The Tonic Sol -fa has this 
advantage over that of the Staff notation, that it 
indicates clearly each individual beat or pulse 
of the measure. In teaching time the Tonic 


Sol-fa instructor begins by pointing out how in 
speaking and in singing we accent certain words 
or syllables, and do not accent others. Thus, in 
the line “ Tell me not, in mournful numbers,” a 
strong accent comes on every alternate syllable. 
In ‘‘Take her up tenderly, lift her with care,” 
again, the accent comes on every third syllable. 

Now, to mark these accents, a musical com- 
position, long or short, is cut up exactly in the 
same way. First it is divided by bars into 
measures, then in Tonio Sol-fa the measures 
are divided visibly into beats or pulses. The 
strong accent comes in every case at the begin- 
ning of the measure, and to mark it a vertical 
line is used exactly like the bar-lino of the Staff. 
The sign for the weak accent is a colon (:) ; and 
when a subordinate accent — technically the 
medium accent — has to be shown, a short upright 
line is employed. Thus, “ Toll me not in mourn- 
ful numbers ” would be set out in this way : 

I : I : I : ! : I! 

Tell me not, in mourn-ful mini - here, 
while “ Take her up tenderly, lift her with 
care ” would appear so : 

! : : I 5 : I • : | 

Take her up ten - dor - ly, lift, her with care. 

In the first example the measure contains two 
pulses, and is thus said to be in two-pulse mea- 
sure ; while the second example, with throe 
pulses to the measure, is similarly descrilied as 
in three-pulse measure. In naming a measure 
the pulses are always counted from one strong 
accent to the next. Altogether there are six 
kinds of measure in common use. After throe- 
pulse measure comes four-pulse measure, where 
the order of the accents is strong, weak, medium, 
weak, as here : 


Then we have six-pulse measure, written thus : 


Nine-pulse measure : 


And twelve-pulse measure : 


These, as we have said, are all the measures in 
general use. We meet now and again with : 


called eight-pulse measure, but it is only used 
when a four-pulse measure is to be so slow that 
each beat is divided into two. The six, nine, 
and twelve-pulse measures are made, up of two, 
three, and four measures of three-pulse time, the 
medium accent being used instead of the strong. 
They are therefore called compound measures. 
It is obvious that a composition cannot always 
begin on the strong accent. If a composer had 
to “ set ” the words, “ They grew in beauty, 
side by side,” he would begin with a weak 
accent, the strong accent following on “ grew.” 


Continued 
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GUMS & OTHER SUBSTANCES 

Including’ India-rubber and Gutta-percha, Gums and Glues, 

Bone, Ivory, Camphor, Asbestos, Glass, and Emery 


By Professor HENRY ADAMS 


India-rubber. India-rubber , or Caoutchouc, 
consists of the dried coagulated milky juice 
of various trees and shrubs belonging chiefly 
to the natural order Euphorbiacece. The 
caoutchouc appears to be kept in sus- 
pension in the juice by means of ammonia ; 
at least, in some cases the fresh milk exhales 
an ammoniaoal odour. Probably it is on this 
aocount that the addition of liquid ammonia 
prevents the juice from coagulating for a 
considerable time, and ammonia is added, in 
certain districts, when the milk has to be 
carried some distance from the place of collec- 
tion. Of all varieties the most important is 
Para rubtier. 

Para Rubber. Pard rubber is obtained 
from II even Brasiliensis , a large tree 60 ft. high. 
The caoutchouc is collected in the so-callod dry 
season between August and February ; the 
trees are tapped in the evening, and the juice 
is collected on the following morning. A 
deep horizontal incision is made near the base 
of the tree, and then from it a vertical one 
extending up the trunk, with others at short 
distances in an oblique direction. Small shallow 
cups, made from clay and dried in the sun, 
are placed Mow the incisions to receive the 
milk, each cup being attached by sticking a 
piece of soft clay to the tree and pressing the 
cup against it. Each tree yields only about 
6 oz. of juice in three days. 

To produce the rubber the juice is heated in 
the following manner. A piece of wood about 
3 ft. long, with a flattened clay mould at one 
end of it, is dipped in the milk, or this is poured 
over it as evenly as possible. The milk is then 
carefully dried by turning the mould round 
and round in a white vapour obtained by 
heating certain oily palm-nuts, the vapour 
lieing confined within certain limits by the 
narrowness of the n<H‘k of the pot in which 
the nuts are heated. Each layer of rubber 
is allowed to laconic firm before adding another. 
A practised hand can make 5 or 6 lb. an hour. 
The cakes when completed are, in order to ro- 
move them from the mould, slit open with a 
sharp knife, which is kept wet, and are hung 
up to dry. The flat, rounded cakes of rubber 
made in this manner are known in the London 
market as “ biscuits.” 

Ceara Rubber. Ceara rubber is considered 
next to the Para in value. It is obtained by 
brushing away the loose stones and dirt from 
the root of the tree by means of a handful of 
twigs, after which the collector lays down 
large leaves upon which the milk may fall. 
He then slices off the outer layer of the bark 
to a height of 4 or 5 ft. The mils — which exudes 
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in many tortuous courses, some of it ultimately 
falling on the ground — is allowed to remain 
on the tree for several days, uptil it becomes 
dry and solid, when it is pulled off in strings, 
which are either rolled up into balls or put 
into bags in loose masses, in which form it 
enters commerce under the name of Ceara 
scrap. 

Composition of India-rubber. India- 

rubber is composed of carbon and hydrogen 
alone, but its exact chemical nature is not 
by any means known with certainty. When 
pure it is odourless and nearly white, and pos- 
sesses a specific gravity of *915. It is porous 
and cellular in texture, and absorbs from 
10 to 25 per cent, by weight of water when 
soaked in it for a long period. 

Industrial Preparation. In the pre- 
paration of india-rubber for industrial pur- 
poses the first matter to be attended to is the 
removal of the various impurities present in 
the crude material. This is done in the follow- 
ing manner. The lumps of crude caoutchouc 
are first softened by the prolonged action of 
hot water, and then cut into slices by means 
of a sharp knife. The softened slices are now 
repeatedly passed between grooved rollers, 
known as the washing rollers, a supply of hot 
or cold water being made to flow over them. 
Solid impurities speedily become crushed, 
and are carried away by the water, while the 
rubber takes the form of an irregular sheet 
perforated by numerous holes. The washed 
product contains in its pores a notable pro- 
portion of water, which is removed by hanging 
the rublier for some days in a warm room. It 
is now ready either for incorporation with 
sulphur and other solid bodies, or for agglomera- 
tion into solid masses by means of the masti- 
cating machine. Sheet rubber is largely 
used in the fabrication of certain classes of 
rubber goods, these being made by cementing 
the sheets together with a solution of rubber 
in coal -naphtha or benzol. Most articles made 
of cut sheet-rubber would, however, be of very 
limited utility were they not hardened or 
vulcanised. 

Waterproof Cloth. The ordinary macin- 
tosh or waterproof cloth is prepared by spreading 
on the fabric layers of india-rubber paste or solu- 
tion made with benzol or coal-naphtha. If cotton 
or linen is used, it is usual to incorporate 
sulphur with the paste, and to effect vulcanisa- 
tion by steam heat ; but when silk or wool is 
employed no sulphur is added to the paste, 
the dried coating of rubber being merely 
brought into momentary contact with the 
mixture of chloride of sulphur and carbon 
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disulphide. Double texture goods are made 
by uniting the rubber Hurfaees of two pieces of 
the coated material. Air goods such as cushions, 
beds, gas-bags, etc., are made of textile fabrics 
which have been coated with rubl>er, either 
by the spreading process already described, or 
by means of heated rollers, the vulcanisation, 
or “ curing," as it is called, being then effected 
by steam heat. 

Other uses to which vulcanised rubber is 
put are packing for stuffing boxes of steam 
engines, stereotypes, rubber stamps, over- 
shoes, fishing-boots, etc. Springs, valves, and 
washers are manufactured out of mixed rubber, 
and vulcanised either in moulds or in powdered 
French chalk. 

Vulcanised Rubber. Vulcanised rubber 
consists of the chemical combination of 
sulphur with india-rubber, and not merely 
the admixture of the !,wo substances. If an 
article of cut sheet-rubber is immersed for a 
few minutes in a bath of melted sulphur 
maintained at a temperature of 120° C., the 
rubber absorbs about one-tenth of its weight 
of that element, and, although somewhat 
yellowish in colour from the presence of free 
sulphur, it is still un vulcanised and unaltered 
as regards general properties. If, however, 
it be now subjected for an hour or so to a 
temperature of 140° C., true combination sets 
in, and vulcanised caoutchouc is the result. 

Another method of vulcanising article** from 
cut sheet rubber consists in exposing them to 
the action of chloride of sulphur. Either they 
are placed in a leaden cupboard, into which the 
vapour is introduced, or they are dipped for a few 
seconds in a mixture of one part of chloride of 
sulphur and 40 parts of carbon disulphide, or 
purified light petroleum. Vulcanisation takes 
lace in this instance without the action of 
eat, but it is usual to subject the goods for a 
short time to a temperature of 40° C., after 
their removal from the solution, in order to 
drive off the liquid which has been absorbed 
and to ensure a sufficient action of the chloride 
of sulphur. Treatment with a warm alkaline 
solution is afterwards advisable, in order to 
remove traces of hydrochloric acid generated 
during the process. Most of the rubt>er now 
manufactured is not combined with sulphur 
when in the form of sheets, but is mechanically 
incorporated with about one -tenth of its 

weight of that substance by means of mixing 
rollers, any required pigments for colouring 
being added. The mixed rubber thus obtained 
can be very easily worked into any desired 
form or rolled into sheets by means of the 
calendering machine. 

Vulcanite. Vulcanite is the harder of the 
two forms of vulcanised india-rubber, the other 
form being known as soft rubber. Vulcanite 
differs from soft rubber in that it contains 
more sulphur, and is cured or vulcanised at a 
higher temperature. A kind of vulcanite which 
contains a very large proportion of vermilion 
is used, under the name of dental rubber, for 
making artificial gums. 


Ebonite. Ebonite is a black, hardened com- 
pound of caoutchouc or gutta-percha and sulphur 
in different proportions, to which other ingredients 
may be added. It is properly black vulcanite. 
Ebonite takes a fine polish, and is valuable to 
the electrician on account of its insulating 
properties, and to the chemist and photographer 
because vessels made of it are unaffected by 
most chemical reagents. 

Gutta-percha. The name gutta-percha is 
applied to the concreted or inspissated juice 
of various plants belonging to the natural 
order $apotace<e , growing in the Malay Penin- 
sula. To what particular tree the name “gutta- 
percha ” properly l>elong8 there is no evidence 
to show, but it has been generally given to 
Dichopsis gutta , which usually attains a height 
of 60 to 80 ft., with a diameter of 2 to 4 ft. 
The wood is soft, fibrous, spongy, of a pale 
colour, and marked with black lines, these 
being reservoirs of gutta-percha. The collection 
of gutta-percha generally takes place directly 
after the rainy season, as in the dry season the 
gutta does not flow so readily. The yield of a 
well-grown tree of the best variety is from 
2 to 3 lb. of gutta-percha, such a tree being 
about 30 years old, 30 to 40 ft. high, and l| 
to 3 ft. in circumference. A full-grown tree 
sometimes measures 100 to 140 ft. to its first 
branches, and may yield 50 to 00 lb. of gutta- 
percha, which loses in six months about 35 
per cent, of its weight in drying. 

The methods of extracting the gutta-percha 
are much the same amongst the Malays, Chinese, 
and Dyaks. The trees are cut down just above 
the buttresses, or banees , as they are called, 
and for this purpose a staging about 14 to 
16 ft. high is erected. When the tree is felled, 
the branches are speedily lopped off, to prevent 
the ascent of the gutta to the leaves. Narrow 
strips of bark, about 1 in. broad and 6 in. 
apart, are then removed ; but not all round the 
tree, as its under part, in its fall, Incomes 
buried in the soft earth, much sap being thus lost. 
Some natives beat the bark with mallets to 
accelerate the flow of milk or gutta, which 
flows slowly and rapidly concretes. The gutta 
is received into hollow bamboos, doubled-up 
leaves, pieces of bark, cocoanut-shells, or in 
holes scraped in the ground. If the quantity 
obtained is small, it is prepared on the spot by 
rubbing it together in the hands into a block, 
in one end of which a hole is made to carry it 
by ; in this state, it is known in the market as 
raw gutta or gutta muntah. 

Preparation. Gutta-percha, as received 
in England, is in irregular clumps or blocks, 
and is frequently adulterated with massive 
stones, sawdust, bark, sago-flour, etc., and the 
first step in its manufacture is to cleanse it 
thoroughly. The blocks are first sliced by 
means of a powerful circular wheel, driven by 
machinery, and having fixed to it two or three 
strong chisel- like knives. These slices are 
placed in wooden troughs, filled with water and 
heated by steam. As soon as the gutta-percha 
becomes soft, it is taken out in baskets and 
placed in a toothed iron cylinder, called a 
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devilling ” machine, which tears it into 
fragments. These fall into a trough of water, 
and the impurities sink to the bottom, leaving 
the purified gutta floating in the form of a 
spongy mass. This mass is then taken out, 
thoroughly washed in cold water, and dried in 
baskets. It is then placed in jacketed iron 
chests, heated by steam, and left till it becomes 
soft, when it is at once removed and placed in 
a machine called a masticator , which kneads or 
masticates it, the result being a homogeneous 
dough-like, reddish-brown mass. While still 
hot this mass is placed between two steel 
cylinders and thoroughly rolled. By means of 
an endless band of felt the gutta is returned 
again to the cylinders, the distance between 
which is gradually diminished, so as to compress 
and completely drive out any contained air 
from the gutta-percha. 

Uses of Gutta-percha. In telegraphy 
tta-percha is of the very highest importance, 
ing a cheap, lasting, and powerful insulator, 
easily applied to telegraphic wires. The value 
of gutta-percha piping is very great ; it does 
not contaminate water as lead piping does ; 
it withstands insects, damp, etc., and is easily 
manipulated, being shortened, lengthened, or 
repaired with little trouble or expense ; and 
its acoustic properties have led to its employ- 
ment in the manufacture of aural, stethoscopical, 
and other instruments. Gutta-percha speaking- 
tubes are now widely used. The substance is 
also largely employed for funnels, syphons, 
and other chemical apparatus, from the fact 
that few acids and alkalies affect it. It is also 
used for golf balls, and may l»e moulded into any 
shape by simply softening it in hot water and 
pressing it into the mould. 

Gum. Gum exists in the juices of almost 
all plants, but is produced in its purest form 
by various species of acacia. The name is 
applied to those exudations from plants, stems, 
branches, or fruits which are entirely soluble 
or soften in water, and form with it a thick 
glutinous liquid. In structure, gum is quite 
amorphous, being neither organised, like starch, 
nor crystallised, like sugar. According to 
Trecul, the acacias yield their gums more 
Abundantly when sickly and in an abnormal 
state, caused by a fulness of sap in the young 
tissues, whereby the new cells are softened and 
finally disorganised ; the cavities thus formed 
fill with liquid, which exudes, dries, and con- 
stitutes the gum. 

Gum-arabic. Gum-arabic may be taken 
as the type of the gums entirely soluble in water. 
The principal kinds are distinguished as Turkey 

? icked gum, Gedda, Amrad, Gheziri, Senegal, 
'alca, Australian, Barbary, Cape, and East 
Indian (from Bombay and Aden). It occurs in 
pieces of varying size, and some kinds are full of 
minute cracks. The specific gravity of Turkey 
picked gum (the purest variety) is 1*487, or 
when dried 1*525.** The finer varieties are used 
as an emollient and demulcent in medicine, and 
in the manufacture of confectionery. The com- 
moner qualities are used as an adhesive paste, for 
giving lustre to crepe, silk, etc. For labels it is 
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usual to mix sugar or glycerine with it to prevent 
it from cracking. 

Gum-tragacanth. Gum-tragacanth called 
also gum dragon , exudes from the stem, the 
lower part especially, of the various species of 
astragalus , and is collected in Asia Minor and 
shipped from Smyrna. It has a dull white 
colour, and occurs in homy, flexible, and tough, 
thin, twisted flakes. It is used in calico-printing 
as a thickener of colours and mordants ; in 
medicine as a demulcent and vehicle for insoluble 
powders, and as an incipient in pills. 

Gum-benjamin. Qum-benjanUn, benja- 
min , or benzoin , together with other reeins, such 
as copal, mastic, shellac, kawrie, or cowdie, or 
Australian copal, etc., are often improperly 
called gums. 

Mastic. Mastic is a resinous exudation ob- 
tained from the PistcLcia Lentiscus, or mastic 
plant, an evergreen shrub found in the Medi- 
terranean coast region from Syria to Spain, but 
growing also in Portugal, Morocco, and the 
Canaries. The resin is not contained in the 
wood, but in the bark, and to obtain it numerous 
vertical incisions are made in the stem and 
chief branches. Besides that obtained from 
the incisions, mastic of very fine quality spon- 
taneously exudes from the small branches. 
Mastic occurs in English commerce in the form 
of roundish tears about the size of peas, some, 
however, being oblong or pear-shaped. They are 
transparent, with a glassy fracture, of a pale 
yellow or greenish tinge, which darkens slowly 
by age. Its solution in turpentine constitutes a 
varnish much used in oil-painting. 

Gelatine. The gelatine derived from bones 
enters very largely into human food, in the stock 
for soup, etc., and as prepared gelatine, calves- 
foot jelly, and isinglass. It is employed as a 
sizing agent in paper-making, and by painters 
it is also used for sizing or priming. It is further 
used in the preparation of elastic moulds of 
undercut work, and in the manufacture of inking - 
rollers for printing. 

Glue. Glue is a form of gelatine, which, 
on account of its impure condition, is employed 
only as an adhosive medium for wood, leather, 
paper, and like substances. In the preparation 
of ordinary glue the materials used are the 
parings and cuttings of hides from tanyards, 
the ears of oxen and sheep, the skins of rabbits, 
hares, cats, dogs, and other animals, the parings 
of tawed leather, and many other scraps of animal 
matter. Taking tanyard refuse to be the prin- 
cipal material, it is first steeped for some weeks 
in a pit with lime-water, and afterwards carefully 
dried and stored. The object of the lime steep- 
ing is to remove any blood and flesh which may 
be attached to the skin, and to form a lime soap 
with the fatty matter it contains. When thus 
prepared, the glue pieces, or .scrows, as they 
are termed, are thoroughly washed before 
boiling. They are then placed in hemp nets 
and introduced into an open boiler, which has a 
false bottom, and a tap by which liquid may be 
run off. As the boiling proceeds, test quantities 
of liquid are from time to time examined, and 
when a sample is found on cooling to form a stiff 



jelly, it is ready to draw off. From the boiler 
the solution is run to a tank or setting back , in 
whioh a temperature is maintained sufficient to 
keep it fluid, and in this way any impurity is 
permitted to subside. The solution is then run 
into wooden troughs or coolers, in which it sets 
to a firm jelly. When set, a little water is run 
over the surface, and with knives of suitable 
form it is detached from the troughs, cut into 
slices about an inch thick, and these are placed 
on nets stretched between upright wooden frames 
for drying, an operation whioh requires special 
care. 

Isinglass. Isinglass , or fish-glue , in its 
raw state is the swimming-bladder, or sound, of 
various species of fish. Russian isinglass, which 
is the finest made, is obtained from several 
species of sturgeon found in the Volga, Caspian 
and Black Seas, and in the Arctic Ocean. It is 
prepared by cutting open the sounds, steeping 
them in water till the outer membrane separates 
from the inner, then washing the latter and 
exposing it to dry in the air. The principal uses 
to which isinglass is applied are for jellies and 
confections, and as a clarifying or filtering 
medium for wine, beer, and other liquids. When 
dissolved in strong acetic acid it forms a powerful 
cement, much used for repairing glass, pottery, 
and similar small objects. 

Marine Glue. Various adhesive but non- 
gelatinous substances are, on account of their 
properties, known commercially as glue, and ( 
are used as substitutes for ordinary glue. Thus 
marine glue, employed in shipbuilding and for 
other purposes, is a compound of india-rubber 
and shellac dissolved in coal-tar naphtha. 

Bone. Bones of cattle and other animals are 
extensively used in the arts in forming knife- 
handles, buttons, combs, etc., in making size, 
gelatine, lampblack, and animal charcoal, and 
for various other purposes. They are also ex- 
tensively used as a manure for dry soils, with the 
very best effect, being ground to dust, bruised, 
or broken into small fragments in mills, or dis- 
solved in sulphuric acid. 

Horn. The weapons which project from 
the heads of various species of animals, consti- 
tuting what are known as horns, embrace sub- 
stances which are, in their anatomical structure 
and chemical composition, quite distinct from 
each other, and although in commerce also 
they are known indiscriminately as horn, their 
uses are altogether dissimilar. Their differences 
are thus indicated by Professor Owen : “ The 
horns of deer consist of bone, and are processes 
of the frontal bone ; those of the giraffe are inde- 
pendent bones covered by hairy skin ; those of 
oxen, sheep, and antelopes are projections of 
the frontal bone, covered with "a sheath of true 
homy material. Only the horns of the rhino- 
ceros are composed wholly of homy matter, 
and this is disposed in longitudinal fibres, so 
that the horns seem rather to consist of coarse 
bristles compactly matted together in the form 
of a more or less elongated sub-compressed 
cone.’ 1 True homy matter is really a modified 
form of epidermic tissue, and consists of an 
albuminoid principle termed keratin. It forms 
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not only the horns of the ox tribe, but also the 
hoofs, claws, or nails of animals generally, the 
shell of the tortoise, porcupine quills, and bird*' 
feathers, etc. 

The principal application of horns is for the 
manufacture of combs ; and other uses to which 
the substance is put are pressing of buttons, 
handles for walking-sticks, umbrellas and knives, 
manufacture of drinking-cups, spoons, snuff- 
boxes, etc. The parings and refuse of horn are 
valuable for the manufacture of prussiate of 
potash and as manure, and the ash of the cores 
of horn makes excellent cupels for the assay of 
precious metals. Deer-horn is used almost ex- 
clusively for handles by cutlers and walking-stick 
and umbrella makers. 

Ivory. Ivory is essentially equivalent to 
dentine, that hard substance of which most 
teeth are principally composed. By usage, 
however, its application has become almost 
restricted to the dentine of those teeth which 
are large enough to be available for industrial 
purposes — viz., the tusks of the elephant-, hippo- 
potamus, walrus, narwhal, and sperm whales. 

The best ivory is the African, and the first 
quality of that comes from near the Equator. 
The tusks are sold by weight, and stones and 
iron are sometimes thrust down into the hollow 
pulp cavity to increase the weight, so that 
dealers generally feel the hollow with an iron 
rod %o detect foreign matter. 

The tusks of the extinct mammoth from 
Northern Siberia furnish almost the whole of 
the ivory used by Russian ivory workers. They 
come principally from the neighbourhood of 
the Lena and other large rivers discharging 
themselves into the Arctic Ocean, and are 
abundantly found in the Liakhoff Islands. 
Mammoth tusks an* slender, much more curved, 
and in proportion to the size of the animal much 
larger than those of our elephants. In England 
this ivory is not very highly esteemed, being 
considered too dry and brittle for elaborate 
work, and very liable to turn yellow. 

The great canine teeth of the hippopotamus 
furnish an ivory which is harder ana whiter 
than that of the elephant and less prone to 
yellow. No large piece can be obtained from a 
hippopotamus tusk, and the incisors and upper 
canine teeth yield even smaller pieces than the 
lower canines. 

The tusks of the walrus have long been used 
as a source of ivory among the northern 
nations. The upper canines are oval in section, 
solid, and their axis is made up of secondary 
dentine, which makes up a considerable part of 
the whole tooth, the quantity far exceeding Jhat 
in the hippopotamus. The spirally-twisted tusk 
of the narwhal, the teeth of sperm w'hales, the 
ear bones of whales, and the molar teeth of 
elephants, are also all made use of as sources 
of ivory, though they are far less valuable 
than the larger tusks. 

Uaea of Ivory. In former times ivory 
was frequently used for the manufacture of 
artificial teeth, but it has been superseded by 
more durable and more manageable materials. 
The principal demand for ivory arises in 
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connection with the cutlery trade, very large 
quantities being used for the handles of pocket 
and table knives* It is also extensively used 
for the handles of walking-sticks and umbrellas, 
combs, paper-knives, ladies’ fans, and for measur- 
ing-rules, and mathematical scales. It is in 
considerable demand for the manufacture of 
chess and draughts men, for statuettes, caskets, 
and many minor objects of furniture and 
ornament, and for inlaying. All ivory dust 
and chips are utilised by being converted into 
gelatine — which they may be made to yield by 
prolonged boiling — or by being calcined into 
ivory black. 

Vegetable Ivory* The plant yielding 
the vegetable ivory of commerce is known to 
botanists as Phytelephas macrocar pa, and is a 
native of South America. The fruit consists 
of a conglomerated head, composed of six or 
seven drupes, each containing from six to nine 
seeds, and the whole being enclosed in a walled 
woody covering, forming altogether a globular 
head as large as that of a man. A single plant 
sometimes bears at the same time from six to 
eight of these large heads of fruit, each weighing 
from 20 to 25 lb. In its ven' young state the 
seed contains a clear, insipid fluid. As it gets 
older the fluid becomes milky and sweet to the 
taste, and gradually continues to change, both 
in taste and consistence, until it becomes so 
hard as to make it valuable as a substitute for 
animal ivory. The seeds, or nut.s, as they are 
generally called, when fully rij>e and hard, are 
used by the American Indians for making small 
ornamental article* and toys. They are im- 
ported into Rritain, frequently under the name 
of Corozo nuts, and arc used chiefly for small 
articles of turnery. 

Xylonite. Xylonite, Zylonite , or Celluloid , 
is a substance inode of guncotton, camphor, and 
ivory dust, imitating ivory, or, when coloured, 
tortoise-shell, coral, amber, etc. Celluloid has 
recently been introduced for stereotypes instead 
of metal, and it is found that many thousands 
more impressions can be printed from them 
than from stereotypes without showing per- 
ceptible signs of wear. Tt is used in the manu- 
facture of billiard balls, combs, small mirror 
backs, pocket-book covers, and other small 
objects. It is also used in the manufacture of 
collars and cuffs, but its fiercely combustible 
character renders it somewhat dangerous. 

Camphor. Camphor is a translucent sub- 
stance, of cooling taste and penetrating *odour, 
distilled from the wood of the camphor-tree 
(Cinnamomum camphorn), which flourishes in the 
Is^md of Formosa, and also in Japan and parts 
of China. It is produced from the branches, 
trunk, and roots of the tree by cutting them 
into chips, which are placed in closed vessels 
and exposed to the vapour of boiling water , 
the steam volatilises the camphor, which comes 
to the top of the vessel. Camphor is largely 
used in the production of celluloid goods, and 
in the manufacture of smokeless powder and 
cordite. It is also employed in the making of 
medicaments, and in keeping moths away from 
furs and woollen goods. 
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Mica. Mica is one of a group of minerals, 
all of which are characterised by their perfect 
basal cleavage, in consequence of which 
they can l>e separated easily into extremely 
thin, tough, and usually elastic lamina'. The 
micas are silicates of aluminium with other 
bases, as iron, calcium, magnesium, potassium, 
sodium, and in some kinds fluorine is present 
in small quantities. The micas, of which there 
arc several varieties, enter into the composition 
of many rocks, including the crystalline rocks, 
both metamorphic and volcanic (as granite, 
gneiss, mica-schist, etc.), and sedimentary 
rocks (ns shales and sandstones), sometimes 
giving them a laminated structure. Mica 
(muscovite) is often used in thin transparent 
plates for spectacles to protect the eye, in 
reflectors, instead of glass, in places exposed to 
heat, for unbreakable lamp chimneyB, deflectors 
over gas-jets, and, in Russia, even for windows. 
When ground to powder, mica is combined with 
varnish to make a glittering coating for wall- 
papers, and is used also in preparing a covering 
for roofs, and as a packing and lubricant for 
machinery. Talc is a similar material and is a 
magnesian silicate. 

Asbestos. Asbestos is a variety of the 
hornblende family of minerals. It consists of 
fine crystalline elastic fibres, with a Bilky lustre, 
varying in colour from white to grey and green, 
and derives its name from being specially inde- 
structible by fire. A single fibre of it fuses to a 
white enamel, but in the mass it is capable of 
resisting ordinary flame. There are several 
varieties of asbestos : (1 ) Amianthus is the rarest 
kind, its fibres being white, flexible, long, and 
regularly laid. It is found in the centre of the 
older crystalline rocks in the Pyrenees, North 
America, Sweden, New South Wales, etc., but 
the most beautiful specimens come from Taran- 
taise, in Savoy, and from Corsica, where it is 
somewhat abundant. (2) Common asbestos is 
not so light, either in colour or weight, as 
amianthus, and is more inflexible, splintery, and 
irregular in structure. It is found in serpentine 
rocks in Anglesea, in Cornwall, and in several 
parts of Scotland, as Glenelg in Inverness. (3) 
Mountain leather and mountain cork are other 
varieties where the fibres are less flexible and 
regular than either of the above, while their 
colour is brown or dirty white. Mountain 
leather is in thin flexible sheets, and mountain 
cork is so named from being not unlike common 
cork, and so light as to float on water. It is 
found in Lanarkshire. (4) Mountain wool is a 
soft, tough, opaque brownish-coloured variety of 
asbestos, much heavier than the last, and melting 
to a black slag before the blow-pipe. It is found 
in Tyrol, in Dauphinv, and in Scotland at Glen 
Tilt, Portsoy, and Kildrummy. Paper has been 
manufactured from asbestos, and would prove 
invaluable, in case of fire, for charters and other 
important documents were it not that the paper 
is rather tender for use, and that the writing 
disappears after a red heat. More success has 
attended its employment for fireproof roofing 
and flooring, for non-conducting envelopes of 
Bteam-pipes, and for the packing of fireproof 



safes ; it is also prepared as a cement for pro- 
tecting heated surfaces, roofs and floors, and for 
various fireproofing purposes. 

Uralite. The main ingredient of this 
substance is asbestos, obtained from Canada, 
the United States, and Russia. This is cleansed, 
and afterwards mixed, with water and chalk as a 
binding agent, into a pulp similar to that of 
paper pulp. The pulp is rolled into sheets, and, 
for the purpose of securing stability, a small 
quantity of silicate of soda is added to it. The 
sheets thus formed are cut into the sizes required, 
pressed, and dried, leaving boards of fibrous 
asbestos. These boards are steeped in a solution 
of silicate of soda, the water is driven off by 
drying, and they are then dipped in a solution of 
bicarbonate of soda and again dried. The 
technical application consists of the impreg- 
nation of the asbestos board by silicate of soda, 
and its subsequent decomposition by bicar- 
bonate of soda. This is accomplished by regu- 
lating the strength of the two solutions so as to 
ensure the complete impregnation of the whole of 
the board by the two chemicals, which are of 
mineral character. In this way the time of 
deposition is determined, and, after a sufficiency 
of the colloid silica is deposited over the fibres of 
the asbestos, it is gradually dried until the 75 
per cent, of water, natural to freshly formed 
colloid silica, is driven off* leaving a hard, dense 
substance which attaches itself as a cement to 
the asbestos, and thus forms a homogeneous 
mass incapable of lamination, with no planes of 
cleavage, and fire-resisting to a high degree. 
When made in sheets it is used for roof covering, 
ceilings, floors, and partitions, and can t>e 
veneered, varnished, and worked with car- 
penters’ tools like ordinary timber. It will 
stand 2,000° F. without destruction, and is 
coming largely into use. 

Slag-wool. Flag -wool or silicate cotton is 
made from the slag of blast furnaces, by allow- 
ing a jet of steam to blow through a stream of 
molten slag while falling, converting it into a 
glassy substance with the texture of cotton- 
wool. Owing to its fire-resisting properties, it 
is used as a substitute for asbestos in the 
manufacture of several fire-resisting plasters. 
It is extensively used as a sound-proof packing, 
which is not subject to dec^y, and docs not 
harbour vermin. It is a favourite substance 
for use as a non-conductor in refrigerating 
chambers, as it is impervious to damp, and 
unaffected by temperature. 

Fossil Meal. Fossil mealy or fossil flour, is 
a variety of infusorial earth found in abundance 
in Tuscany and elsewhere beneath peat beds. It 
is a white flour-like powder used in the manu- 
facture of floating bricks , and for non-conducting 
boiler coverings. 

Glass. Olassy in its ordinary signification, 
is a brittle, transparent compound produced by 
the fusion, at a very high temperature, of silica 
(silicic acid or oxide of silicon) with one or more 
basic substances, one of which, in all cases, must 
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be an alkaline metal. The substances which 
form the essential basis of all varieties of common 
glass are (1) silica as the acid element ; (2) soda 
or potash as the alkaline base, and (3) lime and 
oxide of lead as tho alkaline earths. To the 
alkaline earths commercially employed there 
ought also to be added baryta and alumina, the 
former being used in the place of lead, and the 
latter a common ingredient in certain kinds of 
glass. The properties on which the great value 
and utility of glass principally depend are (1) 
its well-known prevailing transparency, com- 
bined with a brilliant lustre and great hardness ; 
(2) its fusibility at a high temperature ; and (3) 
its softness and viscosity at a red heat, whereby 
it can be worked with facility into any desired 
shape. Of great value also is its resistance to 
the influence of common solvents. Properly 
made, glass is not sensibly acted upon by any of 
the acids except hydrofluoric acid, whioh attacks 
it powerfully, combining with and removing its 
silica Of the many varieties of glass manu- 
factured may be mentioned: crown, sheet, 
plate, flint or crystal, pressed, baryta, bottle, 
massive, spun, etc., but of these, only the first 
three are in common use in connection with the 
building trade. 

Emery. Emery is an impure variety of 
the mineral corundum, bluish-grey to brownish, 
granular and rough in fracture, with a specific 
gravity varying between 37 and 4 *3. Much of 
the emery of commerce is artificially coloured to 
a rich reddish brown. It occurs in amorphous 
masses in schists, gneiss, granular limestone, and 
other crystalline rocks, and in rolled and detached 
pieces and in granules in soils. The principal 
European source of emery is the island of Naxos, 
but it occurs also near Smyrna, and in Sweden, 
Saxony, Spain, and other localities. When 
broken by hammer, or crushed by stamps, it is 
used {is a polishing material for plate glass, 
crystal, lapidaries' work, and metals, and in 
cutting granite and marble. Emery- powder is 
mixed with other substances and formed into 
grinding wheels, hones, and similar instruments. 
Emery, more especially that used for emery- 
paper and emery-cloth, is commonly adulterated 
with garnet, zircon, iron -slag, and other sub- 
stances harder than quartz sand. 

Carborundum. Carborundumy which on 
account of its great hardness has assumed an 
important place among abrasives used for polish- 
ing, is a silicate of carbon, formed by tho action 
of carbon on sand (silica) at high temperatures 
in the electric furnace. When taken from the 
furnace it is crystalline, green, blue, or brownish 
in colour, sometimes opaque, but often trans- 
lucent, resisting the action of even the strongest 
acids, and the action of air or sulphur at high 
temperatures. The crude product can, there- 
fore, be treated with hot sulphuric acid to purify 
it. In hardness it nearly equals the diamond, 
and it is used for tool-grinding in the form of 
vitrified wheels. Carborundum - paper — made 
like emery-paper — is now largely used in place 
of garnet-paper in American shoe factories. 
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Wlien the linen has been carefully overhauled, 
the maid should make a list of all that 
is sent to the laundry, and check the articles 
when they are returned to see that none are 
missing. In spite of the mending previous to 
the sending to the laundry, many little repairs 
may be necessary after their return. Buttons 
will doubtless be missing, tapes tom off or 
allowed to “ run out these defects must 
always be remedied. Then, if the mistress 
prefers narrow, coloured ribbons to tapes in her 
underwear, the lady's-maid should remove these, 
and also fragile lace, before sending the artiole 
to the laundry ; wash them carefully herself, and 
replace them afterwards. 

Dresses of soft, orushable material, such as 
washing silk or muslin, will need attention 
every time after wear. They will become 
crushed, and need smoothing with an iron, 
although they are not dirty enough to send to 
the laundry. 

Travelling. Many ladies take their 
maids with them when paying visits. In any 
?ase, it is the maid's duty to pack the travelling 
trunks. The maid should lay out all that is 
necessary for her mistress’s visit, and ascertain 
exactly what her wishes are with regard to which 
dresses shall be taken, etc. The dress-trunk 
should then be carefully dusted and packed. 

Heavy articles, boots and shoes, should be 
placed near the bottom of the box, and the linen 
spread flat to form the next layer. Above this 
should oome skirts, etc., and lastly, bodices, 
blouses, and dainty articles that are likely to 
crush. Between the various layers plenty of 
tissue paper should be placed, and care should be 
taken to protect by an intermediate layer all 
light coloured articles from those of darker tint. 
Special covers of linen or white calico may be 
used for very delicate articles, and the greatest 
care must be taken that bottles containing 
perfume, toilet lotions, etc., are securely packed 
in comers where they are not likely to upset. 

During the journey the maid will probably 
travel in an ©,d joining compartment, and should 
be in readiness to wait on her mistress should 
there be any changes or long waits at inter- 
mediate stations. Arrived at their destination, 
the lady's-maid will be shown her mistress’s 
room, where she should unpack, and try in every 
way to make all as comfortable as possible. 
During the visit her duties will be much the 
same as those which devolve upon her at home. 
She will be responsible for personal attendance 
on her mistress, and should always be in readi- 
ness to wait on her when summoned by the bed- 
bell. She will take her meals in the house- 
keeper's room, where the need for reticence on 
her mistress's concerns is, of course, even greater 
than at home. 

THE FOOTMAN 

The duties of the footman vary consider- 
ably. according to whether he works single- 
handed or whether there are other footmen 
working under him. Where others are kept the 
head footman works in conjunction with the 
butler. He helps in, or supervises, the laying of 


the table for meals, and in the serving of after- 
noon tea and coffee after dinner. During meals 
he waits at table, under the butler, taking pre- 
cedence of the other footmen. In the after- 
noon he should be in readiness to answer the 
front-door bell. If a valet is not kept, he will 
doubtless be required to give a certain amount 
of personal attendance on his master, looking 
after the brushing and putting away of his 
clothes, and preparing his room for the morning's 
toilet. 

If there are visitors in the house who have not 
brought their own valets, he will probably be 
called upon to give them similar personal 
attendance. He will have no responsibility with 
regard to the washing of glass and the polishing 
of plate beyond that of seeing that the under- 
footmen carry out their duties in this direction 
efficiently. 

Duties of the Second and Third 
Footmen. The second footman has more 
onerous duties than those of the head footman, 
whom, in every way possible, he is called upon 
to assist. He may occasionally wait in the hall 
if many visitors are expected. His table duties 
include assistance in waiting, and in the washing 
of the gloss and silver used in the dining-room. 
In the afternoon he may be called upon to go 
out with the carriage if the ladies of the house 
wish to pay calls. In this case he should 
see that they are seated comfortably, and the 
rugs and wraps adjusted satisfactorily. He 
should place the umbrellas or sunshades in 
the carriage, and take from his mistress her 
order to the coachman as to the direction of the 
drive. He will then close the carriage door, and 
mount to his seat beside the coachman. When 
the house at which the mistress intends to call 
is reached he should descend from his seat, ring, 
and find out if the ladies are at home, telling his 
mistress and awaiting her orders. 

The third footman is responsible for the 
heavier dirty work, such as cleaning the knives 
and boots, filling the coalscuttles, etc. — in fact, 
carrying out the duties of a houseboy, if one is 
not kept. 

GENERAL MANSERVANT 

The single manservant does not wear livery, 
but his duties combine the most important items 
of the work of a butler, footman, and valet. 
He should rise early, and get such work as boot 
and knife cleaning finished before breakfast. He 
should see that his master’s clothes are brushed, 
and that hot water is in readiness in the dressing- 
room. He should then take his own breakfast, 
and afterwards set that of the household. After 
he has put the hot dishes on the table, he will 
probably not be required to wait at table, but 
may withdraw and begin to busy himself with 
the morning’s task. This may lx? plate-cleaning, 
etc. ; and he will also have to answer the front 
door. 

He will then set the luncheon, and attend 
at that meal until he is dismissed from the 
room, when he may retire and take his own 
dinner. After luncheon he will clear the tables, 
clean and wash the plate and glass used, and 
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in the afternoon he will generally answer the cases a boy is kept who does not wear livery, 
front-door bell, or go out with the carriage. In nor appear beyond the kitchen precincts. Such a 
the evening his duties will include the laying of boy is a useful adjunct in a house w here no other 
the dinner-table. He may be assisted by the manservant, either indoor or outdoor, is kept, 
parlourmaid, and also in the waiting at table The chief work of the houseboy is to perform 
during this meal. After dinner he will clear tasks which are too heavy for the maid- 
away, either unaided or assisted as before, and servants. For example, he will bring in coal, 
a little later bring in the cotfee. clean the knives and boots, and in general make 

Characteristics of a Good Footman, himself useful to the cook and housemaid. 


Certain physical characteristics are generally 
required in a good footman, such as fair height 
and good carriage. He should be invariably 
attentive and polite. He may often be sent on 
messages, or with* notes, and should restrain his 
curiosity as to their purport, and take only such 
time as is necessary for their delivery. In 
bringing a note or a card to his mistress he 
should offer it on a salver. In answering the 
door he should announce visitors distinctly by 
name, being careful to listen attentively when 
the visitor answers his query, “ What name, 
please ? ” Then in opening the front door for 
departing guests he should close the carriage 
door, unless they are accompanied by a footman. 
The front door should not be closed until the 
visitors are a short distance from the house. 

Coachman-gardener. The single man- 
servant sometimes confines his attention to 
outdoor work. The garden may fall to his share, 
and the rest of his time be devoted to boots, 
knives, window-cleaning, and the carrying of coal 
and the trimming of lamps. In such households 
the outdoor manservant may also be required 
to act occasionally as coachman, Hhould a carriage 
of any description be kept. In this case, his 
time will be fully occupied with his outdoor 
duties and those enumerated above, which 
include the rougher housework. 

He will not be required to do any other in- 
door work, or to wear livery, except j>erliaps 
when out driving. The outdoor manservant 
will probably be required to arrive about seven 
in the morning. Before breakfast he will pro- 
bably clean the boots and bring in the coal. 
Then he will go home to his breakfast, unless 
by arrangement he takes it with the other 
servants of the household. He will busy him- 
self in the garden until after dinner, when he 
will probably be required to drive his mistress. 
On his return he will have the carriage to clean 
and the horse to look after, and about 6 p.m. 
he will be free to leave. He will doubtless be 
required to call at the house for any particular 
orders, or to take letters to the post. 

PAGE AND HOUSEBOY 

The page wears a livery, and his duties vary 
considerably in every household. In some, 
where ho is kept as a concession to appearance, 
he will be expected to be neat, and ready always 
to answer the front door. He may also have to 
wait at table and carry messages. In the ease 
of professional men, it is almost a necessity for 
a page to be kept whose almost exclusive duty 
it is to answer the front-door bell. In other 


Both page and houseboy may, by making good 
use of their opportunities, fit themselves to 
perform more important duties as they grow older. 
The most capable butler is generally the result of 
many years’ training in a gentleman’s house. By 
beginning when young at the bottom of the scale 
he may gradually work his way upwards, learning 
in turn the duties of each indoor manservant 
from page to butler. In this way, by the time 
he is old enough to undertake the onerous and 
responsible duties of butler, he has gained a 
thorough knowledge of the duties of each servant 
he will have to supervise. His knowledge of 
their duties will be thorough, and will enable 
him to so direct the work of those under his 
control that he will ensure the most efficient 
service for his master. 

THE COACHMAN 

The coachman is the head of the stables, and 
should have a wide experience in dealing with 
horses. He should be skilful in driving, and 
able to decide wisely in matters concerning the 
exercise and feeding of the horses entrusted to 
hfim. Experience should have taught him how 
to deal with the minor ills which affect horses, 
and he should be able to discriminate between 
unimportant trifles and the symptoms of more 
serious disease. The coachman’s chief duty is to 
drive, and to drive well. Incidentally, he will 
have other duties connected with the care oi 
the horses, the stable arrangements, and the 
cleaning of the carriage, but his chief work is 
the management of the horses. He will 
probably be required to assist in their choice, and 
so should be a judge of horseflesh. In selecting 
a pair he should endeavour, if his master allows 
him to assist in the choice, to select two that are 
well-matched, not only as regards colour and 
height, but also in habits and pace. Should 
they differ widely, he must use his discretion in 
making them work together as harmoniously 
•as possible. 

Ho should see, before driving up to the front 
door to fetch his mistress, that everything con- 
nected with both carriage and horses is well- 
arranged and in order. He is not expected to 
desoend from the box, even should no other man- 
servant accompany the carriage, for the ladies 
can opon the door from the inside themselves. 
During the drive the coachman should confine 
his attention to the horses, and avoid any dis- 
traction which might lead to an accident. He 
should avoid letting his horses get into lazy 
habits, but at the same time he must not over- 
drive them. [See Driving.] 
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careless gathering and dressing have greasy 
reduced the market reputation of the fibre. 
Perhaps the fact most important in connection 
with this fibre is the establishment of an im- 
portant industry in New Zetland on the basis 
of “ Phormium tenax,” as the plant is named. 
Alone in Australasia, New Zea- 
land has flax manufactures, the 
industry employing, in 1903, 

2,637 male workers. 

Allies of Flax. BanOchra, 
or Toja , grows in the tropics of 
both hemispheres. The fibre, 
which can be oisily treated, is 
said to bo a good substitute for 
I lax. 

Bed Sorrel grows in the West 
Indies, and is widely cultivated 
throughout India and Ceylon for 
the sake of its fleshy calyx, from 
which an excellent jelly is made. 

The fibre from the stem is strong 
and of silky quality, largely used 
by the natives for < orda e. 

The Pineajtple is well known 
as a fruit, but it may be made 
to yield also a very good fibre, 
capable of being woven into fine 
fabrics. A native of tropical 
America, the pineapple has been successfully 
cultivated in South Africa, end all over Aus- 
tralia, the crop being pecially cultivated in 
Qu ensland. "The fibre is derived from the 
Laves of the plant, and as growers, for the 
most part, cultivate for the fruit, the best 
quality of fibre is 
derived from the 
wild plants. If the 
fibre were to come 
greatly into favour, 
as it might very 
well do, growers 
would pay more 
attention to the 
development of the 
leaf. Fibre has l>een 
taken from the 
pineapple leaf 6 ft. 
long. 

Hempen 
Fibres. The Ab- 
rome abounds in 
the hotter parts of 
India, and is culti- 
vated by the 
natives for its fibre, 
used for cordage. 

This little buBh 
should be better 
known than it is, 
because its fibre is 
fine, white, lus- 
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SISAL PLANT 
[Bahamas] 

trous, and strong, and might be used as a substi- 
tute for Bilk. So quickly does the plant grow 
that three crops can be reaped in one year. It 
responds to cultivation more gratefully than 
either jute or Sunn hemp. 

The Ko Hemp plant is a native of China and 
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Japan, where the prepared fibre has long been 
woven into summer under-garments. The doth 
keeps free from the skin under conditions when 
all other fibres cling. 

Dunchi has been cultivated for many oenturies 
by the natives of the marshy districts of India, 
and it is found all over the 
tropical regions of the Old 
World. The plant is a hardy 
annual, and thj fibre is a good 
substi ute for hemp. 

Sisal plaint [21] is grown exten- 
sively in the Bahamas, and is 
second only to Manilla hemp in 
value as a rope fibre. It is an 
attractive plant, with a thick 
bu h of spike-p minted, fleshy 
leaves, and a straight, flowering 
stem rising from the < entre. 
Sisal hemp is easily grown, and 
the fibre [22] is separated by a 
very simple process. 

The fibre of the Ochro, or 
Gombo, is very white, strong and 
pliable, but the plant is grown 
for its fruit, which is used as a 
food, and the fibre is not much 
< onsidered. It will grow almost 
anywhere in a hot climate, and 
should be a valuable source of fibre. 

The plant known as the Bola , in Bengal, is 
one of those vegetable products which flourish 
best in conditions fatal to all others. On the 
sandy tracts of Northern India it grows pro- 
fusely, and the fibre — a strong, useful substance, 
mi table for cord- 
age and ropes — 
parts from the 
outer bark with 
little trouble. 

Varieties of 
Jute Substi- 
tutes. M usk 
Mallow , the seeds 
of which are useful 
to perfumery 
manufacturers, is 
a tropical plant of 
luxuriant growth, 
yielding a fibre of 
a qu ality re- 
sembling jute at 
the rate of about 
800 lb. to the acre. 

Bolobolo is a 
handsome flower- 
ing shrub, native to 
Sierra Leone, Sene- 
gambia, the Came- 
roons River, and 
the Congo. Closely 
allied to the jute 
plant, it yields a stronger, finer fibre, and would 
command a higher price on the market. 

Sahadebi is a wild plant of the mallow family, 
growing abundantly all over India, and dis- 
tributed all over the tropics. « Closely related 
to jute, according to Dr. Watt, editor of the 
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*' Dictionary cf iSconomic Products of India,” 
“ its claims to superiority over jute are very 
considerable. The fibre is not half so coarse as 
jute, and it is of a much purer quality, and can, 
therefore, be spun into finer yams.” 

Another rival to jute, of the mallow tribe, 
is the Ban , or Banohendi, generally supposed to 
be a native of the tropical zme of West Africa 
and tropical America, but found abundant in 
the damp lands of Bombay. It yields a fibre 
almost as soft as silk, 8 ft. to 9 ft. long. 

Other Rope-maRing Fibres. The 
Kanghiy of Hindostan, a small mallow, dis- 
tributed throughout the tropics, yields a 
strong fibre suitable for ropemaking. Its 
relative, better known as the Indian Mallow 
or American Jute, has a softer fibre, nd is 
regarded as a jute by the 
Chinese, who produce large 
quantities of it. The plant * - 

flourishes over a wide area, , 

both in Asia and North m 


America, having Income a 3 

troublesome weed in the f 
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of Nessus, the stinging filaments passing into 
the body of the fabric. Perhaps some means 
might bo devised for destroying the noxious 
quality, which, for the present, is sufficient to 
exclude the fibre from the European market. 

Scaroely so well known as the Nilgherry nettle, 
and free from its main defect, though of the 
nettle family, is the shrub known to botanists as 
the DebregeaMa hypoleuca , abounding in the 
western Himalayas, Afghanistan, and Abyssinia. 
Growing to a height of 9 ft., the stalk about the 
thickness of a man's finger, the shrub has potent 
claims upon the attention of users of bast fibres. 
When subjected to the same treatment as flax or 
hemp, the stem yields a strong fibre, white, clean, 
and delicately fine. Its textile qualities have 
never been thoroughly examined. Because it 
does not rot in water, the 


people of the lands where 
it grows use the fibre for 


fishing-nets. 


Co r. Coir is one of the 


best known rope and mat 
fibres. It is derived from 


middle States of the latter 
continent. 

Nilgherry Nettle. 

Belonging to the order 
Urticacece, and a near rela- 
tive of the common stinging 
nettle, this plant grows in 
great profusion throughout 
the forests of the hilly dis- 
tricts of India, Burmah, 
and Ceylon. The stem is 
from 5 to 7 ft. long, and 
yields a fine fibre of great 
strength and high spinning 
value. Natives of the dis- 
tricts where it grows weave 
it into a cloth which 
strongly resembles silk. 
The season for cutting is 
between August and Sep- 
tember. After being cut, 
the stems are stripped of 
leaves and dried in the sun. 
Dried hard, the stalks are 
boiled for twenty-four 
hours with wood ashes, and 



the unripe nut of the coco 
palm. Emptied of its suc- 
culent contents, the nut is 
immersed in water and 
retted for a period of six 
months. When taken from 
the pits, the nuts are de- 
nuded of fibre by beating 
with sticks. While yet soft, 
the coir is spun into yarn 
by the natives, and comes 
to this country in huge 
coils of hard, crinkled fibre. 
Being very light and strong, 
coir was used in the making 
of the earlier deep-sea tele- 
graph cables. Lacking the 
flexibility of hemp, coir is 
best suited for ropes having 
a straight pull, and does 
great service on docks and 
quays. In many depart- 
ments of industry coir has 
been displaced by wire 
ropes. Coir has found an- 
other outlet in mats, and 


then washed with water. This preparation sepa- 
rates the fibres from the rest of the stem, and 
the long tresses are dried again in the sun. 
When dried, the fibres are spun into yam 
or made into cordage. The yam is woven into 
a fine cloth of wonderful texture and durability. 
Like most plants which seem to be candidates 
for textile honours, the Nilgherry nettle has had 
its day of “ booming.” Of the excellent spinning 
quality of the fibre there never has been much 
question ; but- it has one defect which repels. 
Being a large and powerful nettle, it is covered 
with stinging hairs filled with a virulent irritant 
extremely annoying to the gatherers of the stems. 
Nor does the preparatory process altogether 
destroy this stinging property. From all 
accounts, it seems that tile cloth would make 
a very good modem substitute for the shirt 


for this the fibre has many good qualities. It may 
claim, indeed, to be the most serviceable of the 
mat fibres, combining durability with flexibility. 

Of fibres which may be utilised in the production 
of ropes and cordage there is an almost endless 
variety, both wild and cultivated; but, in the 
majority of cases, the fibres are consumed in the 
localities where they are grown, and therefore can 
only be considered as remotely potential, not 
actual, sources of fibre supply. In the list given, 
we have kept within the limits of the practical. 
Many experienced manufacturers will accuse us 
of having far exceeded that limit ; but the present 
is a time of rapid progress, and the resources of 
the world are being swiftly developed. The 
purely scientific abstraction of yesterday be- 
comes to-day a powerful factor in industry. 

Continued, 
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THE MICROSCOPIC STRUCTURE OF TEXTILE FIBRES 

By William I. Hannan, Lecturer on Fibre Technology 

shown very plainly under high magnification. 
It is probable that the grooved structure adds 
strength, but, in any case, it allows the light 
to penetrate the body of the fibre and shows 
up the tinctorial hues and dyes which silk 
retains so well and which makes it so highly 
prized as a fabric of fashion. The fibres of 
silk may be distinguished from those of cotton 
or linen by the use of Schultze’s solution, which 
is also the chief test for cellulose structures of the 
plant kingdom. 

The character and structure of a silk fabric 
may be readily seen to advantage when viewed 
with a 44 Coddington ” lens, which is of high 
magnifying power. If the details are not seen 
as clearly as desired, a microscope may then be 
used ; but in all cases of raw fibres where 
specific and structural discrimination is desired, 
it is wise to carry a “ Coddington,” or, at least, 
a triple lens, in order to bring out details not 
easily seen with the naked eye. The “ Codding- 
ton ” lens is used by many yam agents, cotton 

and silk manufacturers, buyers, and some 

cotton brokers. 

Fibrine is the chief constituent of silk. It 
is surrounded by a coating of albumen, which 
is. in turn, covered by a 
layer of gelatine. Other 
constituents of the silk 
fibre are fat and some 

colouring matters. The 

waste of silk is known as 
floureite and bourette . 

Cotton Fibres. Cotton 
fibres must be seen under 
the objective of the micro- 
scope in order to observe 
the natural convolutions of 
upon which the real spinning 
qualities depend ; and this method of examina- 
tion is more important than the price paid in the 
cotton markets. At many of the best secondary 
and technical schools in Lancashire the structure 
of fibres is not clearly taught. Young men trained 
in such schools accept important situations 
where fihres have to be dealt with and judged 
every day, and they lack a knowledge of fibre 
structure ; while young Germans, thoroughly 
instructed in this important department of 
textile technology, step into the same office and 
push them aside. 

A glance at 27 shows most clearly the highest 
stage of development which a cotton fibre can 
undergo. The fibres shown were 44 alive” on the 
cotton seed not long before being photographed. 
The terminal parts of the fibres are not shown 
on the plate, but if they were they would mark 
out the solid end of the fibre which is unsuitable 
for spinning, and is, therefore, cast out. The 
solid end referred to has been styled the cone 
of the fibre. 

At the top of the photograph are two fibres of 
special interest. That on the left-hand is fully 
ripe, w ith a spiral outline, and at every necklace- 
like division there appears a dense mark, which 


C XAMIN ATION of the fibres of commerce 
under the microscope reveals distinctive 
features and explains in great measure the peculiar 
fitness of respective fibres for certain purposes. 
A glance at the properties of fibres revealed 
under great magnification will have an interest 
both practical and academic. The microscope 
is being called into service more and more as 
soience is taking the guiding reins in modifying 
and developing modern industry. In the 
textile trades it has not yet attained the im- 
portance it possesses in the metallurgical and 
other manufacturing industries, but the ten- 
dency is all in the direction of greater knowledge 
through its instrumentality. 

Wool. The illustration [25] shows wool 
fibres under a high state of magnification. The 
centre fibre has well -developed scales, that are 
almost closed and overlapping on the surface 
of the fibre when the yolk or suint has been 
removed. But hero and there, on the left-hand 
side of the picture, are a few dot-like interrup- 
tions, which are evidently particles of natural 
yolk. The centre fibre is a fine specimen of a 
well-grown wool fibre, and the next fibre to it 
shows a graceful bend which extends over the 
greater part of the field. 

'The third fibre has a 
stouter appearance, with a 
dense structure, and, as it 
is crossed by the fourth 
fibre, it is fairly well bedded 
underneath. The fifth fibre 
is crossed by two others of 
nearly similar thickness ; 
and on the plate there is a 
translucent crossing of two 
fibres resembling a Maltese 
cross, which is always an 
when viewed with an objective with a clear 
penetration, such as the one used on this 
occasion. In the more highly magnified illus- 
tration [23], the photographer has brought 
into notice the typical structure of the wool 
fibre under the best natural conditions. 

As the wool fibres are bent, the contraction of 
one side is not at all ugly, and the cylindrical 
part shows up well ; and such fibres when 
treated properly in the machines they pass 
through, become well cleaned, and act well as 
they interlock and incorporate with companion 
fibres in the felting of the cloth. 

SilK Fibres. Silk fibres, when seen under 
the microscope [26], have, on account of their 
transparency, been likened to a cylindrical 
glass rod. They are a wonderful development of 
the animal kingdom. Silk is a consolidated, 
flexible gum, and its value can hardly be over- 
estimated in the textile industries. It is pro- 
duced from two glandulose structures or spin- 
nereUes , ono on each side of the body of the 
silkworm. The silk fibre is thus a twin fibre, 
wnth a groove between the two parts, as clearly 
indicated in the photograph. This grooved 
structure is not visible to the naked eye, but is 
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represents the inner oolouring matter of the 
protoplasm, which has been termed the Endo- 
chrome . This colouring matter is almost entirely 
absent in many of the American cotton lint, 
staples; and fibres. The brown Egyptian cotton 
fibres so highly represented on the field in 
incumbent positions, show the oolouring matter 
well, and may fairly represent the fibres of 
the brown yams, of fancy twists, and wefts. 
One of the fibres near the oentre of the plate 
curved to the left shows a broad diameter in the 
middle portion, and is typical of East Indian 
cotton fibres generally. At the bottom of the 
plate are two fibres with a uniform diameter, 
one curved to the right and the other to the 
left of the plate. This feature is characteristic 
of the American group of cottons, and the fibre 
area, highly magnified [24], shows the clear 
cell and wall. The fibre on American cotton 
seeds is persistent, and when the lint has been 
removed a downy coating of shorter fibres 
invests the seeds. This coating is sometimes 
used for paper-making, and in commerce the 
name of Shakers has been given to it. There are 
no stomata in cotton fibres, not even in the 
one separately photographed and so highly 
magnified. 

Flax Fibres. In the illustration [28] 
there is shown an example of the bastose tissue 
fibres of the well- 
known flax of com- 
merce. The fibres, 
when in a young 
state, are centred in 
the inner tissues of 
the straw-like struc- 
ture of the stem, 
and when the cortex 
or outer tissue has 
been removed by a process of retting, which has 
a destroying action on the over or outer coat of 
the stem, we have the fibres as shown. 

The plant is an annual, but it grows fast, 
and the fibrillous root hairs pick up quickly the 
food in the soil, and transform it into the pro- 
tective and reserve tissue material. 

The photomicrograph shows the character of 
the structure which facilitates the spinning 
qualities of flax. The fibres, as seen on the plate, 
are round and taper to an exceedingly fine 
point at each end. They are almost mucronulate. 
From the fine-pointed ends the fibres are 
broader, as may be observed, and of hard bastose 
consistence, with numerous pits or depressions. 
The presence of these pits prevents the fibres, 
when contiguous, from slipping, and this makes 
flax similar in its cohesive qualities and 
behaviour to cotton. 

It must not be forgotten that the flax fibre 
is a multicellular structure, and is endowed 
with properties which cotton does not possess ; 
therefore, flax must be regarded as a true fibre ; 
while cotton has a single* celled structure. 
Commercially, however, flax is commonly 
termed a “ linen fibre.” The natural structure 
of the flax fibre facilitates spinning and weaving, 
and imparts the peculiar and valuable pro- 
perties distinguishing true linenwoven fabrics. 


The flax fibres have an incumbent tendency in 
the cloth, and this has much to do with the 
secret of making the finest and. most durable 
fabrics that oan be woven. 

Jute Films. The fibres of jute are 
obtained from the bast tissue, the most strength- 
ening portion of the stem of the jute plant. 
They must be styled bastose fibres in contra- 
distinction to those of ootton. The surface 
hairs of the ootton seed are intended to 
transport the seed when thoroughly mature. 

Jute fibres have been compared to gas and 
water pipes. The finer cellulose features may 
be likened to the micellae of fine tissue which has 
only partly undergone the woody change in 
the cell wall and tissue structures. The fibres 
are strong, and they owe their strength to the 
structural parts of the tissue and the glossy, 
silky tissue of the cells which have become solid. 

When the cells have undergone their harden- 
ing process, the vital or protoplasmic, active 
element of the cells may move to other im- 
portant building-up parts, and so leave a cavity 
or space, which imparts value in the spinning 
properties. This hardening of the cell tissues 
may be compared to the grand period of growth 
that takes place in a cell wall when it arrives 
at its mature stage of development. 

The strength and distending property of hard 
bast fibres of jute, 
ramie, and, in a less 
degree, of flax, must 
depend on and has 
been compared in 
mechanical struc- 
ture and fineness to 
steel. Nevertheless, 
the fibres of jute and 
similar plants are 
found to be the best cellulose material for 
pliability, elasticity, and cohesion in the making 
of cordage and fabrics to stand hard wear, and 
for strings for spindle wharves. The fibres 
in 29 are good examples of the jute fibrous 
structure. It must always be remembered that 
the strength and fineness of the tissues are the 
chief factors of jute fibres. 

Ramie. Under the microscope, ramie ap- 
pears as a flattened tissue structure, with very 
delicate transverse markings. In the illus- 
stration [80] there are some fibres with faint 
lines apparently longitudinally striated, and if 
these depressed lines were constant in the tissue 
we should have a stem structure that would 
compete with that of cotton fibre. The faintness 
of the markings on the stem or bastose tissues 
probably cauBeB the fibres to be so highly 
polished, and so tender in the bend. The same 
characteristic imparts the fine elasticity when 
stretched, and causes them to break with an 
extreme springiness when distended beyond 
their tensile strength, but they pull finely when 
skilfully drawn out with the fingers of both 
hands. When these fibres have undergone a 
bleaching process, the faint markings seem to be 
suppressed, and the lustre shows up much better. 

The ramie of commerce has its fibres always 
centred in the stem structures. 
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WHAT DARWIN BELIEVED BIOLOGY 

Darwinian Theory of Evolution. Doctrine of Natural Selection. Facts on which 6 
the Doctrine is Based. Adaptation to Environment. Formation of New Species C onti m u<i „om 

l>turc CO l 

By Dr. GERALD LEIGHTON 


'THE Darwin theory of organic evolution 
* was given to the world simultaneously by 
Charles Darwin and Alfred Russel Wallace in 
the year 1858. These two great naturalists 
had been working quite independently upon 
facts which they had collected in entirely 
different parts of the world, and, os tho results 
of their independent consideration of these 
facts, they reached a common conclusion as 
to the mode of origin of the various species of 
animals and plants now found in the world. 
The history of the publication of those views 
is one of the most interesting pages of scientific 
records. 

How Darwin Changed the Trend of 
Thought. It is not too much to say that the 
publication of Darwin’s views has changed the 
whole trend of thought in the modem scientific 
world. At first his opinions wore received with 
strong and even bitter opposition in many 
quarters, especially after the issue, in 1859, of 
“ The Origin of Species ; ” but from that date to 
this they have gradually gathered support from 
all educated people, until now either Darwinism, 
or some view of organic evolution which has 
been built upon Darwin’s work, ie hold by 
everyone who has taken the trouble to make 
himself familiar with the facts of biology. A 
theory which has achieved such a result, which 
has altered our conception of things in almost 
every department of life, demands careful 
attention, and must be studied somewhat more 
fully than others which have been more or less 
discarded. 

Although Darwin accepted the theory of 
Lamarck to a certain extent, he very clearly 
perceived that it was totally inadequate to 
explain all the facts. He was also of opinion 
that acquirements may be transmitted to off- 
spring, and play their part as factors in organic 
evolution. But he also saw that parental sur- 
roundings and environment could not be the sole 
cause of the variations of offspring, or else a 
litter of puppies all born from parents having 
the same environment would all inherit the 
same acquirements. Instead of that being the 
actual case, Darwin noted that such puppies 
might be superior or inferior to their parents in 
regard to particular qualities, and that they 
might present entirely new variations. He de- 
duced from cases of this kind the opinion that 
there must necessarily be some other reason or 
causes of variations in offspring than merely the 
transmission of the acquired characters of tho 
parents. On that undoubted fact he based his 
theory. 

From this deduction he proceeded to enunciate 
the doctrine which will ever be associated with 
his name — viz., the doctrine of Natural Selection. 


What Natural Selection Means. It is 

to l>e noted that Darwin did not attempt, in his 
theory to account for the differences or variations 
ho found to exist. He simply noted the fact of 
their existence, and pointed out that some of 
them could not l>e attributed' to the transmission 
of acquired characters. In the absence of any 
adequate explanation of these variations they 
were termed spontaneous or accidental , in the 
sense wo have already explained. Darwin then 
came, to tho conclusion that Nature acted as a 
breeder would do, selecting certain of these 
variations from which to continue tho race, 
and rejecting others. Those which wore rejected 
wore in time eliminated. He supposed that as 
a general rule Nature selected the superior 
individuals to continue tho race, the superior 
individuals being those which possessed some 
variation which rendered them particularly well 
adapted to the environment in which they 
found themselves. He was driven to the opinion 
that some sort of selection was at work by 
ascertaining that tho number of individuals in 
any species of plant or animal which survive and 
have offspring of their own is not identical with 
the number that come into the world. Some 
disappear. 

The question which suggested itself to him 
was, Which individuals do not survive, and 
why are they the ones to be eliminated ? The 
answer which forced itself upon him was that the 
survivors must be those which are better fitted 
to their surroundings. Nature selects theso and 
eliminates the less fit. This is Darwin’s doctrine 
of natural selection. 

The Struggle for Existence. For a 

considerable time there were many people who 
could not, or would not, seo the necessity for 
some kind of selection among offspring. Indeed, 
there are still a few who deny the strugglo for 
existence. They are an ever-diminishing number, 
and in view of the facts of the ease it is very 
difficult to account for such an attitude. 

In the first place, it is perfectly obvious that 
there is only a limited amount of space on our 
earth which is habitable for any given species. 
There must, therefore, be some limit to the 
number of either plants or animals which can 
“ make a living ” at any given time. A certain 
number only, from the nature of the case, can 
exist together. In the next place, it is a simple 
fact that every living creature tends to increase 
in numbers, some more rapidly than others, 
but all more or less rapidly. Yet if we examine 
any given species in a certain locality we find 
that, in spite of this fact of continuous and un- 
interrupted reproduction, the total number of 
individuals in that locality remains fairly con- 
stant. There may be some increase or some 
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decrease, but, speaking generally, the numbers 
do not change to a great extent unless the 
surroundings also vary. It follows that some kind 
of check must be operating to keep the numbers 
within limits. 

Nature's ChecKa on Overcrowding. 

Let us take an example to illustrate this point. 
The elephant is an animal which increases in 
numbers with the minimum rapidity. It has a 
family of six only during a period of some sixty 
years on an average. An individual elephant li ves 
for about one hundred years. If every elephant 
which is bom survived and had the average 
number of offspring, the result would be that 
we should find a total of about nineteen million 
elephants descended from a single pair after the 
lapse of from 740 to 750 years. This, be it noted, 
in a species which breeds with extreme slowness. 
Such a result, of course, does not occur. 

Still more striking would be the result in the 
case of an animal which increases with great 
rapidity. Take the case of the field vole. This 
little mammal produces several broods during 
the same summer, and some of these young ones 
in their turn breed before the winter. It has been 
calculated that if there were no checks to the 
increase of the field vole, a single pair of these 
animals, supposing their first brood to be born 
on April 16th in any given year, would produce 
by October 8th following no less than 193. 

Occasionally it does happen that the ordinary 
causes which keep down these numbers fail to 
operate, with the result that enormous numbers 
make their appearance in certain localities, 
doing extensive damage to crops. Such seasons 
arc called “ vole years.” A similar phenomenon 
is seen sometimes on the introduction into a new 
country of a species which in its native land was 
kept down by natural checks. These checks 
may not be operative in the new habitat, and the 
result is the enormous mulitiplication of the 
introduced species. The rabbit in New Zealand 
and Australia is a case in point. The sparrow in 
the same countries is another. 

Life is a Constant Fight for Life. 
Since this enormous and phenomenal increase in 
numbers of offspring stated above does not take 
place under ordinary conditions, it follows that 
there must be some kind of very stringent means 
to prevent it. There is not room nor food nor 
opportunity for all to survive and multiply. In 
other woras, life is a constant fight for life ; it 
is, in the language of the Darwinian theory, a 
constant struggle for existence. Every single plant 
and every single animal which is living under 
natural conditions is continually engaged in a 
more or less keen competition with others of its 
own species, and also with other kinds of plants 
and animals. Not only has the plant and the 
animal to compete with plant and animal, but 
each has also to struggle against the ever-changing 
climatic conditions which form part of its 
environment. The living have to contend with 
the non-living physical forces around them as 
well as with the competitors of their own kind. 
Hie inevitable result is that those individuals 
which for any reason surpass others in this 
continual struggle with environment are the 
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individuals which survive and perpetuate their 
kind. They are naturally selected. The battle is 
to the strong. The weak go to the wall In a 
word, the keynote of Nature is the survival of 
the fittest by natural selection in the struggle far 
existence. 

Who are the Fittest? It must 
be carefully borne in mind that the term 
fittest in connection with organic evolution has 
a definite meaning. It does not mean exactly 
what is implied in the everyday use of the term; 
It does not necessarily mean what we might 
be inclined to call the best. It means the best 
in a biological sense only. The term refers to 
the individual and his surroundings. It means 
that individual which is most fit for the environ- 
ment in which it is placed ; best in that sense. 
Since all individuals vary somewhat, it follows 
that some are more fit — are better, in this sense — 
for the particular environment in which they 
find themselves. It cannot be otherwise ; it is 
an everyday experience. As long as the environ- 
ment acts upon all alike, as it does under natural 
conditions, it follows that the fittest will survive, 
while the least fit are eliminated. 

The other factor which completes the Darwinian 
theory is the influence of heredity. No one can 
possibly deny the fact that certain characters can 
be and are transmitted from one generation 
to another. Darwin believed that natural 
selection operated in the direction of choosing 
in a species those individuals which had varied 
in a way which gave them some advantage over 
their fellows, and that their favourable variations 
were transmitted to tlieir offspring. He did 
not, it will be remembered, attempt to account 
for these favourable variations. He termed 
them spontaneous. 

But he came to the conclusion that, no matter 
how these variations originated, the individuals 
showing variations which adapted them to their 
surroundings would have the best chance of 
surviving and having offspring. They would be 
the fittest to survive in the struggle for existence. 
The result of the mating or pairing of individuals 
thus favoured would be to hand on to their off- 
spring their useful variations by means of 
heredity, and as these advantageous variations 
accumulated, there would ultimately be pro- 
duced creatures which would constitute new 
varieties or new species. The selection by 
Nature was thus a selection of useful or 
advantageous variations which were transmitted 
to offspring by heredity. 

The Simple Meaning of Darwinism. 
These useful variations, Darwin thought, were 
generally slight in amount, but sufficient to 
confer upon their possessors some advantage 
in the struggle for existence. In the case of the 
antelope, for example, those individuals which 
possessed slightly more endurance, speed, scent, 
and so forth, would be better able to survive 
than their less-favoured brethren ; they would 
therefore be selected, would hand on ad- 
vantageous variations to their offspring by 
means of heredity, and so in v time there would 
be evolved the creature with which we are 
familiar. 



This, put in the simplest way, is the meaning 
of Darwinism. It does not mean, any more 
than does evolution, that man is descended 
from a chimpanzee. It accounts for the origin 
of species by natural selection. Before con- 
sideling other points in connection with this 
view we may conveniently summarise the whole 
theory. 

Two Facto and Their Meaning. 

Darwinism is founded upon two well-ascertained 
facts from which two inferences are deduced. 

The facts are as follow : 

(a) The universal occurrence of variations in 
individuals of every species. 

(b) The number of individuals in any species 
which survive and beget a full quota of offspring 
is not the same as the number of individuals 
which come into being, great numbers perishing 
before reaching either maturity or old age. 

The inferences are these : 

(a) As a rule the individuals which survive and 
have offspring are those which are better fitted 
to the environment in which they are placed 
than are those which perish. 

(b) By this survival of the fittest in the struggle 
for existence and the consequent elimination 
of the unfit, the average of the race is raised 
in successive generations by means of heredity, the 
result being the gradual evoluti n of living 
creatures. 

A very clear way of stating the theory is that 
of Professor Ainsworth Davis, which is as 
follows : 

Proved Fa errs : 

Limited surface of globe and rapid increase 
in numbers. 

Struggle for existence and variation. 

Natural selection and heredity. 

Necessary Consequences: 

Struggle for existence. 

Natural selection, or survival of the fittest. 

Origin of new species. 

Can Acquired Characters be Trans- 
mitted ? We have now stated in the barest 
outline the two great theories of organic evolu- 
tion — the Lamarckian and the Darwinian theories. 
At present neither of these theories is held, to 
any great extent, in quite the. same way, or in the 
same terms, as those in which they were 
originally propounded. Much lias happened in 
the scientific world since Darwin gave the 
world the theory of natural selection, and his 
modem followers, while accepting his main 
contentions, declare that he underrated his 
own discovery. 

It will be remembered that Darwin simply 
accepted the undoubted fact of universal varia- 
tion without attempting to account for it, and at 
the same time denied the teaching of Lamarck 
that it arose entirely from the transmission of 
acquirements. His modem followers, the 
Neo-Darwinians, go much further, and declare 
not merely was Lamarck partly wrong, but 
that he was wholly wrong in this matter. 
They assert that acquired characters are never 
transmitted They believe that Darwinism 
does more than account for organic evolution 


partially — that it does so entirely. They 
strenuously deny Lamarck's view of the origin 
of variations which Darwin thought might be 
\ partially true. 

WorRing of the Darwinian Theory. 

It will be well, for the sake of dearness, 
to give some illustrations of the applica- 
tion of Darwinism, just as we did in the oase 
of Lamarck’s theory. The oentral idea, be it 
remembered, is the natural selection of Bmall 
favourable spontaneous variations. Living 
beings, as a rule, are so well adapted to their 
surroundings that great variations and abnor- 
malities are not advantageous, but rather the 
contrary. For that reason they tend to die 
out in a few generations. Thus, a man's hand 
may vary from that of his father in the possession 
of a sixth finger, a great variation or an abnor- 
mality which is of no use, and which in a few 
generations disappears. Usually the difference 
is in size, strength, or texture — t.e., small 
variations. The followers of Darwin suppose 
that all structures began originally as slight 
variations from pre-existing ones, and that the 
complex organs were evolved by the gradual 
and continued addition of Bmall variations. 

According to this view, the antlers of deer would 
originate thus. Amongst the hornless ancestors of 
deer there would Ik 1 some which varied from their 
fellows in having thicker and stronger frontal 
— i.e ., forehead — bones, and theses by pushing 
and butting with the head when the -struggle 
for mates took place, would lx; the more success- 
ful. They would be the individuals selected 
to carry on the race. In their offspring the 
thick and strong frontal bones would 1x5 still 
more marked, and, through the survival of the 
fittest and heredity, there would be gradually 
evolved deer with small bony prominences 
on the forehead. By the still further accumula- 
tion of slight and favourable variations in this 
direction, antlers made their appearance, and 
continued to enlarge so long as tin* enlargement 
was of a useful character, but no further. 

The NecK of the Giraffe. The 

theory of Lamarck, would account for the 
extraordinarily long nock of the giraffe by 
saying that giraffes were in the habit of stretch- 
ing their necks to feed on branches of trees, 
and that this stretching lengthened the neck 
of the individual ; the individual then handed 
on this acquired extra length of neck to his 
offspring, and thus there arose long-necked 
giraffes. 

According to Darwinism, however, the long- 
necked giraffe is due entirely to a natural 
selection of individuals who were bom with 
longer necks than their fellows, .and had thus 
the best chance of survival in their particular 
environment. In times of great scarcity of 
food the shorter-necked individuals would be at 
a disadvantage in the matter of food, and the 
propagation of the race was therefore left to 
the long -necked individuals. This process, 
continued through many generations, would 
gradually result in the production of the modem 
giraffe as we see it. 
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The Speed of Hares, and other 
Examples. One or two other oases will 
bring out the contrast between the two views 
still more prominently. “ Lamarckians believe 
that hares run swiftly because their efforts at 
swift running developed the appropriate struc- 
tures. and mis improvement, transmitted and 
increased generation after generation, resulted 
at last in that very swift animal, the modem 
hare. Neo-Darwinians contend that the great 
speed of hares is due to the fact that those 
animals who were naturally the swiftest escaped 
their enemies, and that by this means, during 
the process of ages, was the swift modem hare 
evolved. Say they, all animals other than 
giraffes also stretched upwards for food, yet their 
necks did not grow long ; all animals other 
than hares strove t-o run fast, yet they did not 
become so speedy. On the contrary, their 
survival was secured by evolving in other 
directions. Lamarckians assert, but Neo- 
Darwinians deny, that- the child of him who 
does hard manual labour tends to have at birth 
thicker skin in the palms than the child of him 
who labours only with his brains. 

“ Neo-Darwinians say that a naturally tall man 
tends to have tall children, but that, no matter 
how a man is stretched or how he stretches 
himself, his children will not be; the taller in the 
smallest degree for the stretching. Lamarckians 
affirm that they 'will. Lamarckians maintain 
that if a blacksmith increases the size of his 
muscles by labour his children will thereby 
profit, and have stronger muscles than they 
would otherwise have had. Neo-D irwinians 
deny this. Lamarckians affirm that if a man 
develops his brains by study his children will 
have Ixdlcr brains for this purpose. This, 
again, the Neo- Darwinians deny. Lamarckians 
maintain that if a man has children, and then, 
after falling into ill-health, has more children, 
the latter will bo more feeble than the former. 
This, yet again, is denied by Neo-Darwinians.” 
(Dr. Archdall Reid.) 

The Theories Compared. Having 
broadly stated the two great lines of thought 
eonceming organic evolution, the Darwinian 
and the Lamarckian, the next step is to compare 
and contrast these theories and weigh the 
evidence for and against. 

All other theories of organic evolution are, 
more or less, modifications of these two, in 
spite of what their authors may say to the 
contrary. It must be so from the nature of the 
case. There are only two possible roads which 
can be followed, although there are side-paths 
to these roads. Organic evolution must pro- 
ceed either by the transmission of inborn 
characters from parent to offspring and by their 
accumulation during successive generations, or 
it must proceed by the transmission of acquired 
characters in the same way, simply because no 
other kinds of traits exist in living organisms 
but these two groups. Whatever name, there- 
fore, may be given to a theory brought forward, 
it, of necessity, is either Lamarckian or Dar- 
winian in essence. 
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Enough has been said, and sufficient examples 
given, to show that these two viewB of organic 
evolution are in violent opposition and violent 
contrast. 

Agencies of Evolution* In the first 
place, we are struck with the fact that 
Lamarckianism attributes evolution to the 
operation of beneficial agencies. It supposes 
that good food, fresh air, healthy moral and 
physical surroundings, exercise, ana such factors 
are the cause of evolution by the handing on of 
acquirements to offspring, as seen in the 
examples quoted. In the same way, the theory 
supposes that the injurious agencies would cause 
enfeeblement and ultimate degeneration and 
destruction of the race by injuries or disease 
handed on to offspring and accumulated. 

On the other hand, Darwinism attributes 
organic evolution, not to beneficial agencies, 
but to injurious ones causing a selection of 
individuals. This is a profoundly important 
matter, and one which bears directly upon the 
problems of social welfare. Note most carefully 
that it is not every injurious agency which can act 
as a factor in evolution. It must be one which 
is sufficiently powerful to separate the fit from 
the unfit, to discriminate between what is 
superior and inferior in any given environment. 
In other words, according to Darwinians, these 
injurious agencies must be selective in order to 
cause organic evolution. 

Selective Agents. Under the influence 
of factors which are sufficiently potent to cause 
selection of individuals of a given type, the fittest 
will inevitably be tho*e who will survive and 
continue the race. The other less favoured 
individuals will to a great extent be eliminated. 
“ It follows, if an injurious agency is so little 
injurious as not to influence the death (or birth) 
rate, or so very injurious as not to discriminate 
between the fit and the unfit, that it cannot be 
a cause of evolution. In the one case the unfit 
are not eliminated ; in the other the fit do not 
survive.” (Reid.) We see, therefore, that 
what are called accidental deaths cannot affect 
the cause of evolution. For example, deaths 
by drowning, or fire, or in warfare, although 
they are responsible for the loss of many lives, 
do not cause evolution, because they arc not 
selective. A bullet does not select the fit 
or the unfit. Both alike succumb. So fire and 
water do not select any special types of indi- 
vidual for survival, and are therefore not 
selective agents in the evolutionary sense. 

Stringent selection is therefore the Darwinian 
explanation of organic evolution, whereas the 
Lamarckian theory attributes evolution to the 
action of beneficial agencies upon a species. 
According to Darwin an injurious agency will 
act by eliminating the unfit ; according to 
Lamarck it will cause degeneration by trans- 
mission of acquired effects of weakness. 

Nature and the Breeder. It ib a 
remarkable and interesting fact that during 
every age those who have been engaged in the 
breeding of plants and animals have held the 
beliefs of Lamarck (whether consciously or 
unconsciously), but have acted upon v the 



Darwinian theory (knowingly or otherwise). The 
Lamarckian idea of the transmissibility of 
acquired characters is universally believed by 
the mass of people who have not carefully 
made inquiry into the evidence for and against. 
And yet even those who are convinced of its 
truth never think of applying it in aotual 
practical breeding experiments. 

Putting aside the beliefs of the plant or animal 
breeder — which are of no importance — consider 
his plan of action and note the result, which is of 
great importance. Suppose that he starts out 
with the object of producing a plant or animal 
of some special type, having some definite 
quality which is desirable for some purpose. He 
knows quite well that he cannot improve a 
species in all sorts of directions at the same time, 
and he does not attempt to do so. What is his 
method of procedure ? 

He proceeds by making a stringent selection 
of those animals from which he intends to 
breed. What does he select ? Does he pick 
out an individual which has acquired the special 
character he wishes to breed ? Not at all. He 
selects individuals which have varied naturally , 
spontaneously, in the required direction, and he 
mates them. Suppose that the horticulturist 
wishes to produce a strain of flowers of a given 
colour. He does not endeavour to make a 
plant acquire that colour by growing it in 
certain soil and watering it with certain pigments 
or manures, in the hope that the plant after 
acquiring the desired colour will produce 
offspring similarly coloured. What he does 
is to select individuals which have varied 
naturally in the desired direction, and reject 
the rest. He eliminates those unfit for his 
purpose and breeds from the fit. He must be 
content to improve his stock in a few directions 
only. 

Man as an Agent of Evolution. 

How can a breed of racehorses be established 
or produced ? Does the breeder take a horse 
of ordinary speed and proceed to train it by food 
and exercise until it is able to gallop a mile in 
a given time, and then breed from it, in the 
hope that this acquired faculty of speed will be 
transmitted to the offspring? Not at all. The 
breeder observes that some horseB are born with 
a greater capacity for speed than others. They 
are naturally, spontaneously, faster. He makes 
a stringent selection of such individuals and 
rejects all the rest. He finds that these inborn 
characters will give him the deBired result, 
whether he knows the reason or not. 

If the Neo-Darwinians are right, the same 
thing must occur in natural selection, and in 
that case the evolution in animals and plants 
could not take place in many directions at the 
same time. It is quite true that living species 
are very highly organised, and that they must 
have undergone evolution in all their characters, 
but not in all at once. For example: “ For 
thousands of years the eyes, the ears, the hands, 
the feet, and very many of the characters of 
man, have undergone no appreciable evolution. 
They were evolved during different but over- 
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lapping periods of a long extended past.'* 
(Reid.) 

“The proofs furnished by breeders are too 
conclusive. It is quite beyond dispute that 
offspring differ innately from their parents, 
that these innate differences, these variations, 
are transmissible to descendants, and that if 
advantage be taken of them by selecting for 
breeding purposes the superior individuals, 
while the rest are eliminated, evolution will 
result. The only point we have to prove is 
that Nature, like the breeder, exercises the 
necessary selection.” (Reid.) This brings us 
to the objections to the doctrine of natural 
selection, which we must now examine. 

Two Objections to Darwinism. There 
are only two serious objections which the 
supporters of the doctrine of natural selection 
have to meet. Very few scientific men hold 
either of them, but they are still advanced by 
some, and must be considered. The first objec- 
tion is that acquired characters can be trans- 
mitted to offspring, and that Darwinism does 
not therefore explain all the facts. We shall 
refer to the evidence upon this point in detail 
when we approach the problem of heredity. 

The second objection advanced by some is a 
more difficult one to answer. It is that Nature 
does not act upon the same lines as the breeder, 
that no real selection is made by Nature, that 
she works at random amongst variations ; in 
fact, that there is no such thing as a true 
natural selection of the fittest in a struggle for 
existence. These objectors affirm that such a 
selection could only be made by a conscious 
individual such as man, and that such a selection 
as ho makes for breeding purposes, an artificial 
selection, has no counterpart in the processes 
of Nature. 

Does Nature Really Select ? It 

may be admitted at onee that it is a matter 
of some difficulty to prove definite cases of 
selection by Nature amongst the wild plants 
and animals. The reason is that we are not 
sufficiently acquainted with all that hapjKins 
in their whole life-history. However reason- 
able it may be to believe that advantageous 
variations are selected by Nature, it is very 
difficult to point to actual cases in wild life, 
though the evidence from many sides is very 
conclusive as to its occurrence. But if we can 
prove that natural selection has acted in a very 
definite manner along the lines suggested by 
Darwin in any one species, we may reasonably 
conclude that such a method of action is applic- 
able to other species. 

Curiously enough, the animal which has been 
most neglected in this inquiry is the one best 
known to all men — viz., Man himself. If 
natural selection has been the great agency of 
organic evolution, we surely ought to find 
some striking evidence of its operation in the 
production of its greatest result. Is it possible, 
then, to point out how natural selection has 
affected the evolution of man himself, and is 
still so doing ? 

Continued 
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now give a number of selected examples 
of mechanism illustrative of the application 
of the skoleton force diagrams which were em- 
bodied in the last article. The levers there shown 
are simply the lever crank chains of Reuleaux, and 
the arms are the links turning about permanent 
oentres. The skeleton lines have no relation to 
the actual shape of the mechanisms, they simply 
give relations, ideas, as evidenced by the differ- 
ences in an engine beam, a crank, a toothed 
wheel, an eccentric, etc. The student should 
exercise his faculties in tracing out the elements 
of mechanics through other diverse forms. 

Examples of the Lever. Levers of 
the so-called first order [58, page 686] occur 
most frequently. The most familiar form 
after the common pair of scales is that of 
an engine beam, in which the arms are equal 
on each side of the fulcrum, or central pivot, 
and the loads equally bain need ; that due to 
the steam pressure' on one side, and the resist- 
ances offered by the connecting-rod and fly- 
wheel on the other. As the greatest stresses 
come on the beam at the centre, due to the 
leverage exerted by the arms, the double 
parabolic outline is adopted, a form which, 
varied with plain tapered outlines, recurs 
constantly. Such a lever is subject to forces 
tending to snap it off near or through the 
fulcrum, and therefore the thickness of metal, 
in east iron, has to be very liberally proportioned. 
Such beams have frequently broken after 
years of service. A terrible colliery accident 
once resulted from such a beam breaking. In 
the older engines, timber was used largely ; in 
modem practice, mild steel plates are commonly 
used for beams, large and small alike, two or 
more being laid parallel, with distance pieces 
intervening. 

Air«p\imp Lever. An unequal-armed 
beam, a lever of the first order, is illustrated in 
72, being an air-pump lever for an engine of 
marine type. The usual proportion for such 
levers is 2 to 1 — t>., the air-pump piston has 
just half the stroke of the engine p'ston. The 
load upon the pump end of the lever is found 
by multiplying the area of the pump piston 
or bucket by 30 lb. per square inch. This 
latter figure makes allowance for the various 
frictional resistances as well as the load due to 
suction, etc. Then, applying the principle of 
the lever, the load on the engine end is 
Area of pump piston x 30 x A 
B 

A being the distance of the pump end from 
the pivot fulcrum, and B being the distance of 
the engine end from the fulcrum. The pins, 
bearings, and rods can then be designed to 
suit the resulting loads. The fulcrum pin has 


to sustain both loads as well as the weight of 
the work itself. 

CranKs. An engine crank [78] is one of 
the most familiar examples of the same group 
of levers. But here one arm is absent, so that 
it is a disguised form. But the deficient arm is 
provided by the resistance which is set up in 
the engine shaft by the driven mechanism, and 
which the crank has to overoome. A crank 
shaft is therefore subjected to severe torsion, 
just as though a massive weight were suspended 
from an arm attached to its circumference. 
The crank disc [74] is exactly the same element, 
as is clearly seen by the outlining of a crank 
on its face. The disc form has nothing to do 
with the twisting stress on the shaft, but 
the circular shape is imparted in order to 
obtain a counterbalance to the crank to 
enable it to rotate without a jerky move- 
ment, which counterbalance does not exist 
in 73. 

The bent crank in 75 is another example of 
a one -armed lever, the resistance to which is 
embodied in the crank shaft. As such cranks 
are liable also to jerky movements, they are 
often counterbalanced by other leverages. 
Thus, to counterbalance locomotive cranks, 
heavy weights arc inserted in the driving 
wheels opposite to the crank pins. Two- 
cylindcr compound marine engine cranks [76] 
often have weights formed as extensions of 
their webs. But for these provisions, loco- 
motives would knock themselves to pieces when 
running, and compound marine engines would 
be subject to excessive vibrations. 

Often the one-armed crank is balanced by 
other similar cranks in the same mechanism. 
Thus a pair of engines are set with their cranks, 
not in line, but at right angles, or sometimes 
diametrically opposite. Treble-barrel pumps 
have their cranks arranged in the three-throw 
style, or at angles of 120°, to balance each 
other [77]. 

An eccentric [78] is a crank, and therefore a 
lever, only the fact is disguised by the throw , 
and by the fact that the equivalent of the 
crank pin, instead of being of relatively small 
diameter, as in 73-77. is larger than the com- 
bined diameter of the shaft, plus double the 
eccentricity. The relation of the lever crank is 
indicated in the figure by the two small circles, 
centre of throw, and of rotation respectively. 

Going from smaller to larger examples, the 
great lifting bascules of the Tower Bridge are 
levers of the first order. Only one arm of each 
bascule is seen, the other is hidden within its 
pier. The arms are of unequal length, the 
shorter being in the piers, but equality of 
moments iB produced by increasing the mass 
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there, and adding counterweight, so that the 
long and short arms balance. 

The application of the lever of the first order 
[58] to the common balance is obvious. But 
it is applied to a large number of weighing 
machines in which the arms are not equal, 
including the public weighing engines of the 
streets and platform weighing machines. An 
enormous disproportion is made between the 
long and short arms, and thus a very slight 
depression at one end is multiplied many times 
at the other, and communicated to the steel- 
yard— another lever in the office. 

Foot BraKe. The second order of levers 
haB a typical example shown in 79— viz., a 
foot lever brake for an ordinary steam crane. 
The load on the brake band is, first of all, 
calculated by multiplying the pull by the 
diameter of the lifting barrel or drum, and 
dividing by the diameter of the brake band. 
The lifting drum in the example is 9 in. in 
diameter, the brake band 2 ft. 6 in., and the 
pull on the drum is 2 tons : 

_ 2 tons x 2240 lb. x 9 in. = ^ 

30 in. 

Only a portion of this comes upon the end of 
the strap that is operated by the lever. The 
exact amount depends upon the arc of contact 
which the strap makes with the brake drum, 
and upon the co-efficient of friction between 
the band and the drum. With a co-efficient of 
*02, and an arc of three-fourths of a circle, the 
load will be approximately *64 of the above 
sum ~ 1344 x *64 = 860 lb. Then, by the 
principle of the lever, the load on the foot 
treadle is 

860 x 2 5 in. __ ^ ^ 

42 in. 

With a brake of this class, it is necessary to 
balance the treadle and lever so as to ensure 
the brake being released freely when the pressure 
is removed from the treadle. This is accom- 
plished by forging an extension to the lever and 
securing a counter-weight thereon, the amount 
of which can be calculated by treating the case 
as a lever of the first order. 

The construction of brakes of this class 
generally utilises the friction between wood — 
elm and poplar — and cast iron. The brake blocks 
are made in widths of from 3 to 4 in., and 
screwed to a strap of thin sheet iron, which 
makes a flexible ' element, capable of being 
wTapped both freely and tightly round the 
turned rim of the band- wheel. The lever, being 
subjected to severe bending stress, is a forging, 
and the counterbalance weight is generally 
caBt with a hole t-o slide over the opposite 
end of the lever, to be fastened to it with a 
set bolt. 

Axle-turning Head. An excellent ex- 
ample of a lever of the second order is shown 
in the drive of the Armstrong- Whitworth axle- 
turning lathe [80]. The fulcrum is at one end 
in the oentre (A) of the axle which is being 
rotated. The power is at the opposite end, at 
the pitch line of the hollow toothed wheel (B) 
which rotates the axle, and the weight or load 
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is at the circumference of the axle, being turned 
by a cutting tool there. The smaller the axle, 
therefore, the greater is the mechanical gain. 

Power is gained also for turning the wheel 
by another lever, the driving pinion at the back 
(not shown) making with the wheel a pair of 
levers of the first order [ 88 ]. The pins (CC) 
standing out from the head are a Clement’s 
driver, employed to produce equal driving 
movements about the axle being turned. loathe 
men will recognise this as the familiar device 
adopted to balance the driving effort, and so 
prevent one-sided jerky movements of work 
about the centre. 

Clip. The third order of levers is not nearlv 
so much in evidence as are the first and second. 
Having no mechanical advantage, it finds 
applications only under peculiar conditions. An 
example is given in 81, in the form of a clip, 
that is used to prevent certain portions of 
machinery from revolving, and which is a useful 
detail when fitted to a derrick gear worm on a 
crane. The power to be exerted by the hand 
wheel and screw is, of course, determined by 
multiplying the pressure required on the clip 
by the distance A, and dividing by the dis- 
tance B. 

The illustration also shows the application of 
a screw (C) operated by a lever, the hand wheel 
(D) to gain sufficient power on the clip to over- 
come the turning movement of the worm gear. 
Here, as in the case of the lever [79] with long 
and short arms, enormous mechanical advantage 
is obtained by the exercise of the power of one 
man. 

Clasp Nut. Fig. 82 is a familiar example of 
a lever of the same order — the Whitworth clasp 
nut. The hinged levers (A A) have the nut 
portions attached at one end (in the form of 
half-brasses), while the power to operate them 
is derived from the cam plate (B), the pins of 
which transmit power. The cam plate is 
attached to the lever (C), the handle (D) of 
which extends to the front of the lathe. 

Spring Levers. There is a large number 
of levers in every order in which a spring is the 
element of either power or weight. They occur 
in the treadles of some forms of power hammers, 
and in the automatic trips of many machine 
tools. 

Fig. 83 shows a lever trip of one kind applied 
to the reversing motion of a grinding machine. 
The rod (A), being moved by a dog at a certain 
stage of the table travel, throws the fork (B) 
ana its clutch in either one or other direction, 
so putting the bevel wheels shown into engage- 
ment. To retain them thus, the spring plunger 
(C) has its end bevelled to match a bevel on one 
arm of B. The plunger is forced up as B pivots 
by the coiled spring behind it, when the bevelled 
faces lock. 

Force Pump. Levers are made with mov- 
able fulcrums to suit different pressures, as, for 
example, in 84, where an ordinary hydraulic 
force pump is shown. Two fulcrums (A and B) 
are arranged by fitting a removable pin to the 
two holes in the framework. The short arms of 
the leverage available measure 6 in. and 3 in. 






respectively, and the long arms 48 in. and 46 in. 
respectively. When working on fulcrum A the 

mechanical advantage is ^~~ n * = 8 to 1. When 

the pressure rises and the work becomes harder, 
the fulcrum pin is moved to B, and the mechanical 

advantage becomes 45 = 16 to 1, the stroke 
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of the pump ram being correspondingly shorter. 

Safety Valve. A case where a lever is 
designed to give the load per square inch upon 
a given area is illustrated by the spring- balanced 
safety valve in 85. The valve is 2 in. in diameter, 
and the Bpring of course records pounds. The 
proportion of the lever depends upon the area of 
the valve. If the valve were 1 sq. in. in area it is 
manifest that the recording spring could ho 
placed directly over the valve, or fitted on a 
lever of equal proportions. If the valve was 
2 sq. in. in area a lever of 2 to 1 would be 
required. A 2 in. diameter valve is 314 sq. in. 
in area, and so the lever is arranged in the 
same ratio. Fixing the fulcrum at 3 in. from 
the valve centre, the lever becomes 3 in. x 314 
= 9*42 — in. long. The spring safety valve 
is an alternative design to that, having a lever 
arm loaded with a weight. 

Wheel Gearing. Toothed gears are dis- 
guised levers ; the teeth are only incidents, since 
smooth-faced wheels will run by friction. It is 
not necessary even that the radii should be con- 
stant, but radii and leverage may vary. And thus 
we have elliptical gears, triangular gears, square 
gears, and others, all transmitting variable but 
constantly recurring rates of motion. 

It is an axiom in kinematic chains that they 
may be converted into mechanisms in as many 
ways as they have links, because any one link 
may In' made the fixed one, leaving the others 
movable. This can bo studied in the spur 
gears, which are levers, or turning pairs con- 
nected by means of the teeth, which in theory 
have line contact. In ordinary wheels the 
centres are fixed by bearings, and the rigid 
connection thus imposed is a mechanical link. 
There is no motion of the centres in spaco. In 
what are termed epicyclic trains, only one centre 
is thus fixed, and one or more revolve round it in 
one direction or the other, with a minute gain 
or loss in speed. 

Cams. A cam is a lever, but with its arms 
of varying lengths, corresponding with the 
outlines imparted to the edge or groove, as the 
case may be. The centre on which the cam 
rotates is the fulcrum to the edge or grooves. 
In cams the lengths of arm vary, changing from 
maxima to minima, or passing through variable 
but irregular movements. In the modem prac- 
tice of the engineers’ machine shop they fill a 
place of constantly increasing importance, inas- 
much as they take the place of movements 
otherwise effected by the hands of the workman, 
with more or less inaccuracy. The cam is both 
tireless and precise. Its movements can be 
relied on, for they are timed in the design itself. 
In feeding movements especially, the cam is of 
most value. It is embodied notably in the 
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various automatic screw machines for controlling 
the relative movements of the tools and work. 

Fig. 86 is a heart cam, giving variable but 
regular movements on each lobe. Fig. 87 is a 
grooved-face cam, giving an irregular motion, 
and Fig. 88 is the regular two-slot cam plate 
for clasp nuts, etc., another example of which 
occurs in 82. 

Fusee. In the fusee barrel [89] we have 
another example of a variable leverage, re- 
sembling the cams in this respect. But the 
object in this case is to maintain uniformity 
derived from variable movements, not only in 
horological instruments, but in cranes. In the 
latter, in the jibs of derricks which pass from 
greater to less radii, and vice versa from the 
perpendicular, the fusee drum keeps the load 
at a uniform height. 

Tension Organs. The wheel and axle, 
like its primal mechanical element, occurs in very 
many forms. The principle [62, page 686] is 
the putting of a rope on or around a large 
pulley (lever) by which the weight is drawn 
up on a smaller “ axle ” (pulley, drum, or 
lever). This device lends itself to many appli- 
cations. These form one of the great groups 
termed by Reuleaux tension organs. In other 
words, they only oj)erate in tension, being useless 
in compression. They owe a part of their great 
value to their flexibility, which feature permits 
of changing the directions of motion. Several 
materials can be utilised for tension organs, as 
ropes, chains, wire, and belting in its various 
forms. In some types of hand hoists, for ware- 
house work, the form occurs almost absolutely 
[90], the load being lifted by a rope coiled around 
a small drum, while the endless chain or rope is 
pulled round the large one. This is also em- 
ployed in many hand travellers. 

The Whip Crane. The whip crane 
affords another literal example, the load being 
lifted by a small drum, and the chain or rope 
pulled round a large one. The slight differences 
are that the large drum is more correctly 
described as a double-flanged pulley, and the 
rope is tied through a hole in one flange and 
coiled round the pulley by means of a winch 
on the post below. In hand-travelling cranes 
operated from below, the rope or chain is fitted 
around its rim in recesses to “ bite ” with suffi- 
cient gripping power to prevent slip from 
occurring. 

The winch handle of a crane corresponds with 
the “ wheel ” in 62. Its radius is fixed at from 
16 to 16 in., because this is as far as a man can 
conveniently reach. But the diameter of the 
“ axle ” — the chain drum or barrel — can be 
made as small as 6 or 8 in., gaining much power, • 
with corresponding reduction of speed of lift. 
The smaller the diameter of the drum the greater 
the mechanical advantage. In practice, this 
device of altering diameter is often adopted in 
hoisting machines of less simple character, a set of 
gears, for example, being retained, and a smaller 
or larger drum inserted to suit requirements. 

But few hoisting machines are so simple as to 
comprise only the winch handle and drum. The 
power gained would be totally insufficient foi 
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the lifting of heavy loads. In the simple crabs 
191 ], and some small cranes, the first advance on 
this device occurs. The winch handle is not put 
on the same shaft as the drum, but on another 
lying parallel therewith, and the two shafts are 
“ geared ” together bv means of toothed wheels 
(levers) of unequal radii, the smaller, actuated by 
the winch handle, directly actuating the larger on 
the same axis as the drum. The mechanical 
gain then is 

radius of winch han d le x radius of wheel 
radius of pinion x radius of drum 

Further, this “ simple train ” gives place in 
large cranes to compound trains, in which two or 
more such combinations exist, and the gain is 

r adiuB of winch handle x radii of all wheels 
radii of all pinions x radius of drum 

In power- operated cranes, the winch handle 
is abandoned for the higher pressure agency of 
steam, water, or that derived from the electric 
motor. Then, in many cases, trains of gears are 
diminished in number, or even abandoned in 
favour of a direct drive. 

Pulley Blochs. In the diagrams of 
certain pulley blocks already given, care was 
taken to state that the results were secured only 
by neglecting friction. That was necessary in 
order to grasp first principles. It is simply an 
expression of the law that the mechanical work 
given out by a mechanism would be equal to 
that put into it. if there were no such thing as 
friction. But since friction does exist, it happens 
that every additional element in a machine adds 
its own quoin of friction — more or less severe — 
to make up a big total, until in one particular 
east*, that of the differential pulley block, sub- 
stantially 66,* the load will remain suspended in 
nny position. Ibis could not happen in 63 and 
64. It happens in 66 solely by reason of the 
gross total of friction. The mechanical advan- 
tage, therefore, in either of these diagrams, is 
not that of power and weight simply, but of 
these plus more or less of friction, that of the 
cords or chains around their pulleys, and of the 
pulley pins in their bearings. In the application 
of all the elements now under discussion, the 
designer strives t<o lessen friction as far as 
possible, but in another set ho takes advantage 
of friction and turns it to practical account. 

Fig. 92 shows a set of pulley blocks in which 
the combinations 05 to 67 arc embodied in a 
practical maimer by putting the sets of pulleys 
side by side on the same axis. Any height of 
lift can l>e obtained by these by giving enough 
length of rope. Fig/ 93 is a diagram of the 
differential block, which also embodies the 
principle of the Chinese windlass. The chain is 
pulled round the large pulley (A), passing thence 
to the snatch-block pulley *(B) below, thence it 
returns and winds round the smaller pulley (C). 
As A and C are cast together [94], the result must 
be that the snatch-block is lifted by a space 
equal to the difference in the circumference of 
A and C. The chain is prevented from slipping 
by nibs east in the sheaves, and the friction — due 

* Figures beforo No. 7- have appeared in previous 
articles. 
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to the different diameters of A and C — equals 
more than half the power expended, the load 
therefore remaining suspended without braking. 
When it has to be lowered, the opposite side of 
the chain must be pulled on. The lifting rate is, 
of course, extremely slow. 

Inclined Plane. This occurs in the cable 
ways that play so largo a part in the haulage or 
transport of material. The ropes used are the 
inclined planes, and the suspended skips or 
buckets are the loads. Power is applied by 
ropes, but economy i9 often studied by making 
one bucket, or set of buckets, in their descent, 
serve to draw up another on another incline. 

Wedges. The wedge occurs in many forms, 
in some as a splitting agent, in others as a means 
of tightening parts. As the first, its best ex- 
ponents are seen in cutting tools, and if it be 
objected that these hardly come within the 
scope of applied mechanics, wo must point to the 
immense importance of the cutting instruments 
which are embodied in machine tools, and around 
which these are built. As these will have full 
treatment in the course on Tools, attention is 
here drawn only to the bare fact. 

Cottars. The second group includes 
cottars and allied forms, which device is em- 
ployed in many bolts, also in the strap form of 
connecting rod ends, in effecting rapid union 
of long lengths of pump rod, of long roof ties, 
and very much besides. The cottar takes 
various forms in these examples [95-99]. 

The cottar pure and simple is driven by a 
hammer, but in the form of a tail of a bolt [99] 
it is tightened by screwing the nut. The angle 
or taper of the wedge is an important detail, not 
only in cutting tools but in the cottar. If the 
angle is too large in a driven cottar, the effect 
of jar on the mechanism will be to loosen it, by 
causing it to w’ork back out of its seating, hence 
the set screw in 98. It is therefore made as 
drawn [95-99], A cottar bolt may have more 
taper because the nut holds it against the 
influence of jar. The value of the cottar in 
these lies in the provision which it affords of 
taking up w r ear in tho brasses, to be considered 
at length in the course on Machine Design. 
Thus we have the function of the cottar as 
a convenient method of union, and also that of 
effecting minute compensation for wear. 

Keys. The common key [100] is a wedge, 
cousin-german to the cottar. It secures wheels 
on their shafts by a wedging action pure and 
simple, and its taper is but slight, to prevent 
risk of slackening back. The forms of keys 
do not concern us here, as they will be dealt 
with in Machine Design, but their relation to 
the wedge is properly noted. 

Keel Blochs. Passing to the massive, 
we see in the row T of keel blocks [101] under a 
vessel on the stocks a simple means of adjust- 
ment. Three wedge pieces, of cast iron, the 
upper one carrying a piece of teak wood plank, 
sustain a share of the load of the vessel during 
construction. By hammering the middle piece 
farther in or out the height of th6 block is 
readily varied, and with it the level of the 
mighty mass above. Tho angle is very small, 
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Otherwise no effect could be produced, the more slope than that imparted to the screw-jack, 

reason for which was given in connection with And as a single thread of ooarse pitch mold 

70 [page 688]. Another familiar application of cut too deeply into the body, two or three threads 

the wedge is to pile driving. The pile, pointed, are run side by side of the same pitch, which 

and having its bottom end shod with steel, is thus results in a stronger body and a larger 

driven by the monkey into sand, clay, and shingle. thread surface to withstand wear. 

Screws. The screw occurs in hundreds The Pile Screw. Tho pile screw is an 
of combinations, both as an instrument for application of the same kind to the turning of 

gaining mechanical advantage, as a means of iron piles into the beds of rivers. It is capable 

fastening, or as a precision instrument, so that of penetrating, not only sand, but gravel, clay, 

one is rather at a loss what examples to select. and broken rock. The movement is slow. It is 

One of the most striking yet commonplace produced, generally, by employing another screw 

examples of the first is the screw-jack, and and lever in the form of worm gears, a worm wheel 

allied forms, such as the John Bull, the fly-press, encircling the head of the pile and being turned 

the copying-press, pile screw, etc. We call by a worm, actuated by hand or by an engine, 

them allied, because, though their functions are The propeller embodies segments of a screw 
dissimilar, their method of action is the same — of quick pitch. That is, if the screw were com- 

the exercise of immense forco through a very pleted, tho distance between threads would 

small space, with a small expenditure of power usually be from 18 to 24 ft. Even then the 

exercised through a large space. One man can, movement of propulsion would l>e slow, but for 

by oj crating the screw by a lever, lift a load the fact that the shaft to which the propeller is 

of several tons by the screw-jack [ 102 ]. A man attached is driven at a rapid rate, from 60 to 80 

using the John Bull [ 103 ], which is a simple revolutions per minute. 



’ Conveyor screws have no end-long motion 

102 themselves, but they transmit that motion to 

screw and lever, can drill holes an inch in loose stuff shot into them. Corn, cement, and 

diameter in iron and Bteel. The fly-press [ 104 ] other pulverised material is compelled by its own 

is essentially a double-ended lever operating a inertia to be carried along by tho blades of the 

double-threaded screw of quick pitch, for continuous screw, and at a rate which is con- 

stamping pens, tinned ware, medals, and much trolled by pitch and rate of revolution, 

besides. The copying-press is an allied form The screw, as a means of measurement, occurs 
operated similarly. In these elementary in the lead screws of lathes. It is tho first 
machines the gain in power and its compensating element in cutting screw threads in this machine 

loss in speed is obvious. The screw being tool. Though of one unvarying pitch, it con- 

simply an inclined plane wound round a cylinder, trols tho cutting of hundreds of other possible 

the smaller tho angle of the incline the greater pitches by the change wheels— variables intro- 

the power gained. Therefore, in the screw -jack duced between the screw and the mandrel of 

and the John Bull, tho screws are of what is the lathe. Tho same element is found in the 

termed fine pitch, or low pitch, or flat pitch. universal milling machine, in the screws of 

In other words, their angle is low, and con- micrometer calipers, and in the Whitworth 

sequently the number of turns or threads in a measuring machine. We cannot hero trace the 

given length is large. But when speed of move- screw into the numerous worm, spiral, and 

ment is required, with moderate power, they helical gears, which will be treated in Machine 

are of quick pitch, or sloped very much, and Design. The same observation applies to 

the number of turns is less. This is the case toothed gears and other mechanisms mentioned 

in the fly-press [ 104 ], where momentum is in these papers, but the design and proportion- 

necessary, and that can be obtained only by ing of which belong properly to the subject 

a screw of rapid traverse, or of considerably of Machine Design. 

( onHnued 
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IN addition to the general method of doubling V? 

* consonants already described, eight eon- ' 

sonant forms are specially hooked or thickened fairer , furor 

to express an additional sound. , , . . 

The double consoi 

Additional Double Consonants. The hook becomes mpr o 
following signs represent the double consonants 
indicated below : 


Letters . 

Sign. 

Name. 

A s in 

KW 

C_ 

kway 

quick, request 

GW 


gway 

guava, aru/wish 

WL 

f (up) 

wel 

wtxil, unwell - 

WHL 

(j (up) 

whcl 

whale, whelp 

LR 

r 

(down) 

ler 

feeler, ruii ler 

RH 

(down) 

rer 

poo rer, sharer 

MP, MB 


| em p 1 

l emh j 

camp, embalm 

WH 


whay 

where, whig 


fairer, furor ; usurer , orrery. 

The double consonant /-s with a small initial 
hook becomes m/w or mbr ; thus 

scamp, scamper , clamber , limber . 


Exercise. 


The initial hook in id and uhl is read first ; 
thus 

r <r f 'C 

ill , will, willow , whale. 

If a vowel precedes w or wh, write the stroke 
and not the hook ; thus 

awhile. 

The remaining six characters are vocalized 
like the single consonants ; thus 


* r S K x 

K 


1 Quack, (pinker, quince, quiver ; linguist, 

languoK. 

2 Welsh, welfaRe, wool, Willie ; whilst, 

whalebone. 

3 Caviller, ruler, scholar ; adorer, assurer, 

sneerer. 

4 Damp, pomp, Jumbo, Sambo; whey, any- 

where, whipper. 

The Aspirate. The aspirate is represented, 
in addition to the downward 7 and upward cr"*, 
by a downward tick, thus, / (a contraction of 
the lower half of the sign / ), and by a dot. 

The downward stroke / is used wdien h stands 
alone, or is followed by — or — ; thus 


qualm , squeamish; been, queen ; 

y 

qulf, (hieljth ; fowl , (aider, bn eel, bmeler ; 

^ 'S < \ ^ 

bear , bearer, jeer , jeerer ; tram, tramp, 

mire , empire ; way, whey; weasel, whistle. 

The double consonants lr and rr are employed 
only to indicate the terminations ler and rer ; 
separate letters must be written when another 
vowel occurs in the termination, or when a 
vowel follows ; thus 


high, Hugh ; 

also when it gives a better outline tlian the 
upward stroke, as 

hawser. 

The upward stroke cr"" is generally used 
when h is follow ed by a downstroke, a straight 
upstroke, the curves n and ng, or by a hook, 
circle, or loop ; thus 

<\ <\ . < 1 . A d 4 

hop, hobby, haughty, hid, hatch, hedge , huffy , 

4 4 $ S' 

heath, heathen , hush, hat row, hero, huiTy, 
honev, hung, hewn, hove , hews, hackle. 


f oiler, failure; railer , raillery ; 






ID 


When following another consonant, the 
stroke h must be so joined that the circle of the 
character cannot be read as the circle s ; as 


(a) When 1 is preceded by a vowel and 
is followed by a horizontal letter not hooked 
initially ; as 


cohere , mohair , Soho ; behave , outhouse, unholy. 

The downward tick h is used initially, and is 
always read first. It is prefixed to the stroke 
consonants ) ^ / 'N (the fact that these 
are the four consonants in the word smaller 
forms a useful mnemonic) or to any of the double 
consonants to which it w r ill easily join ; thus 

) /-V y' 

hiss, hazy, ham, hem , hemp, hall, holly, 

\ \ \ j ; ) 

hear, hearer, Hebrew, hydra, hedyer, hither. 

The dot h is placed before the vowel which is 
to be aspirated. It is used as an alternative 
to tile stroke h, usually in order to avoid an 
awkward or long outline ; thus 

•Vi V H 

happen i nq, handy, 

X ^ * 

apprehend, perhaps, manhood, loophole. 

Grammalogues. The following gramma- 
logues should be memorized : 

J \ 

had, hapjyy, 

Kxerctse. 

i L L <1 V dl 


elk, elm, Ellen , almoner. 

(b) \\ hen l precedes q_^/ and ^ ; as 

•£ C G 

illusive, lesson, Lessiny. 

Final L is generally w ritten upward, thus 

V V" \r ]r 

Paul, Polly , tale, Italy. 

In the following cases it is written downward. 

(a) After the letters a _ c _ and any 

straight upstroke, if no vow el follows the l ; thus 

> > ^ ^ r 

full , vile, scale, quail, sequel, 

'f £■( <T 

rail, yell, Howell. 

But if a vowel follows, l is written upward, as 

fully, villa, study, Aquila, rally, yellow. 

(b) After a straight downstroke if two vowel- 
signs come between ; as 

duel, trial. 

(c) After a curve and circle, final l follows 

the same direction as t he circle ; thus 

y y y 

fossil, vessel, thistle, 


• \ 

1 Hicks, Hawkins, hackney, huckster, hoop, 

hitch, heap, heady. 

2 Hone, housed, hammer, hardy, unhook, 

Sahara, abhor, unhitch. 

3 Hymn, horn, haze, hasty, Gingham, uphill, 

household, Kedliill. 

Upward and Downward L and R. 

The following rules govern the writing of the 
consonant l in either the upward or the down- 
ward direction, and the use of the upward or 
downward forms of r : 

Initial L is generally written upward, thus 


loud, aloud, life, alive. 

In the following cases it is written downward. 


Kmysley, Cecil, muscle. 

(d) After the consonants n and nc, l is also 
always written downward ; as 

T V 

"kneel , only, stronyly. 

(e) The double consonant Ir is used for the 
sound of ler where a final downward l would 
be w ritten ; as 

> V 

fotvler, kneeler, roller . 

Initial II is written upward ; thus 

- ^ -V /- V' V 

min , rose, 


ration, rail. 
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But when r in preceded by a vowel it is written 3 ftoan, rove, won, wove, hen, huff, rife, 


downward , thus, 

\ 'x, v. ’V 

air , oar, Arab, argue, arm, arrive , 

X' x ■v 

arraign, avow, oration, early, arena. 

When r precedes t , d, eli, j, 1h , hi, gl, w, it 
is written upward, whether a vowel precedes or 
not ; thus 

A, A A A. XX 


A* x| A 'A^ 3 

irritation, aridity, arch, original, orthography, ^ 

oracle, argal, ornamental, Trwin. ® 

FtnalR, in short words, is written downward q 
when it- ends a word, and upward when it is 
followed by a vowel ; thus 

> ^ t, k <, e ; 

pair, perry ; tare, Terry ; jeer, jury; 

A A ^ 3 

' 4 

car, carry; share, sherry; Nore, Norah; 

rA °>\ ov ^ ^ 

leer, Laura; sore , Surrey; store , stoiy ; 1 2 

A & S 2 

swear, soiree; stem , siren. 

When r is preceded by two descending 3 

strokes, it is generally written upward, so as to 
preserve the lineality of the writing ; thus 4 

'A/ ky Ay- 1 

prepare, debar, Shakspere. 2 

Write upward r, irrespective of vowels, 

rather than an awkward outline ; thus " 

' V*/ ALA <-A ^ ^ oA 4 

officer, reviser, answer, rear, wore, yore, where. ^ 

When r follows another stroke and is hooked 


Rhine, yawn, hone. 

4 Vine, thine, main, noon, gain, gave, line, 

sheen, zone, ocean. 

5 Pansy, economy, gainsay, reverse, toughness, 

profane, tin, tiny. 

G \ ain, avenue, deaf, defy, w T avo, w avy, 
partial, insinuat ion. 

i J J \ J-CS3- 

2 [ / \ M- o' 0 > \> v 

3 </? y. y \y> \y 


Vo X, 

> V 


X /' l~ 

^ ° , o 

C^v C"" ' x 


1 Tense, tenses, trounce, trounced, puns, 

punster, punsters, chains, chances. 

2 Cleanse, cleansed, blossom, presume, hansom, 

lancer, Spencer. 

3 Vines, mines, nouns, shrines, doves, gloves, 

roves, thrones, oceans. 

4 Menaces, moans, ominous, assigns, essence, 

Romans, romance, excellence. 

1 \ V V X J- } m 

2 </' J- d- V V A' 

4 V <■* L 

1 Notion, lotion, motion, mansion, delusion, 

salvation. 

2 Potion, portion, operation, reduction, 

derision, occasion. 

3 Fiction, section, Prussian, oppression, ex- 

pression, tradition. 

4 Occupation, reputation, divisional, rational, 

actionable. 

5 Pulsation, sensationaL, positions, incisions, 

sit uat ion , fruition . 


finally, 

it is 

generally writ ten upw ard ; 

thus 


,Vo 





\ 



V 7 V 7 


1 

x> 

n 

; X 


e) 



born, morn, portion. 


2 

V 

— D 

o 




The 

double consonant rr is used 

for the 



X_. 





sound 

of n 

•r where a final dow nward 

r would 

3 

“Aj 


y 



be written ; 

thus 











V 's 


4 

s. 

1 

'l 

7 

’*) 

; vf> 




adorer, borer. 


5 

, • N 

c — 

l S 

■Vt. 

y>. 

» 

b: 

r J 


Key to Exercises in Last Lesson. 

1 Pin, Pan, chin, bone, tun, dine, dow r n, 

twine, tune, brawn, blain. 

2 Beef, duff, chief, buff, tiff, dive, Dave, jove, 

chaff, brief, trough. 


7 )• %, 


Continued 
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THE ELEMENTS IN DETAIL CHEMISTRY 

The Elements and their Compounds found in Nature. Hydrogen, ® 

Sodium and Soda, Potassium and Gunpowder, Calcium and its Salts from 

paRo 


By Dr. C. W. SALEEBY 


The Elements Found Free, it has 

already boon noted that occasionally the ele- 
ments occur in the native, free, or uncombined 
state in Nature. We may make a note of some 
of these cases. 

Oxygen and nitrogen occur in abundance in 
the atmosphere. Free hydrogen also occurs in 
very minute quantities. It is somewhat more 
abundant in the neighbourhood of volcanoes. 
Iron occurs in the free state in certain meteors, 
as does the element nickel. Carbon occurs in 
several forms, as coal and charcoal, derived from 
the bodies of vegetable organisms long dead. 
It occurs also as minute crystals, very mis- 
leadingly called blacklead, and better named 
graphite , since this form of carbon is used in 
pencils for writing purposes (Creek, grapho , I 
write). Thirdly, carbon occurs in the form of 
larger crystals, which vve call diamonds. Sulphur, 
like hydrogen, is found free in the neighbourhood 
of volcanoes ; arsenic, antimony, and bismuth 
occur in very small quantities in various parts 
of the world ; the very valuable clement 
platinum is found free in tiny particles mixed 
with the sand of some rivers in Russia and 
South America. Silver and gold occur free in 
many parts of the world, as everyone knows. 
Mercury is sometimes found as such in Cali- 
fornia, and copper occurs near Lake Superior in 
North America. 

Elements in the Stars. But hitherto 
we have spoken only of the distribution of the 
elements on the earth. We must see if theso 
elements occur anywhere else. Are they 
found in the stars or the sun, and, if so, do they 
occur in the free state or as compounds ? This 
is one of the most fascinating and important 
subjects in the whole realm of science, and it 
will be dealt with in a special chapter at the end 
of this section. Meanwhile, however, we may 
briefly note that the elements w'o know on the 
earth are found, and are found in their free state, 
in the sun and the stars. In general, we may 
say that the elemonts most abundant on tha 
earth are the most abundant in the heavens. A 
still more remarkable fact is that we are not 
acquainted with any element in any of the 
heavenly bodies which is not to be found on the 
earth. There have been exceptions to this rule, 
but only temporary ones. For instance, the gas 
called helium w as first discovered in the sun, as 
its name implies, but it was subsequently found 
on the earth in *be rare mineral eleveite. 

Elements Found to be Combined. 
Nevertheless, by far the greater mass of all the 
matter with which we are acquainted consists of 
compounds of the elements, and we must now 
(earn to recogniso these compounds by the 


names given them by chemists. Of course, their 
number is almost endless, but here we are con- 
cerned merely with t ho principal ones. The com- 
pounds of four elements— chlorine, bromine, 
iodine, and fluorine — have various names, which 
we shall see later, but those that occur in Nature 
are called chlorides, bromides, iodides, ami 
fluorides. Of these, the chloride of sodium is 
common salt, and as the Creek word for salt is 
hals, these four elements arc often called the 
halogens — that is, the u salt makers .” Hence, 
their compounds may be recognised under the 
general term of halides. Very common also are 
certain compounds of oxygen and sulphur, 
which are called oxides and sulphides. The rule 
is that the termination ide is applied to a com- 
pound which contains two elements — as, for 
instance, sodium chloride (NaCI), the molecule 
of which contains one atom of sodium and one 
of chlorine. 

A great many of these compounds are able to 
combine with each other, forming double com- 
pounds, such as the double chloride of magnesium 
and potassium, or magnesium and sodium. We 
have learnt that nearly all the salts of sea-water 
exist in this complex state of loose union. 

Acids, Bases, and Salts. Wo have 
said that the compounds of oxygon are called 
oxides, but this term is only applied to one 
half, so to speak, of the compounds of 
oxygen — those which wo have already called 
bases. A special name is given to the double 
oxides of hydrogon and the non-metals. These 
are called acids ; for instance, sulphuric acid, 
H„S0 4 is, as the formula shows, a double oxide 
of hydrogen and sulphur, which is a non-metal. 
On the other hand, caustic soda, NaOH, as the 
formula shows, is a double oxide of hydrogen 
and a metal. These last we call hydroxides. Thus 
the technical name for soda is sodium hydroxide. 
In the case of the acids, for convenience, we 
make a point of writing the hydrogen lirst in 
the formula, so as to indicate that they are acids. 

Now, when these two kinds of oxides — viz., 
the acids and the hydroxides— are mixed with 
one another, there frequently occurs a rearrange- 
ment of their cements, which is called a double 
decomposition. For instance, when sulphuric 
acid and soda ve mixed, the metal of the 
hydroxide displaces the hydrogen of the acid ; 
thus, instead of HoS0 4 , we get Na 4 SO t ; whilst 
the displaced hydrogen unites with the oxygen 
which is left over, to form water. The name 
given to the double oxide now formed, sodium 
sulphate, which is a double oxide of a metal and 
a non-metal, is a salt. We have already seen that 
this term salt is also applied to the halides, such 
as common salt or sodium chloride. 
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Preparation of Elements. Given, 

then, that we have a number of compounds of 
the elements, and that we wish to olbtain the 
pure elements from them, how are we to pro- 
ceed f There are three possible methods of 
breaking up the compound and obtaining the 
element desired. 

In the first place, we may break up the com- 
pound by electricity. This is possible only 
when the compound can be dissolved or melted, 
and when it is a substance which conducts 
electricity. If these conditions are satisfied, 
we may pass an electric current through the 
compound, and may obtain the freed elements 
by this means. The simplest and most im- 
portant instance of the employment of this 
method is the passage of an electric current 
through water, which is decomposed and pro- 
vides us with free hydrogen and free oxygen. 
In other words, the electricity splits the water 
up into two invisible and colourless gases which 
have not the smallest resemblance to it. This 
process of passing electricity through a liquid, 
by means of which the liquid or some sul>stance 
contained in it undergoes decomposition, is 
known as electrolysis ; it need not further be 
discussed here, as it is dealt with in Electricity. 

Other elements that may be prepared by 
means of this method are sodium and potassium, 
barium, calcium and strontium, copper, silver, 
gold and fluorine. 

This principle is of very great practical im- 
portance, since it is the essential one of 
electroplating and electrotyping, each of which 
is separately discussed in the Self Educator. 

The Compounds and Heat. But, 
in the second place , a compound may also be 
resolved into its constituent elements by heat. 
It is believed that when the temperature is 
sufficiently high, no compounds can exist, 
but though this method is thus theoretically 
applicable to all cases, there are not very many 
instances in which it is of practical use. 
One or two may be noted. The very useful 
element sulphur frequently occurs in union 
with iron, as what is called iron pi/rites. When 
Ibis is heated (say, for instance, in a hard glass 
tube) some of the sulphur is given off, and can 
be immediately seen, since it produces a yellow 
coating upon the glass. 

The preparation of oxygen by this method is 
of historic interest. Priestley discovered oxygen, 
as we saw in our introductory chapter, by this 
method. He applied heat to the red oxide of 
mercury (HgO), and thus decomposed it, driving 
off free oxygen, which he was able to collect 
after passing it through water. Very shortly 
afterwards the Swedish chemist Scheele 
obtained oxygen by heating another of its 
compounds, the oxide of manganese, which has 
the formula MnO u . 

But by far the most common method of 
preparing the free elements is, in the third place , 
by displacing them from their compounds by 
means of their action on another element. 
The displacing elements usually employed are 
sodium, which turns out magnesium and 
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aluminium from their oompounds with the 
halogens ; hydrogen, which turns out a number 
of elements, such as iron, tin, lead, arsenic, etc. ; 
and carbon, which is really the most important 
of all, since, to begin with, it turns out the 
hydrogen and sodium themselves, and thus 
enables us to use them for turning out other 
elements. Carbon also turns out potassium, 
zinc, tin, lead, phosphorus, arsenic, bismuth, etc. 

The Groups of Elements in Detail. We 

must now proceed to oonsider the groups of the 
elements in detail. The first group we will take 
consists of hydrogen, sodium, ana potassium. 

Hydrogen (literally the “ water-maker,” since 
it is one of the constituents of water) has been 
recognised as an element ever since the work 
of the great Cavendish, already referred to. It 
occurs on the earth to a small extent in a free 
state, and to a very large extent as a compound, 
as we have already noted. It is present in vast 
quantities in the stars, and the sun is completely 
surrounded by an atmosphere of hydrogen. 
Many of the stars are so eminently characterised 
by the amount of hydrogen they contain that 
they are generally described as the hydrogen 
stars. A typical example of such a hydrogen 
star is the most brilliant star in the whole 
heavens, Sirius, or the Dog-star. 

Tho preparation of hydrogon is most commonly 
effected by the action of metals upon acids. We 
have already seen that an acid always contains 
hydrogen*, and we can obtain the hydrogen by 
itself if we turn it out from tho acid by means 
of a metal which takes its place. The usual 
substances employed are sulphuric acid (H.,S0 4 ) 
and zinc. The reaction is represented by the 
formula 

H.,S0 4 + Zn = ZnS0 4 + H«. 

When it is desired to obtain hydrogen in much 
larger quantities the element may be obtained 
from water by the interaction of red-hot iron 
and steam or by the action of steam — that is 
to say, gaseous water — on rod -hot coke. The 
coke, which is carbon, takes the oxygen from 
the water, leaving the free hydrogen. When 
prepared by this method the gas is impure, since 
it is mixed with a certain amount of a compound 
of carbon and oxygen. 

Properties of Hydrogen. Hydrogen 
is a colourless, odourless, tasteless gas, the 
lightest of all known substances. (It is under- 
stood, of course, that the ether of the physicists, 
not to be confused with ether, the chemical 
compound, is excepted when wo make this 
statement. ) Of all the known kinds of what tho 
chemist calls matter, hydrogen is the lightest. 
We have already seen that on this account the 
weight of this element lias been taken as the 
unit for comparison with the weights of other 
elements. The weight of hydrogen is less than 
1 \jtafT th that of water, and its density is about 
*0v that of air. Hence it may be poured 
upwards from one jar to another. So light is 

* The reader must not be confused by oarbonio 
aoid, GO*. This is really an add without its water — 
an anh},d ide. Its full formula would be H2CO3. 
(Compare potassium carbonate, K9OO3.) 



QHKMISTVtY 


hydrogen that light vessels filled with it will 
rise in air. The first balloons were filled, not 
with hydrogen, but merely with hot air. Of 
course, as soon as the air cooled, the balloons 
descended, but balloons are now filled with 
hydrogen, and can float for an indefinite period. 

The gas is only very slightly soluble in water, 
the universal solvent, which is capable of dis- 
solving at least some quantity of nearly all 
substances. One hundred volumes of water 
will absorb about two volumes of hydrogen. 
The gas may be breathed without causing any 
deleterious effects, but it is incapable of sup- 
porting life, nor will it support combustion. 

Liquid and Solid Hydrogen. Until 
recent years hydrogen had never been con- 
verted into a liquid, still less into a solid, 
but both these feats have lately been accom- 
plished by Sir James Dewar, the famous pro- 
fessor of chemistry at the Royal Institution, 
London. Liquid hydrogen presents no striking 
appearance. It is* by far the coldest liquid 
that can be obtained. When it is rapidly 
evaporated under certain conditions its tem- 
perature is still further reduced, so that a small 
quantity of solid hydrogen is formed ; this 
frozen hydrogen represents the lowest tem- 
perature yet attained by the chemist. It is 
probably about 200° below the freezing-point of 
water. This is reckoned on the Centigrade 
scale, in which the freezing-point of water is zero, 
so we may say that the temperature of solid 
hydrogen is about - 260° 0. The recent ability 
to liquefy hydrogen has been of great use in 
the study of low temperature chemistry, since 
by its means very low temperatures can be 
conveniently obtained and maintained. 

Certain substances such as carbon and 
many metals have the power of absorbing 
hydrogen in a very extraordinary fashion. 
The rare metal palladium, for instance, absorbs 
about 900 times its own volume of hydrogen. 
We cannot doubt that this is more than a merely 
physical action ; there must bo some sort of 
chemical combination. The hydrogen taken 
up in this form by a metal is known as occluded 
hydrogen. When the metal is heated the gas 
is given off again. Iron, similarly, has the 
power of occluding hydrogen, and thus the gas 
is sometimes found in the iron that has reached 
the earth in meteors or shooting stars. 

Hydrogen and the Halogens. Reference 
has already been made to the group of 
substances known as the halogens — chlorine, 
bromine, iodine, and fluorine. Each of these 
substances unites with hydrogen to form an 
acid. Of these the most important is hydro- 
chloric acid (HC1). The most important 
compound of hydrogen, of course, is water, 
which is really the oxide of hydrogen (tLO). 
When the two gases hydrogen and oxygen 
are mixed in the form of jets and ignited, 
they unite, producing a very intense heat. 
This oxyhydrogen jet is largely used for raising 
the temperature of lime, thus producing a 
brilliant light known as limelight. 

If we compare a simple acid, such as hydro- 
chloric acid (HC1), with a salt of that acid, such 


as sodium chloride or common salt (NaCl), 
we see that there is a certain resemblanoe in 
chemical behaviour botween hydrogen and a 
metal. In general we may say that an acid 
differs from a salt in that the hydrogen of the 
first replaces the metal of the second. 

Thus it was for long thought that hydrogen 
was really a metal, and that if we could obtain 
it in a solid form it would have metallic charac- 
ters, but now that hydrogen has been solidified 
this view has to be abandoned. 

Sodium. This exceedingly important ele- 
ment has a very wide distribution in Nature ; 
it is a constituent of common salt, it is a neces- 
sary constituent of all or nearly all living tissues, 
and it occurs in enormous quantities in the form 
of many other salts found in the soil and in 
minerals. Finally, it is abundant in the sun and 
in the stars. Sodium, when heated, yields a 
brilliant yellow light which is very characteristic. 
It is so universally present that in practical 
chemistry there is no little difficulty in getting 
rid of all traces of it. It is nowhere found free 
or uncombined on the earth, though, no doubt, 
it exists in the free state in the sun and stars. 
The symbol for sodium is Na, and its atomic 
weight is about 23. This element was discovered 
by Sir Humphry Davy in 1K07. Davy was one 
of the greatest of English chemists ; he invented 
the safety-lamp and discovered laughing-gas ; 
he was connected with the Royal Institution 
of London, and the now famous laboratory 
in Albemarle Street, where Sir James Dewar 
has made so many great discoveries, is known, 
after Davy and Michael Faraday, as the Davy- 
Faraday Laboratory. 

Davy obtained sodium by passing a very 
powerful current of electricity through the 
hydrate of sodium (NaOH), previously fused 
or melted. The metal is now prepared in a 
different manner, by heating a mixture of 
carbonate* of sodium and charcoal. 

Characters of Metallic Sodium. 
When the metal is obtained, it is found to be 
of a silver-white colour and very soft, so that 
it can be readily cut with a knife. It is ex- 
ceedingly light, and floats on water. It has an 
intense affinity for oxygen, which it immediately 
takes from water. Thus, when sodium is 
thrown on to water decomposition occurs, 
and evolves free hydrogen, which immediately 
bums in combination with the oxygen of the 
air. When sodium is exposed to air, 
the surface rapidly tarnishes, owing to the forma- 
tion of a film of oxide of sodium. This oxide 
of sodium is formed when sodium is thrown 
upon water, but it abo combines with some 
more of the water that is present, forming the 
substance known as caustic soda, or sodium 
hydrate, which has the formula NaOH. The 
te r <uation represented in this decomposition 
runs as follows : 2HoO H Na^ — 2NaOH +H 2 . 
Caustic soda is an important substance which 
has very powerful alkaline properties. It is 
called caustic because of its action on the skin. 
Sticks of solid caustic soda have a very powerful 
solvent action on the skin, and were formerly 
used to remove warts. 

MI 



CHEMISTRY 


When the oxide, or the hydrate of sodium 
meetH with carbonic acid (CO.,) it forms a com- 
pound known as carbonate of sodium, which has 
the formula Na AX) ;l . As this usually occurs, 
however, in its crystalline form, there is com- 
bined with it a quantity of water. Water which 
thus combines with salts in the formation of 
crystals is known to the chemist as water of 
crystallisation. The number of molecules of 
water that combine with one molecule of car- 
bonate of sodium is 10, so the formula of the 
substance in its crystalline form will read 
NftjCo.p 10 H .O. On exposure to air, however, 
the water tends to leave the crystals, which 
break down a* ’ full into powder. This tendency 
to lose their water of crystallisation is a general 
characteristic of the salts of sodium. The 
property is known as efflorescence, the opposite 
of which is deliquescence. 

“ Washing *' and “ Baking ’* Soda. 
Carbonate of sodium, known to the house- 
wife as “wushing soda,” is found in Nature to 
a small degree in soda lakes, in tho water of 
some gey sots, and also in the soil. It used to 
be obtained in considerable quantities from 
certain marine plants. These were burnt, 
their ashes were treated with water, the solution 
thus obtained was evaporated, and yielded a 
very impure form of sodium carbonate, or soda, 
which was known as harilla. This was largely 
used in the making of soap. The process lias 
now, however, fallen almost completely into 
disuse, since tho salt can now he prepared much 
more satisfactorily by other means. Of theso 
the first, is known as the Leblanc process, and 
the second as the ammonia process. 

The bicarbonate of soda, or baking soda, 
differs from tho last in that it contains twice as 
much carbonic acid in proportion to the 
sodium. Its formula isNaU(X) n . It is a white 
powder somewhat less soluhlo in water than 
washing soda ; it is largely used in medicine, 
as a non- irritant alkali. 

Borax. Several other salts of sodium are 
important. The borate, for instance, is know n as 
borax. Its full chemical name is biborate of 
sodium, and it occurs in large quantities in Borax 
Lake, California. It used also to be obtained 
from lakes in Tibet. It may also bo prepared by 
the union of carbonate of soda and boracic acid. 
It is used in medicine, in glass-making, as an 
enamel, and for other technical purposes. It 
usually occurs in the form of prismatic crystals 
which, like those of carbonate of soda, havo 10 
molecules of w T ater of crystallisation. 

The nitrate of sodium (NaNO ;i ) is often 
known as “ Chili saltpetre,*’ or sometimes as 
cubic saltpetre, since its crystals are very nearly 
cubical. It occurs in the soil in various parts of 
South America. Like ordinary saltpetre — soon 
to be discussed — it is used in making nitric acid. 

The silicate of sodium, known as “ soluble 
glass,’* is soluble in water ; it is used for firo- 
prooliug. The phosphate is a constant con- 
stituent of the animal body and a necessary 
ingredient of the food. 

Potassium. Potassium is an important 
metal, which has many resemblances to sodium. 


Its symbol is K, and its atomic weight is 39 ; 
it was discovered by Davy at the same time as 
the discovery of sodium, and in the same way — 
by passing electricity through fused potash. 
Potassium is abundant in Nature, but, like 
sodium, is never found in the elemental Rtate. 
It occurs in all living tissues, and when plants 
are burnt, it remains in the ash, hence the name 
potash, or potashes. Tt is an important 
ingredient of seawater, and occurs abundantly 
in the form of its nitrate in the soil of certain 
parts of South America. 

Preparation of Potassium. Potassium 
is now prepared in similar fashion to sodium, by 
means of tho interaction of charcoal and the 
carbonate of potassium. The charcoal (which is 
simply carbon) and the carbon in the carbonate 
unite with the oxygen of the carbonate to form 
a poisonous gas, carbonic oxide (CO), leaving tho 
potassium behind in tho form of a gas, which 
solidifies inside a flattened box of metal that 
receives it. There is some danger in tho manu- 
facture. The decomposition is represented by 
the formula KTO ; , -}• CL -- Ko + 300. 
(Potassium carbonate plus charcoal — Potassium 
plus carbonic oxide). 

Thus prepared, the element is found to be a 
whitish metal which strongly resembles metallic 
sodium. It floats on water, which it deeompo an 
in a similar fashion to that of sodium. When 
sufficiently heated — and the same applies to any 
salt of potassium — it yields an exceedingly 
beautiful violet colour, w hich contrasts markedly 
with the brilliant yellow colour yielded by 
sodium. Like sodium, potassium forms certain 
oxides or compounds with oxygen, but these 
are of no practical importance. 

Caustic Potash. Potash is of great import- 
ance. It is otherwise known as caustic potash, 
potassium hydrate, or potassium hydroxide. Its 
formula is KOI! — which may be compared with 
the formula of water HOH — usually written for 
convenience H 2 0. When we institute this com- 
parison, wo see that the difference between 
potash and water is that one-half of the hydrogen 
of the latter has been replaced by potassium. (A 
similar statement is true of caustic soda.) Potash 
is formed by the action of potassium on water. 
It is prepared for practical purposes by a process 
similar to the Leblanc soda process. The 
potassium is obtained from potassium chloride, 
which occurs in enormous quantities at Stass- 
furt. This yields potassium carbonate, and from 
the latter, by its interaction with slaked lime 
(solutions of the tw T o being boiled), there is 
obtained caustic potash KOH. This is usually 
cast in the form of sticks. It is a very powerful 
caustic, very similar in properties to caustic 
soda. It has great affinities for water and 
carbonic acid, and is very largely used as a 
reagent in chemistry. 

As we have seen, the ashes obtained from 
burnt plants were called potashes. The carbonate 
of potash, now' prepared as w r e saw' in the hist 
paragraph, may still be obtained by burning 
wood, in places where w r ood is cheap and abun- 
dant. The plant does not manufacture its 
potassium carbonate, but it takes it ready-made 



from the soil. It is a necessary ingredient of all 
soils in which plants are to grow, and, if deficient, 
n. ust be added in the form of a manure. The 
purer form of potashes, obtained by recrvstallising 
the crude product, was called pearl-ash. Carbonate 
of potassium is largely employed in chemical 
research, in various industries, in glass-making, 
and also in the making of soap. All soft-soaps 
contain potassium. 

Reference has already been made to chloride 
of potassium, a white, crystalline, easily soluble 
salt, usually obtained from Stassfurt. 

Chlorate of Potassium. The closely 
allied salt known as the chlorate of potassium, 
KCIO;., is of considerable importance because 
of its large superfluity of oxygen, which it is 
very ready to give up to any substance that 
will take it. So ready is it that when mixed 
with sulphur and charcoal it forms an explosive 
mixture. It is an ingredient of certain kinds 
of matches, and it is largely used in medicine 
as a safe and powerful antiseptic, which it 
is in virtue of its ability to give off nascent 
oxygen. In simple ulceration of the mouth no 
other remedy is so valuable as chlorate of potash. 

The iodide, KI, and the bromide, KBr, are of no 
great chemical importance, but they are amongst 
the most valuable of all drugs. The sulphate, 
KJ30 4 ' is occasionally used in medicine. The 
two salts containing chromium — the chromate 
and bichromate — are also used in dyeing, in 
chemical research, in photography, and the 
latter occasionally in medicine. The cyanide, 
KCN, owes all its properties to the fact that it is 
practically equivalent to hydrocyanic, or prussic 
acid. It is a whitish salt used in photography, 
in chemistry, in electroplating, and very 
occasionally in medicine. 

Saltpetre. The nitrate of potassium, 
KN0 3 , is usually known as nitre, or saltpetre, the 
latter name being a modem version of the 
alchemists* name for it, which was sal petra, or 
salt of rock. It occurs in the soil, as already 
stated, being formed by a highly complicated and 
interesting process into which bacteria enter. 
[See Bacteriology.] These bacteria form nitrio 
acid in the soil by a union of the nitrogen in 
organic substances derived from the bodies of 
animals and plants with the oxygen of the air, 
the process being known as nitrification. The 
nitric acid combines with the potash salts 
present in the soil to form potassium nitrate, or 
saltpetre. Sometimes this method is employed 
for the preparation of saltpetre, but, as a rule, 
the salt is prepared by the interaction of 
potassium chloride and Chili saltpetre, or sodium 
nitrate. When strong solutions of the two are 
heated together, a double decomposition occurs, 
the potassium and sodium changing places. 
Common salt, or chloride of sodium, is pre- 
cipitated or solidified in the solution, whilst 
saltpetre remains in it, and can thus be separated. 
The salt forms clear crystals, usually prismatic. 
It is very readily soluble in water. At high 
temperatures water will dissolve much more 
than its own weight of saltpetre. 

The salt is still used in medicine, being some- 
times given internally, and sometimes burnt in 
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a saucer, when it yields fumes which often 
relieve attacks of asthma. It is much used in 
the making of fireworks and fuses, and also in 
ordinary chemical processes. It is a most 
important ingredient of ordinary gunpowder, of 
which, indeed, it forms about three-fourths. 

Gunpowder. Gunpowder is really a 
mixture of saltpetre, charcoal, and sulphur, all 
the ingredients being mixed in the form of a 
granular powder. Nitre has to be used rather 
than sodium nitrate, for this salt, contrary to 
the usual rule of sodium salts, has an affinity for 
water, and thus the powder made with it cannot 
bo kept dry. It is said that gunpowder was 
invented in the eighth century. The value of 
the mixture depends upon the fact that when 
it is fired the saltpetre gives up its oxygen very 
rapidly to the charcoal and sulphur. The 
results of the oxidation of these latter are 
gaseous, and the nitrogen of tho saltpetre, is 
also given off in gaseous form. The smoke 
which is produced serves no practical purpose ; 
it consists of various solid salts, such as sulphide 
of potassium. Owing to the fact that a very 
high temperature is produced, the gases which 
are evolved demand a large amount of space — 
about 2,500 times as much as the space occupied 
by the powder. It is tho sudden and imperative 
expansion of these gases rapidly produced at 
such a high temperature that gives gunpowder 
its explosive property. 

Alkaline Earths. The next group of 
elements which we may discuss consists of 
calcium , barium , and strontium. In their 
elemental form these do not occur in Nature, 
and they can be obtained in this form only 
with much difficulty. When a powerful electric 
ourrent is passed through the chlorides of these 
metals in a molted state they oan be obtained, 
but they are very unstable, having intense 
affinities both for oxygen and water. If only 
the first be supplied to them they immediately 
form oxides, but if water be present, they form 
hydroxides, or hydrates. These three elements 
are usually known as tho alkaline earths. 

Calcium is a very widely diffused element. 
It is a necessary ingredient of tho living body, 
especially of the bones. It occurs in the sun 
and stars in considerable quantities. The other 
forms in which it occurs on the earth will be 
named when its various salts arc discussed. 
Of these salts the most important is the car- 
bonate, which has the formula CaCO... It is 
one of the most widely distributed of all minerals. 
It occurs in the forms of limestone, marble, 
chalk, and coral. Chalk consists of the calcium 
carbonate remains of the bodies of countless 
myriads of minute creatures that once lived in 
the sea. These have left a sort of “ shells ” behind 
them. The structure of the shells can often 
be detected with a microscope. But calcium 
carbonate also occurs in a very large number of 
crystalline forms, such as calc-spar, or Iceland 
spar, also the mineral known as aragonite, and 
in many other forms. Crystalline calcium 
carbonate, when pure, is colourless, but very 
frequently it contains various impurities, such 
as salts of iron, which give it various tints. 
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The term oolite is applied to the form of calcium is immediately deposited. A similar process 
carbonate which occurs as minute rounded occurs when the drop reaches the floor. The 
grains which, like chalk, are of organic origin. action may be represented by the formula 
Sometimes it is known from its appearance; as HyCJa(00; t ) a =H»0 -t-CO^ 4-CaCO tV 

roe-stone. This structure is so common in a Attempts have been made to estimate the age 
certain level of Fnglish rocks that they are of caves by means of the size of the stalactites 
known to geologists as the oolites. [See and stalagmites which they contain, but these 
Materials and Structures.] highly unsatisfactory. Needless to say, 

Changes in RocKs. Under certain con- stalagmites do not occur except when the floor 
ditions the carbonate of lime, or calcium, is of the cave is sufficiently level, 
constantly liable to undergo a very important Hard and Soft Water. The difference 
change, which plays a great part in geology, for between hard and soft water depends entirely 
it conditions a number of the slow but in- upon the fact that the former contains more 
cessant changes which determine the form of the than a certain quantity of bicarbonate of lime 
earth’s surface. The process is simple to under- in solution, wheroas the soft water contains 
stand. On the earth are rocks containing very little, or none. Two kinds of hardness are 
carbonate of lime, much of which acts as a distinguished in water, one which depends on 
sort of cement, holding rocks together. In the the presence of the sulphate of calcium, and is 
air is a quantity of carbonic acid, 00... As called permanent, while the other depends upon 
rain falls it absorbs some of the acid. - The the presence of bicarbonate of calcium, and is 
rocks are thus constantly exposed to the action called temporary. It is this alone that concerns 
of carbonic acid in solution, and this produces a us here. The adjectives are applied to indicate 
very important change. Carbonate of lime is the fact that, in the latter case, the hardness 
converted into bicarbonate— sometimes called can be removed with comparative ease. Per- 
acid carbonate. When a salt contains twice haps the simplest way of removing it is by 
the usual amount of the acid constituent — boiling the water, which decomposes the 
which in this case is carbonic acid— its character bicarbonate exactly according to the equation 
may l>e indicated by using the prefix hi, from given above to explain the formation of stalac- 
the Latin bis, twice ; or it may be described as tites. Another way of getting the bicarbonate 
an acid salt, in order to indicate that it contains of lime out of the water is by adding more 
a certain amount of acid, which, so to speak, lime to it. The lime that is to be added is 
is “ to spare.” There is this great distinction usually known as milk-of-lime ; chemically it is 
l >e tween the carbonate and the bicarbonate — called calcium hydroxide, and its formula is 
that, whilst the first is quite insoluble in water, Ca(OlI).,. 

the second is readily soluble ; hence the sup- How to Soften Water. This substance 
porting structure of the rocks is broken down. is only very slightly soluble in water, but when 

and they arc washed away, as sand or clay, to it is partly dissolved and partly suspended in 

form what are called alluvial plains. Thus water it forms the opaque white fluid which is 

mountain ranges are slowly crumbled away. called milk-of-lime. Now, when this is added 

Stalactites and Stalagmites. Another to water containing the bicarbonate, the milk- 
important change produced in a similar way of-limo takes from the bicarbonate its extra share 
consists in the formation of what are called of carbonic acid, which it combines with itself to 
stalactites and stalagmites. The first consist of form carbonate of lime, and this same salt is 
long crystals of carbonate of lime, which hang also formed from the bicarbonate when it has 
down in very striking fashion from the roofs of lost its extra carbonic acid. If the water is now 
limestone caves, looking very much like icicles. filtered or is allowed to stand, the insoluble 
They occur along the lines where there are calcium carbonate is disposed of, and so the 
cracks or joins in the roof of the cave — that is to water is made soft. The following formula 
say, along the lines where water from above represents the decomposition: 
drips through. As the drops fall upon the floor ILCafCO.)., + Ca(0H)_. =20aC0 ; , -f-2H.,0. 
of the cave the process which resulted in the (Calcium bicarbonate plus calcium hydrate 
formation of the stalactite continues, and there —Calcium carbonate plus water.) 

is built up from the floor a sort of pinnacle which Calcium carbonate may further be used to 
is known as a stalagmite, and which grows up illustrate some other simple chemical changes, 
to meet a stalactite growing from above. Often For instance, if limestone consisting of this salt 
they join, forming pillars of indefinite thickness. be raised to a very high temperature, it under- 
Now, how does this process occur ? goes a decomposition according to the formula 

The water that percolates through the roof of CaCO. . ~ CaO -f CO... 

the cave brings with it a quantity of carbonic The carbonic acid is driven off, and there is left 
acid derived from the air, and is thus enabled to behind the oxide of lime, CaO, or quicklime. 
dissolve some of the carbonate of lime from the This quicklime has an exeedingly strong affinity 
rock through which it passes, with the formation for water. When this thirst is slaked by the 
of bicarbonate. But wffien the drop reaches addition of water, the oxide of lime is con- 
the surface of the roof of the cave, and begins verted into the hydrate, or hydroxide of lime 
slowly to evaporate, the extra carbonic acid in mentioned above, which is commonly known as 
the bicarbonate can no longer be retained. In slaked lime . The difference between these two 
other words the bicarbonate undergoes deoom- last substances is typical of the difference 
position, yielding the insoluble carbonate, which between an oxide, and a hydrate or hydroxide. 
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Ben Jonson. The greatness of Shake- 
speare could not be better illustrated than by 
contrast with the character of Ben Jonson 
(b. 1573 ; d.1637). In almost any age Jonson 
would have been accounted a writer of the 
most extraordinary parts. His scholarship was 
profound — indeed, Shakespeare’s learning is, by 
comparison, almost superficial — but in all his 
serious efforts to produce a dramatic work of 
the highest he gives evidence of scholarship 
only, and not of that divine, ineffable “ some- 
thing ” which makes the poetry of Shakespeare 
as harmonious a part of the world’s intellectual 
life aB seed-time or harvest is of its physical 
life. It is hard to determine how Jonson 
came by his learning, as we have evidence of 
only a few weeks spent at St. John’s College, 
Cambridge, in his sixteenth year, after leaving 
Westminster School. In his youth he had to 
work for a time, to his never-forgotten disgust, 
at bricklaying, and he was a soldier in the Low 
Countries when only eighteen years of age. It 
has been asserted that at nineteen he 
returned to Cambridge and completed his 
studies, but this theory rests rather on the 
desire to explain his wonderful knowledge of 
the Latin poets than on any direct evidence. 
He was as injudicious as his great contemporary 
in contracting an early marriage, and perhaps 
poverty, as much as inclination, led nim to 
become an actor, in which profession he excelled 
no more than Shakespeare did. 

Influence of Classical Models. Steeped 
in the works of the pagan poets, his native 

S enius was undoubtedly more lyrical than 
ramatio in inspiration, though he gives 
evidence of a certain saturnine temper which, 
inclining to tragedy, but modified by the former 
impulse, expresses itself in satire. It was with 
a comedy, however, that he first essayed to win 
success on the stage, and “ Every Man in His 
Humour,” produced in 1596, and performed 
two years later by the company of which 
Shakespeare was a member, had a considerable 
success, which led to his following it with 
“ Every Man out of His Humour.” Both 
are admirable comedies, and, like his two 
tragedies, “ Sejanus ” and “ Catiline,” follow 
classical models ; but the author is so obviously 
subjected to the strict rules of classical composi- 
tion that his work lacks spontaneity and natural 
grace in the comedies and tenderness in the 
tragedies. This is the fault of all his plays : 
they are overlaid with the weight of his learning ; 
made coldly accurate by the careful observance 
of his models ; and neither in tragedy nor in 
comedy does he sound the depths of human 
emotions. Though the character is always 
perfectly observed and represented, he does not 


take us to the hidden springs, as Shakespeare 
does, not so much by art as by intuition, even 
in his lesser works. For these reasons Jonson’s 
dramatic works earned small popularity in his 
time, and have ever since been dead to all but 
students of literature. “ Every Man in His 
humour ” has occasionally been revived on the 
stage, but never with lasting success. 

The Masque. Such prosperity as Jonson 
enjoyed came from the composition of masques, 
which, in his time, were a favourite amusement 
of the Court and the aristocracy. The masque is 
a form of stage entertainment midway between 
a pageant and a play. It may be said to have 
been originated by the introduction into royal 
processions of masked, or disguised, persons 
representing allego li cal or fictitious characters. 
This developed into entertainments resembling 
the tableaux vivants, still popular in our own 
time, in which Henry VIII. is known to have 
delighted. Under Elizabeth the masque rose 
into extreme popularity, and most of the 
dramatists, with the notable exception of 
Shakespeare, set themselves to supply their 
lordly patrons with such entertainments. They 
were written both in prose and verse, the dialogue 
being interspersed with songs, and afforded 
opportunities for the display of gorgeous costumes 
and scenic decoration quite foreign to the 
stage of the time, where no attempt was made 
at scenic effect or accuracy of “ make-up.” 
Ladies also took part in these private theatri- 
cals, whereas on the stage all the feminine 
parts were discharged by boys or young 
men. The finest example of this class of 
poetic composition is Milton’s “ Comus,” 
written for the Earl of Bridgwater, and acted at 
his residence, Castle Ludlow, in Shropshire, on 
Michaelmas Night, 1634, in which the masque 
as an acted entertainment may bo said to have 
culminated, for it died out under tho Common- 
wealth and has never been revived. 

Jonson's Lyric Poetry. Some of the 
best specimens of Jonson’s verso are to be 
found in his masques, but his exquisite little 
song, “ Drink to me only with thine eyes,” is 
one of fifteen lyrics in a collection entitled 
“ The Forest,” published in 1616. Jonson, in 
his personal character, had some traits which 
suggest likeness with his great namesake of the 
eighteenth century, and “ rare Ben ” anticipated 
Samuel’s satirical treatment of the Scots, as he 
came near to having his ears clipped for making 
fun of King James’s countrymen in “ Eastward 
Ho,” a drama in which ho collaborated — a rare 
thing for him, as he was vain of personal achieve- 
ment — with Chapman, Marston, and Martin. He 
died 6th August, 1637, having experienced loss 
of friends and favour in his later years. His 
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gravestone/ [in Westminster Abbey, is inscribed, 
O Rare Ben Jonson.” On the whole, every 
reader with any pretension to knowledge of our 
literature must make some first-hand acquaint- 
ance with the works of Ben Jonson. Specimens 
of his lyric poetry arc to be found in most 
collections, and several anthologies are devoted 
to it entirely, while some of his best plays have 
also been reprinted in recent years. 

Beaumont and Fletcher. Reference 
has been made to Jonson’s collaborating with 
other dramatists. This was a favourite method 
of work among the Elizabethans, as it is in our 
own time with the French dramatic writers. 
But the most noteworthy example of collabora- 
tion was furnished by Beaumont and Fletcher, 
who were so intimately associated in their lives 
that they had house and clothes in common. 
Both were of gentle birth, scholars, and men 
of genius. Their plays — chiefly comedies — 
were even more popular than Shakespeare’s, 
being, if anything, more in harmony with the 
temper of the period. Francis Beaumont 
(b. 1584; d. 1616) probably became acquainted 
with his friend John Fletcher (b. 1579 ; 
d. 1625) at the meetings of the celebrated 
Mermaid Tavern, frequented by Shakespeare, 
JonHon, and the wits of the time, as celebrated 
by Beaumont in his verses to Jonson : 

“ What things have we seen 
Done at the Mermaid ! heard words that 
have been 

So nimble, and so full of subtle flame, 

As if that every one from whence they 
came 

Had meant to put his whole wit in a jest, 

And had resolved to live a fool the rest 
Of his dull life.” 

Characteristics of their Work. The 

dramatic writings of this celebrated pair are 
full of fancy and bright pictures, though there 
is no denying their “ studious indecency,** in 
which they reflect, more racily than need be, 
the manners of their age. Fletcher had probably 
the greater share in the composition of the plays 
which bear their joint names, and alone ho 
wrote at least twenty, Shakespeare being 
thought to have collaborated with him in 
“ The Two Noble Kinsmen,” while Fletcher 
had a hand with Shakespeare in the writing 
of “ Henry VIII.” It is hard to differentiate 
l>etween Beaumont and Fletcher, though it 
seems easy enough by comparing their indi- 
vidual and their joint productions ; but perhaps 
it iB not wrong to say that the one had a more 
strongly marked lyrical gift, while the other 
was essentially dramatic in his inspiration. 
Both men were immensely popular with their 
contemporaries, and theirs will ever remain 
among the great names of Elizabethan drama. 
By way of summing up their characteristics, we 
cannot do better Qian quote this comparison 
from the poet Campbell s “ Specimens of the 
British Poets ** : “ There are such extremes of 
grossness x and magnificence in their dramas, 
so much sweetness and beauty, interspersed 
with views of nature either falsely romantic or 
vulgar beyond reality ; there is so much to 
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animate and amuse us, and yet so much that 
we would willingly overlook, that I cannot help 
comparing the contrasted impressions which they 
make to those which we receive from visiting 
some great and ancient city, picturesquely but 
irregularly built, glittering with spires, and 
surrounded with gardens, but exhibiting in 
many quarters the lanes and haunts of wicked- 
ness. They have scenes of wealth and high life, 
which remind us of courts and palaces frequented 
by elegant females and high-spirited gallants, 
whilst their old martial characters, with 
Caractacus in the midst of them, may inspire us 
with the same sort of regard which wo pay to the 
rough -hewn magnificence of an ancient fortress.” 

Other Dramatists. It is not possible within 
our space to continue, even in this faint outline, 
our review of the Elizabethan dramatists, so we 
must now dismiss many names in briefest men- 
tion, though most of them are almost as worthy 
of some detailed notice as Beaumont or Fletcher. 
Philip Massinger (b. 1583 ; d. 1639), who 
was laid in the same grave as Fletcher, at St. 
Saviour’s, Southwark, was so variously associated 
with Fletcher and other dramatists in play- 
writing that it is difficult to form an estimate 
of his individual work. But he is certainly no 
less gifted in comedy than Beaumont and 
Fletcher, and in tragedy he displays real power. 
His only play that has held the stage is “ A New 
Way to Pay Old Debts,” a brilliant and mor- 
dant comedy. John Ford (b. 1586) was a 
dramatist of real tragic power, to whom only 
the darker emotions of the heart seemed to 
appeal, for his plays are sombre and unredeemed 
by the finer feelings of fancy and imagination. 
His “ Perkin Warbeck ” is a good historical 

drama, and “ ’Tis Pity ” is a remarkable 

tragedy. He collaborated in several plays with 
Thomas Dekker (b. 1570), a prolific; and able 
writer, both of tragedy and comedy, who in turn 
was associated with John Webster, of whose life 
hardly anything is lmown. Webster was a dra- 
matist of extraordinary power in tragedy, and 
over his works gloom, profound and chilling, 
seems ever to brood. “ The Duchess of Malfi ” 
is his greatest play, and must rank with the 
finest of the period ; but it is easy to understand 
how he had scant favour from contemporary 
audiences. Thomas Middleton (b. 1570 ; 

d. 1627) wrote many charming comedies, while 
William Rowley (b. about 1585), an actor- 
playwright of no remarkable qualities, collabor- 
ated at various times with the five last-mentioned 
dramatists, and also with Thomas Heywood, 
who had a large share in the writing of 220 plays 
up to the year 1633, and is believed to have 
lived until 1648. “ A Woman Killed with 

Kindness ’* has real pathos and simplicity to 
distinguish : t, and may be accounted the best of 
Heywood’s plays. John Marston (b. 1575 ; 
d. 1634) was a poet of most unequal achievement, 
associated with Jonson and George Chapman 
(b. 1559 ; d. 1634) in tho production of 
“ Eastward Ho,” as noted above. Chapman was 
greater in comedy than in tragedy, “ All Fools ” 
being ail excellent play of the former class, while 
his tragedies are usually marred by bombast and 
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fustian. H is great achievement was the transla- 
tion of Homer's “ Hiad " and the “ Odyssey ” 
into rhymed verse of fourteen syllables. These 
faranskriions, despite numerous faults, are in 
many ways unsuipassed by Pope's more familiar 
versions of the same works, and well worthy 
of every reader's attention. * 

Last of the Elizabethans. With James 
Shirley (b. 1596 ; d. 1666) we reach the last 
of this school of dramatists ; for though he was 
but a boy when the reign of the virgin queen 
ended, his early associates were the later 
Elizabethans, and all the influences on him were 
Elizabethan; he had come to manhood at the 
time of Shakespeare's death. Charles Lamb says 
of him : “ James Shirley claims a place amongst 
the worthies of this period, not so much for any 
transcendent talent in himself, as that he was 
the last of a great race, all of whom spoke nearly 
the same language, and had a set of moral feelings 
and notions in common. A new language and 
quite a new turn of tragic and comic interest 
came in with the Restoration." This, rather 
than Campbell’s Bomewhat perfervid panegyric 
of the dramatist, is a proper view of Shirley, 
for while ihe tragic and pathetic passages of 
his plays, which are chiefly tragi -comedies, are 
often distinguished by great tenderness and true 
feeling, he fails on the whole to rise to the level 
of his models, Beaumont and Fletcher and 
Ben Jonson. 

The English Spirit. We have now 
reached the conclusion of a most important 
stage of our study, for on our knowledge 
of and sympathy with the poets from 
Chaucer to Shirley will depend much of our 
understanding of English Literature. The 
Elizabethans, especially, are the beacon-lights 
of the English spirit, if the metaphor will pass. 
To know them well is to have the whole character 
of England illumined for our better apprecia- 
tion. They represent more directly than any 
body of writers in England, before or since, 
the spirit of their time and country. This may 
l>e thought an over-statement, when we remem- 
ber how the spirit of the eighteenth century is 
reflected in the writers of the period. But that 
is not the real spirit of England ; it is a passing 
phase ; whereas the spirit of the Elizabethan 
age is no passing phase, but the very pulsing of 
England's heart. In a sense, the Elizabethans 
are more “ in touch " with us of this later day 
than are the writers of the eighteenth century. 
We shall even find that the literature of the 
Victorian age, rich to abundance though it is in 
great writers and in great works, is not so 
thoroughly in tune with the English spirit as 
is that of the Elizabethan. For the creators 
of the latter were poets to a man, and the 
t is ever the truth-teller. He is not so apt 
temporise with passing moods and whims 
as the prose-writer is ; he utters himself with 
greater freedom, fearless, because “ It is in me, 
and shall out 1 ' Thus the age of Elizabeth 
remains for ever the epoch in which — with the 
awakening of all those varied energies that 
have since made the British Empire the un- 
matched wonder of the world’s history— there 
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lived, surely by no mere chance but inevitably, 
a splendid company of poets whose poetry 
enshrines for all time the E nglish 
ism, heroism, idealism, the love of liberty* 
beauty, Nature, domesticity. 

Morals and Sincerity. That the Eliza- 
bethan poets were as capable of expressing 
grossness as of voicing the noblest aspirations of 
the soul is no argument against them, Every 
country has its standard of good taste: an ocean 
wider than the Atlantic separates the English 
of to-day in matters of taste from their nearest 
neighbours across the Channel. And every 
age of any one country has had its own 
standard of good taste. That of the Elizabethan 
was assuredly different from that of our day ; 
just as that of fifty years hence promises to be 
strangely different from the standard of twenty 
years ago, The Elizabethan poets — Binoe, for all 
their superiority to the multitude, they were still 
men of their time— necessarily reflect in their 
writings the looseness of their age in the treat- 
ment of morals. It does not follow that they 
were one degree less moral than we are to-day ; 
but they spoke of subjects which with us it is bad 
taste to discuss. They were, for that very reason 
perhaps, the more honest ; and sincerity is the 
master-note of all the great Elizabethans ; 
indeed, sincerity is the one infallible test of all 
enduring literature. 

Nowhere is the value of sincerity so admirably 
appraised as in Carlyle’s “Heroes and Hero- 
Worship,’’ and we feel that, in order to appreciate 
this vital factor in all literature, the Btudent 
might do worse than read that work at this 
stage, with h is mind on this point alone. Sincerity 
lifts everything in which it is present on to a 
higher plane, and where we find it associated 
with other qualities of a derogatory kind — as we 
do in some, if not all, of the Elizabethan poets— 
it still remains the great preservative, purifying, 
vivifying the poet’s work, in spite of all. 

Supremacy of Shakespeare. And it is 

Shakespeare, again, who towers above his 
glorious company of contemporaries in his 
comparative freedom from all besmirching 
elements, but by that token he is, as we have 
already hinted, really less the mirror of his age — 
but more the mirror of the English spirit — than, 
for example, Beaumont and Fletcher. He is the 
most modem writer in our language. It would 
seem that in one fruitful moment the genius 
of England gave birth to a poet who interpreted 
his country to itself and to the world once and 
for all time ; his thought and language being the 
everlasting mind and utterance of his race at its 
highest. His contemporaries are small when 
ranged beside him, yet mighty in their individual 
and collective strength. But after what has been 
said, it is surely unnecessary to insist further on 
the importance of gaining a good knowledge of 
Shakespeare and his contemporaries — this must 
be apparent to all who have come with us thus 
far in our studies. And we may now take leave 
of the Elizabethans by quoting the summary 
with which Taine begins ms study of the theatre 
in his “ History of English Literature." 



“ Forty poets, amongst theta two of superior 
rank, as well as die, the greatest of all artists 
who have represented the son! in words ; many 
hundreds of pieces, and nearly fifty master- 
pieces ; the drama extended over all the pro- 
vinces of history, imagination, and fancy — 
expanded so as to embrace oomedy, tragedy, 
pastoral and fanciful literature— to represent 
all the degrees of human condition, and all the 
caprices of human invention — to express all the 
peroeptible details of actual truth, and all ths 
philosophical grandeur of general reflection ; 
the stage disencumbered of all precept and freed 


from all imitation, given up and appropriated In 
the minutest particulars to the reigning taste 
and public intelligence : all this was a vast 
and manifold work, capable by its flexibility, 
its greatness and its form, of receiving and 
preserving the exact imprint of the age and 
the nation.” 

Such is the Elizabethan drama, the most 
important of all periods of English literature, 
not to the student only, but to the general 
reader who desires to possess a reasonable 
knowledge of our great literary heritage. 

Continued 


THE CHOICE OF BOOKS IN ELIZABETHAN LITERATURE 

The subjoined list is by no means exhaustive, but it contains reference to the most convenient 
editions of the poets and to standard works in criticism and biography. We have purposely 
chosen only those books which, published at low prices, may be added to the reader’s own 
private library. At public libraries many other and more expensive works are available 
to the student. It should be noted that some of the books are no longer included in the 
current lists of their publishers, but these are regularly to be met with at the secondhand 
dealers. The “ Mermaid ” series was originally published by Vize telly at 2s. 6d., and latterly 
by Unwin, at 3s. 6d. Many of this admirable series are still in print, but the collector will 
find single volumes at almost any secondhand bookseller’s. 


General. 

Specimens of the Elizabethan Drama. From Lyly 
to Shirley. Edited by W. H. Williams. Claren- 
. don Press. 7s. (Id. 

Marlowe’s Dr. Faustus and Greene’s Friar Bacon 
and Friar Bungay. Edited by A. W. Ward 
Clarendon Press. 6s. 6d. 

The Shakespeare Anthology. Edited by Prof. Arber 
Frowde. 2s. 6d. 

The Jonson Anthology. Edited by Prof. Arber. 
Frowde. 2s. 6d. 

Shakespeare's Predecessors. By J.A.Symonds. 1*84. 
My Study Windows. By J.R.Lo well. Scott. Is. (Id. 
Specimens of English Dramatists. Charles Lamb. 
Dent. Two vole. 3s. ttd. net. each. 

Nicholas Udall. 

Ralph Roister Doister. Temple Dram. Dent, ls.net, 
John Lyly. 

Campaspe. Temple Dramatists. Dent. Is. not. 
George Peele. 

Plays and Poems. Morley’s Universal Library. 
Routledge. 1887. Is. 

Dramatic Works. Edited by A. H. Bullen. 1888. 
Robert Greene. 

Tragical Reign of Selimus. Tem. Dram. Dent. Is. net 
Oreen Pastures. A Selection from his Works. 
Edited by Dr. Grosart. Stock. 1894. 
Christopher Marlowe. 

Plays and Poems. Newnes. 1905. 3s.net. 
Edward II. Edited, with Notes, by O. W. Tanoock. 

Clarendon Press. 7s. 6d. 

Edward 11. Temple Dramatists. Dent. Is. net. 
Works, including Translations. Edited by Col. 

Cunningham. Chatto & Windus. 3s. 6d. 
Selections. Canterbury Poets series. Scott. Is. 
Faustus . Morley’s Univ. Lib. Routledge. 1883. Is. 
Faustus. Temple Dramatists. Dent. Is. net. 
Best Plays. Edited by Havelock Ellis. Mermaid. 
William Shakespeare. 

“ Oxford ” Edition. Frowde. 2s., 3s. 6d. 

44 Globe ” Edition. Macmillan. 3s. 6d. 

“ Leopold ” Shakespeare. Cassell. 3s. 6d. 

Select Plays. 17 vols. Each complete, care- 
fully edited and annotated. From Is. to 2s. per 
vol. Clarendon Press. 

44 Arden ” Edition. Each play in separate volume. 
Methuen. 3s. 6d. each. 

Lectures and Notes on Shakespeare. S. T. Coleridge. 
Bell. 3s. dd. 

Essay by Lowell in The English Poets. Scott. Is. 6d. 
Essay by Lamb “ On Shakespeare’s Tragedies” in 
Critical Essays. Dent. 3s. 6d. net. 
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Introduction to Shakespeare. By Prof. Dowden. 
Blackie. 2s. 0d. 

Shakespeare Primer. Prof. Dowden. Macmihan. Is. 
A Life of Shakespeare. Sidney Lee. Smith Elder. 
7s. 6d. 

Ben Jonson. 

Play 8 and Poems. Newnes. 1905. 3s. net. 

Plays and Poems. Morley’s Universal Library. 
Routledge. 1883. Is. 

Best Play 8 . Edited by B. Nicholson and H. C. 

Hereford. Mermaid series (3 vols.). 

Works. Memoir by Gifford. Edited by Cunningham. 

Chatto & W indue. Three vols. 3s. dd. each. 
Every Man in His Humour. Tem. Dram. Dent. 
Is. net. 

Brave Translunary Things. Selections from Jen- 
son’ s Prose and Verse. By Grosart. Stock. 1895. 
Selections. Canterbury Poets series. Scott. Is. 
Discoveries. Temple Classics. Dent, ls.6d.net. 
Ben Jonson. By J. A. Symonds. English 
Worthies series. Longmans. 2s. 0d. 
Beaumont and Fletcher. 

Best Plays. Edited by Strachey. Mermaid series. 
Philastcr. Temple Dramatists. Dent. Is. net. 
Philip Massinger. 

Best Plays. Edited by A. Symons. Mermaid series. 
Plays, from the Text of Gifford. Edited by Col. 

Cunningham. Chatto & Windus. 3s. 0d. 

New Way to Pay OldDebts. Tem. Dram. Dent, ls.net. 
John Ford. 

Best Plays . Edited by Havelock Ellis. Mermaid. 
The Broken Heart. Templo Dramatists. Is. net. 
Thomas Dekker. 

Best Plays. Edited by Ernest Rhys. Mermaid series. 
Old Fortunatus. Temple Dramatists. Dent, ls.net. 
Thomas Middleton. 

Best Play 8 . With Introduction by A. C. Swin- 
burne. Mermaid series. 

A Woman Killed with Kindness. Temple Drama- 
tists. Dent. Is. net. 

Thomas Heywood. 

Best Plays. Ed. by Symonds and Verity. Mermaid. 
George Chapman. 

Best Plays. Edited by B. Nicholson and W. G. 
Stone. Mermaid series. 

Plays , Poems , and Translations of Homer. Three 
separate volumes. Chatto & Windus. 3s. 0d. each. 
John Webster. 

Best Plays. Edited by J. A. Symonds. Mermaid. 
The Duchess of Malfi. Temple Dram. Is. net. 
James Shirley. 

Best Plays. Ed. by Edmund Gosse. Mermaid series. 
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QIOMAFHY 

Europe end ^ Asia Compared* The allowing for differences of elevation, distance from 

structure of Eurasia will not be described in the sea, and other modifying circumstances, a 

detail here. But one fact is too significant to be similar arrangement of the zones of climate, 

overlooked. That fact is the unity of physical which finds a broad expression in the natural 

structure which characterises Eurasia and makes zones of tundra, forest, steppe, desert, etc., already 

it, in spite of the conventional division into described. Those may be traced across Eur- 

two continents, really but a single one. Physi- asia [60], but they are best marked where the 

oally, it fe impossible to say where Europe continent is widest— that is, in Asia. The 

tundra, a mere narrow fringe in Europe, 
forms a broad band in Asia, which has 
a much greater extension of land 
within the Arctic circle. Similarly, 
the belt of temperate forest which 
covers Northern and much of Eastern 
Europe attains vaster dimensions in 
the great plains and highlands of Asia. 

The steppes of Europe, which may 
be traced across Hungary and Southern 
Russia, widen similarly as we go east 
across the southern part of the Asiatic 
lowland. Towards the drier interior 
they pass gradually into the desert. This 
desert belt, which is a mere thread in 
Europe, extends across the whole of 
Central Asia, through Arabia, Persia, 

Russian and Chinese Turkestan, and 

Mongolia, broken by oases great or 
small where irrigation is possible. The 
southern boundary of the Eurasian 
59. physical map op eurasia desert belt may be broadly indicated 

Ihe solid black patch corresponds rouglily with tho country of by a line drawn from Aden, along the 
TOet. The majority oUhe^rgetoWM aro below the level of the Indu8 valley the p arair8 . ttnd sout h 

of the deserts of Mongolia to Peking, 
leaves off and Asia begins, and the boundary South of the central mountains and deserts lie 
between the continents has shifted with the the monsoon lands, in which the rainy season 

course of history [59]. occurs at the season of highest temperature. 

Any good map will show how the great natural The monsoon winds, as already explained, do 
features are continuous across both continents. not blow far outside the tropics, and this zone 
Broadly viewed, the northern part of Eurasia 
is one vast lowland, extending from tho shores of 
the Atlantic almost to those of the Pacific. South 



of this we trace across Europe and Asia, from 
ocean to ocean, a zone of varying breadth and 
height, but everywhere of considerable elevation. 
In Europe this zone of elevation, which we may 
call by the general name of the Eurasian 
Mountains, is represented by the mountains of 
Northern and Southern Spain, the Alps, Balkans, 
and Caucasus, and in Asia by a complex series 
of double and triple mountain chains, culminating 
in the great Himalayas. South of the Eurasian 
mountain system, which attains its greatest 
breadth as well as its greatest height in Central 
Asia, is a series of tapering peninsulas, all 
mountainous, and connected with the mountain 
core to the north. 

All these run south — into the Mediterranean 
Sea in Europe, and into the Indian Ocean in 
Asia. Notice, however, that while in Asia these 
extend far south of the tropic of Cancer, no part 
of Europe is within 12° of it. Asia, therefore, 
has a greater variety of climate and products 
than Europe, which lies wholly in temperate 
latitudes. 

Vegetation. Corresponding with this 
symmetrical arrangement of highland and low- 
land from east to west across Eurasia, there is, 



60. via STATION MAP OF EURASIA 


The tundra lands lie along the northern lowlands, 
bordering the Arctic Ocean ; the mountain flora occurs 
in the high mountainous regions of Central Asia. The 
cultivable land includes forests in isolated areas 

is consequently absent in Europe. Wherever 
the rainfall is sufficient the monsoon lands 
are fertile agricultural lands, often of the 
savana type. As the equatorial region of 
constant heat and moisture is approached, the 
vegetation becomes more exclusively and 
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61. GENERAL MAP OF EUROPE, SHOWING BOUNDARIES OF COUNTRIES, AND AREAS WITHIN 250 
V AND 500 MILES FROM THE SEA-COAST 


distinctively tropical, and in the Malay a rapid progress in the arts of life and of civilisa- 

Peninsula and the adjacent islands are dense tion generally. 

forests of the true equatorial type. EUROPE 

Europe and Asia Contrasted. Why, At the beginning of our study of the geography 
then, it may be asked, in view of these similari- of the different regions of the world we are 

ties, has the destiny of the eastern and western confronted with one of the great difficulties 

continents of Eurasia been so different? Such of the subject — what to leave out. Our maps 

a question is well asked, but it cannot be answered are crammed with the names of seas, mountains, 

without a very profound knowledge of the rivers, and towns, and about each of these 

geography of both continents. It may be much of undoubted interest might be said, 

pointed out, however, that the physical features This would make a series of large volumes, and 

of Asia, though broadly comparable to those of a similar series might then be written describing 

Europe, are on a vastly greater scale. Barriers how men live in different parts of the world, and 

of impenetrable mountain, desert, and forest cut how they obtain, utilise, and exchange each of 

off the interior from the sea, and hinder the the innumerable animal, vegetable, and mineral 

free movement of peoples and ideas. The country products which the earth offers. In a series of 

is densely populated only where fertile lowlands articles like the present, where there is room only 

open to navigable seas. Here the Indian and for the most essential of the myriads of interest- 

Chinese civilisations are highly developed ; but ing facts there are to know about the world 

they have been little influenced by the rest of the and its people, much space con be saved if those 

civilised world, and have exercised little influence who use them do not expect to find in the text 

upon it, because India and China are backed lists of names which they can and ought to 

by the loftiest mountains in the world and by find out for themselves in the carefully chosen 

'some of its most formidable deserts. maps which illustrate them. A student who 

The barrier of the desert is practically absent is not prepared to consult maps as frequently 

in Europe, the mountains are less formidable and as carefully as the text is advised to lay 

in height and breadth, while many other circum- aside the study of the subject. In the following 

stanoes, of which more will be said later, have pages it will be assumed that the student has 

combined to promote* that free movement of ascertained the general position of the various 

population on whioh depends tbe circulation of countries of Europe [61]. 

new ideas and new discoveries, and consequently What it is essential that wc should know 
862 



about all the countries to be studied are the 
ciroumstanoes which affect them individually 
as the possible or actual home of man. These 
inolude its position in latitude and longitude, 
which determines its general climate, and 
consequently the range of its possible products ; 
the distribution of its seas and land, which, 
besides their effect in modifying its climate, aid 
or hinder free communication between all parts, 
and thus, indirectly, the rate of progress in 
civilisation and commerce ; the distribution of its 
highlands and lowlands, which act in the same 
direction, and also exercise a great influence on 
the density of population in particular areas, 
and the nature of its natural products. 

Position of Europe. To state the 
position of Europe in latitude is to state its 
relation to the Pole and to the Equator — that 
is, to polar and tropical conditions of climate. 
To state its position in longitude is to state its 
relation to other parts of the world in similar 
or different latitudes. To know its latitude is 
to possess far more actual information about it 
than to know its longitude. 

The only satisfactory way to ascertain 
latitude or longitude is to look at a map, or, 
better still, a globe, and to reflect at the same 
time what the figures mean. If this is done 
for Europe, it will be seen that the parallel of 
70° N. cuts the extreme north of the continent, 
and that very little land lies north of it. The 
continent is but little wider where the Arctic 
Circle (67i°) cuts it, and only a few hundred 
square miles are within it. This means that 
practically no part of Europe is within the 
polar zone. The solid core of the continent 
lies mainly between 55° and 45° N. This means 
that the great bulk of the continent is in the 
cool temperate belt. The most southerly of 
the southern peninsulas, Spain, just reaches 
36° N. This means that only the extreme 
south of Europe is in the warm temperate belt. 

Excluding Iceland, which is, of course, part 
of Europe, the parallel of 10° W. may be taken 
as the western limit of the continent proper. 
It cuts the extreme west of Ireland, and passes 
a little west of the west coast of Spain. The 
very irregular land frontier with Asia is about 
74° E. at its most eastern point, and for a 
considerable distance roughly runs along 60° E. 

The boundaries of Europe should be looked 
out on the map. 

Th© Seas of Europe. Europe, which 
may itself be regarded as a large irregular 
peninsula of Eurasia, is a continent of seas, 
peninsulas, and islands. The most important 
of these are shown and named in the map. 

The sea penetrates deeply into the land, both 
north and south, greatly reducing the breadth 
of the continent west of 30° E. long. The 
Mediterranean Sea, in the Bouth, is land-locked 
but for the Strait of Gibraltar, nine miles broad, 
it 6 only exit and entrance. Look out on the 
map its great gulfs— the Lion Gulf, the Gulf of 
Genoa, the Adriatic Sea, the J&gean Sea— and 
notice in particular the Strait of the Dardanelles, 
leading through the Sea of Marmora, by the 
narrow Bosphorus, to the Black Sea and the 
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Sea of Azov. The Caspian Sea, farther east, 
is entirely land-locked, ahd has no connection 
with the Mediterranean. In the north there is 
also an almost land-locked but much shallower 
sea, the Baltic, with its gulfs. The only 
exit from the Baltic is by the Sound, between 
Sweden and Denmark, leading .through the 
stormy Kattegat and Skagerrak to the wider 
North Sea, from which the only practicable 
passage to the Atlantic Ocean, its great gulf 
the Bay of Biscay, and the Mediterranean Sea, 
is by the narrow English Channel. The Arctic 
Ocean, to the north of Europe, has one arm, 
the White Sea, which gives Russia its port of 
Archangel. 

This cutting up of the continent by the sea 
is very important. Not only does it give to 
almost every important country access to at 
least one sea, but it makes the climate of 
Europe much more uniform than would other- 
wise be the case. Only in the extreme east, in 
Russia, is any part of Europe more than 500 
miles from the sea, and only there is a really 
continental climate experienced. 

Climate. The climate of a country, so 
far as its temperature is concerned, is best 
understood by examining the direction of the 
isothermal lines, and, in particular, the isotherms 
for January, the coldest, and July, the hottest 
month of the year. Temperature is affected 
by many other causes than latitude, for the 
isotherms do not correspond with the parallels 
of latitude, though they do so much more 
nearly in summer than in winter, and more 
nearly in the western than in the eastern part 
of the continent. Tlio western half of Europe 
is exposed to the westerly winds from the 
Atlantic, which, in winter, arc mild and rainy, 
and, in summer, cool and rainy. The reason of 
this has already been explained. 

The influence of the Atlantic winds on the 
climate of Western Europe is well shown by the 
manner in which the July isotherms are bent 
north in eastern Europe. In July, Kazan, in 
Russia, in the latitude of Edinburgh, is as warm 
as Oporto in Portugal. Archangel, on the 
White Sea, is as hot as Edinburgh, though it is 
20° farther north. In winter, when the severity 
of the winter is greatly lessened in Western 
Europe by the Atlantic winds, the eastern part 
suffers from intense cold. No one who has ever 
noticed the remarkable manner in which the 
January isotherms bend south in Central 
Europe, and has reflected what this bending 
south means, is ever likely to forget it [ 62 ]. 

Water freezes at a temperature of 32° F. 
The isotherm for this temperature, the freezing 
point, shows that Iceland, nearly all Scandi- 
navia, the greater part of Germany, Austria- 
Hungary, the northern Balkan States, and all 
Russia (except the southern part of the Crimea), 
are held in the grip of frost. In January it is 
warmer in the extreme north of Scotland than 
in Sofia, the capital of Bulgaria, which is in the 
latitude of Rome. To show how severe is the 
winter of Eastern Russia, take the isotherm of 
14° F., which indicates 18° of frost. Shown on 
a map it would pass east of St. Petersburg, and 
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curve south almost to tin Caspian Sea, in 
the latitude of Paris. Compare this with 
the climate of the British Isles, where 
weather cold enough for several days’ 
skating is the exception rather than 
the rule, or with that of Prance, Western 
Germany and the Mediterranean lands. 

We summarise the climate of Europe, 
therefore, by saying that it is equable 
in the west and south, and extreme in 
the east. 

Distribution of Rain. As a 

result of the influence of the Atlantic 
on the climate of Europe, we should 
expect to find the west of Europe 
wetter than the east, and the western 
slopes of mountains wetter than the 
eastern. This the rainfall map of 
Europe shows to be the case [68]. The 
rainy Atlantic winds strike full on the 
mountainous shores of Scandinavia, 
upon the British Isles, and particularly 
Ireland, and less directly upon Northern 
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shore of the Spanish peninsula. Ireland 
and the western half of Great Britain are 
considerably wetter than the eastern parts, as 
we may learn by unfortunate experience if we 
spend a holiday on the western shores of our 
island. In Scandinavia the winds part with 
much of their moisture on the western slopes of 
the western mountains, while the eastern slopes, 
and indeed all of Sweden, are comparatively dry. 

In this part of Europe the rainfall is fairly 
equally distributed at all seasons, but is heaviest 
in autumn and winter. Another area which is 
shown in the map as having a high rainfall is 
the mountain district of Switzerland, with the 
mountains to the north and south. The reason 
why mountain regions have a relatively high 
rainfall has already been explained, and should 
be borne in mind. The peninsulas to the south, 
and the Mediterranean lands generally, have 
dry summers, and the rainfall is in the winter 


half-year. The reason of this, the shifting 
north of the dry area in the belt of calms at the 
northern limit of the trade winds in summer, 
and the extension southwards of the rainy 
westerly winds in winter, has already been 
explained. In the east of Europe the map 
shows that few areas have as much as 20 in. 
of rain in a year, against 80 in. in the wettest 
parts of the British Isles. Round the Caspian 
Sea there are regions with less than 10 in. a 
year, where the desert conditions of Central 
Asia are beginning to be felt. The other very 
dry area of Europe is in Central Spain, where 
the rainfall is under 20 in. 

The Lowlands of Europe. It is no 
longer thought nocessary to learn by heart the 
names and heights of the highest and most 
inaccessible peaks of a continent or country. 
What we want to know, for most practical 
purposes, is where the lowlands are 
and how to get from one to another 
by the natural breaks or passes in the 
mountain chains. 

Looking at a map of Europe [64] in 
which the distribution of high and low 
ground is shown, wo see that the 
lowlands of Europe are very extensive, 
and that more than half the continent 
is less than 600 feet above sea -level. A 
great lowland, forming part of the 
Eurasian lowland, runs through the 
southern part of the British Isles, 
Northern France, Belgium, Holland, 
and Northern Germany, and widens 
out into the great plain of Russia, which 
stretches on, far beyond the boundaries 
of Asia, almost to the Pacific. In 
Europe it would be possible to walk 
from the frontier of Asia to the Bay of 
Biscay, by a fairly direct route, without 
ever seeing a hill as high as the Eiffel 
Tower in Paris. 

North and south of this vast 




lowland are bands of much higher land. To the 
north are the mountains of the British Isles and 
Scandinavia, separated from each other by the 
shallow North Sea. To the south, the highlands 
are broader, higher, and much more irregular in 
arrangement, forming part of the great Eurasian 
mountain system, which stretches from the 
Atlantic to the Pacific. To this system belong 
the mountains of Spain, the Pyrenees between 
France and Spain, the Central Plateau of 
France, the Vosges, Black Forest, and other 
mountains of Southern Germany, the Jura and 
Alps of Switzerland, the Apennines, running 
south from the Alps into Italy, the mountains 
of Bohemia, the Karpathians of Hungary, and 
the ranges running from the Alps through the 
Balkan peninsula, as well as the Caucasus, 
t>etween the Black and the Caspian Seas, 
forming part of the frontier between Europe 
and Asia. A number of smaller, fertile low- 
lands lie south of these Central Mountains, the 
largest of which are the plain of Lombardy, 
between the Alps and the Apennines, the 
plain of Hungary, enclosed by the Alps, 
the Karpathians and the mountains of the 
Balkan poninsula, and the plain of Roumania 
or Valakhia (Wallachia), south of the Kar- 
pathians. 

Rivers. A long though not continuous 
barrier of mountains is thus interposed between 
the north and south of Europe, and has always 
rendered communication between north and 
south a matter of some difficulty. The fact 
that this barrier lies far to the south, with the 
longer, gentler slope to the north, causes most 
of the great rivers of Europe to flow north to 
tho North and Baltic Seas, and gives to these 
seas, and the countries which border them, a 
very great importance. The only notable 
exceptions among the rivers of Europe are the 
Rhone, which flows generally south to the 
Mediterranean, and the Danube, which forces its 
way east to the Black Sea through one moun- 
tain barrier after another, forming the great 
physical, commercial, and political link between 
Central and Eastern Europe. The Volga and 
other great rivers of Russia also flow south, 
but they have no such importance for Europe as 
a whole as has the Danube. Note on the map 
how each of the principal countries of Europe 
has its great river linking its seas with the 
mountain centre of Europe. In France the 
Seine, the Loire, and the Rhone connect the 
English Channel, the Bay of Biscay, and the 
Lion Gulf of the Mediterranean with the centre 
of Europe. Germany has the magnificent 
Rhine, which enters the North Sea by way of 
Holland, as well as the Elbe, Oder, Vistula, and 
others of less importance, bringing her distant 
mountain provinces into touch with the many 
busy ports which fringe the North and Baltic 
Seas [64]. 

Austria-Hungary has the Danube, Italy the 
Po, and in Russia the Dnieper may perhaps be 
reckoned in the same group of rivers. Some 
of these rivers, with their tributaries, form the 
great natural lines of communication across 
Europe. The easiest route across Europe is 
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by way of the Rhine and its upper tributaries 
to the famous walled city of Luzern, whence 
the lake of the same name leads deep into the 
Alps, through the core of which is out the famous 
St. Gothard Tunnel, to strike one of the tribu- 
tary valleys of the Po, leading to the plain of 
Lombardy. Hardly leas important is the route 
by the Seine and Rhone valleys and the Mont 
Cenis Tunnel through the Alps to the head of 
another tributary valley of the Po, and thus to 
the great centres of Italy. The principal route 
to the east goes by the Rhine and Danube 
valleys. 

Vegetation. The natural zones of vegeta- 
tion — tundra, forest, steppe, and even desert — 
and their relation to each other and to the 
corresponding zones in Asia, have already been 
described [60], In Europe, however, man has been 
at work for centuries — if not millenniums — in 
transforming the face of the earth. Impelled 
by tho need of fuel, and still more of land on 
which to sow and reap, he has steadily oleared 
tho forests — at first, no doubt, along the rivers, 
and later up the side valleys and far up the 
hillsides. In Central Europe only the higher 
slopes of tin mountains are still forested, and 
in the valleys below orchards and meadow land 
have replaced the dark pine-woods. Nature, 
however, still asserts herself, and sets limits to 
the regions in which particular plants can be 
cultivated. 

Of all the chapters in the eventful history of 
our race none is more interesting than that of 
agriculture. When history begins this art was 
already old, and as man’s knowledge of the 
world has widened, plant after plant from other 
lands has been introduced into Europe with 
more or less success. Many of the most familiar 
cultivated plants are really not of European 
origin at all. 

Tho Cereals. The most important 
lants cultivated by man are the cereals, or 
read stuffs, from which the staff of life is 
manufactured. Of these the most productive 
as well as the most palatable is wheat, which is 
grown all over Europe south of the North and 
Baltic Seas, as well as in the British Isles. In 
the hotter, drier parts of the southern peninsulas 
it is largely replaced by maize. All through the 
wheat belt rye, oats, and barley are grown on the 
poorer soils, the latter cereal being so hardy that 
it can be cultivated as far north as the Arctic 
Circle, though of course with a diminishing 
yield. 

Fruita. Next in importance to the cereals, 
and almost as ancient, are the fruits. These 
include many different varieties adapted to 
different climates. The king of the northern 
fruits is the apple, which has made famous the 
orchards of Southern England and Northern 
France. In the rather drier countries of 
Central Europe the stone fruits — cherry, apricot, 
and plum — become more important, the latter 
being one of the staple products of the northern 
Balkan provinces. The Mediterranean has two 
famous fruits, anciently reckoned as the best 
gifts of the gods to man. These are the olive, 
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with its nutritious oil, and the vine. The vine, 
however, though it loves the sunny South, can 
be grown with care far north of the Central 
Mountains, on the terraced southern slopes of 
the hills. A few hundred years ago it is said 
to have flourished in these islands and in 
Northern France, though we must suppose that 
its juioe must always have lacked something of 
the mellow sweetness which only long, steady 
sunshine can give. 

The Root Crops. A third group, hardly 
less important, is the root crops. These are 
among the youngest of the staple crops of Europe, 
but their introduction has caused a revolution 
in the conditions of life. Formerly cattle were 
killed in late autumn because winter food was 
not to be had. The flesh was salted down or 
Bmoked, and this unpalatable fare formed the 
principal winter diet. 

The introduction of root crops of the swede 
type has made it possible to have fresh meat 
and milk all the year round. The potato, 
transported from the New World, has brought 
a oheap and palatable food within the reach 
of all classes. A recent but \'ery important 
food orop is the sugar beet, which is largely 
grown aU over France and Germany, and 
might with advantage be introduced into this 
country. 


Fibre and Fodder Plants. Another group 
of plants is grown for fibre. Of these the most 
useful are flax and hemp, largely grown around 
the Baltic. Besides these great groups we may 
note plants grown for fodder, including grasses 
of various kinds. In Southern Europe the prin- 
cipal fodder plant is lucerne, a pulse with long 
roots, which is better suited to the drier climate. 
The pulses [see Botany] are widelv grown, but 
are specially important in the Mediterranean 
region. In the same region the mulberry is 
largely grown to feed silkworms Many other 
plants, such as hops, used in the making of beer, 
might be mentioned, without exhausting the 
useful plants grown in many parts of Europe. 

Animals. The ancient wild animals of 
Europe have now almost disappeared, and have 
been replaced by the domestic animals — cattle, 
horses, sheep, goats, which are kept wherever 
pasture is available. The goat and the sheep, 
the hardiest and least dainty, have a wide range. 
The goat does well in the Mediterranean region. 
The sheep of many parts and particularly of 
Britain and Saxony, are famous, as are the 
horses of Hungary. The Mediterranean region 
is too dry for cattle, and the mule becomes more 
important than the horse. In the extreme 
north of Europe the reindeer is the only domes- 
ticated animal, serving for purposes both of 
draught and food. 


Continued 
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OUTLINES OF EDUCATIONAL TOURS ABROAD travel 

Model Itineraries indicating how in the Least Time and with Mini- 6 

mum Expense Tourists may see Germany, Norway and Holland 


By J. A. HAMMERTON and 
GERMANY 

Germany is not, on the whole, a land of im- 
posing natural scenery, but it is the seat of the 
most intellectual civilisation in the world. Its 
cities are almost all quaintly interesting, historic, 
and beautiful, and its agrarian tracts uniquely 
attractive to the student of agricultural con- 
ditions. Its cathedrals are epitomes in stone 
of the religious history of a thousand years, and 
its picture galleries rival those of Italy. Travel 
is exceedingly comfortable, inns are excellent, 
the people sincere and reliable ; the manners 
and customs are fascinating with the survivals 
of picturesque medievalism, and the develop- 
ment of modem industry is astonishing. Ger- 
many is specially interesting as the link between 
North and South, and between East and West. 
Fresh and bracing with the breath of the Baltic, 
it is with its lovely vineyards suggestive of the 
attributes of the South ; while its exquisite 
scenery along the Rhine, in the Black Forest, 
and in Saxon Switzerland can scarcely be ex- 
celled anywhere in Europe for those who aim 
at the maximum of enjoyment with the minimum 
of fatigue. 

As Germany is a very populous country, and 
its attractive cities are fairly distributed over 
the whole area, the tourist who wishes to gain 
a general acquaintance with this extremely 
interesting land has a great latitude of choice. 
But a delightful trip of a fortnight is easily 
planned for those who go for the first time. 

A Fortnight in Germany. The wisest 


gramme of the tour would then be as follows: 

First and Second Days. Id Berlin the main 
objects to be visited are the Palace, the Royal Library , 
with its 800,000 volumes ; the Picture Gallery, con- 
taining 1,500 paintings | the University , attended by 
4,000 students ; ana the old and new Museums . 
These will occupy the first day. The second day will 
be delightfully spent among the interesting open-air 
sights. The famous Unter den Linden , or grand 
double avenue of lime-trees ; the splendid park called 
the Thier Garten, and the Zoological Gardens , which 
are among the finest in Europe ; the magnificent 
Brandenburg Thor , or Triumphal Arch ; the noble 
equestrian statue of Frederick the Great ; the War - 
riors ' Monument , and the Royal Chateau of Monbvjou , 
all invite pleasant attention. 

Third Day. A day is ample for the inspection of 
Potsdam, after Berlin the finest and beat built oity 
in Prussia, with the sights in the environs. These are 
the Triumphal Arch, oopied from Trajan*s at Rome, 
the celebrated Sans Souci Palace, erected by Frederick 
the Great; the villa called Onarlottenhof , with its 
lovely gardens | and the old Royal Palace , with its 
Grand Colonnade. 

Fourth Day. This may well be spent at Dresden, 
where the “ things to see ” are compactly situated. 
The Japan Palace contains the immense Public 
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Library, and in the Green Vault the wonderful 
collection of pearls, precious stonos, and ouriosities. 
The Court Theatre is a magnifioent edifioe, but the 
pride of Dresden is, of course, the Picture Gallery. 
Here, amongst many masterpieces, are Raphael's 
“ Sistine Madonna,” Titian's ‘^Tribute Money " and 
“ Venus,” Correggio’s “ La Notte,” Da "Vinci’s 
“ Francesco Spraga,” and numerous works by 
Rubens, Vandyke, etc. 

Fifth and Sixth Days. Two days must be de- 
voted to Leipzig. Life here is full of fascination. 
The chief of the sights are tho beautiful Rosenthal 
Park , the stately Rathhaus ; the Gewandhaus , famous 
for its concerts ; the old Pleissenburg Castle , the fine 
Museum, the Grand Theatre , the University , with 

3.000 students, and the Conservatorium of Music. 
If the tourist is in the city at New Year, or Easter, 
or Michaelmas, he will bo fortunate in seoing the 
marvellous Trade Fair held three times a year ; the 
famous Book Fair being also held at Easter. 

Seventh Day. A short journey takes one to 
Halle. Here are striking sights, including Handel's 
Monument and the house where the musician was 
born ; the ancient Red Tower in the Market Place, the 
fine Town Hall, the University, and that most famous 
orphanage in the world, the Francke Institution, with 

4.000 inmates. All can be seen in a day. 

Eighth Day. Near at hand is Wittenberg, 
which claims a day. It is full of memories of Luther 
and Melancthon, whose graves are in the Schloss 
Kirche, where Luther preached, and to the doors of 
whioh he nailed his thoses. Their monuments are 
in 4he market, and Luther's House is a wonderful 
museum of his relics. 

Ninth Day. Although Magdeburg and Bruns- 
wick are charming with their quaint, historical aspect, 
one day is sufficient to see both towns. The old 
thirteenth century Cathedral in the former contains 
Totzel’s great money-box, and in front of the fine old 
Town HaU is the monument to Oiho the Great, ereoted 

LUiiuo uiuugav m/m mio aauijt ajvdi&u mjt aagiu? wmv 

Lipn. In the Museum are works of art by Diirer, 
Rembrandt, Holbein, Guido, Angelo, etc. A fine 
avenue of lindens leads to the Ducal Palace , a very 
imposing edifioe. 

Tenth Day. This could be devoted to Hanover 
and Hildesheim, which oan both be seen in the 
time. In Hanover the curious old streets in one 
part of the city, the ten bridges over the Leine, the 
Column of Victory in the Waterloo Platz, the stately 
Town HaU , dated 1439, the Royal Library , the fine 
Royal Palace, and the splendid Theatre are all worth 
speoial attention. In Hildesheim are the most 
wonderfully picturesque medieval wooden houses in 
Europe, with balconies on their upper stories, and 
marvellous carved gables and walls. The eleventh 
century Cathedral has magnificent bronze gates of that 
period, as well as lovely paintings on glass. The 
Church of St . Michael is an ancient basilica. On the 
wall of the Church of St. Godehard is a rose-tree 
supposed to be nearly a thousand years old. 

Eleventh and Twelfth Days. The traveller 
reaches the beautiful Rhine at Cologne, with its 
glorious Cathedral, whose twin towers soar to the 
height of 500 feet. Here are the reputed skulls of 
the three Wise Men from the East. The Churchjbf 
St. Ursula contains the bones of 11,000 virgin 
martyrs, and at the Church of St. Qereon are the 
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bones of 6,000 Theban martyrs- In St. Peer’s is 
the famous altar-piece by Rubens, representing the 
Crucifixion of St. Peter. To Cologne and the neigh- 
bourhood two days may well be given.' 

We have allowed for o day’s journey at the begin- 
ning •! the tour, and the fortnight’s progress will end 
wftE the day required for returning to London, and 
the tourist will hare the satisfaction that be has 
gained an excellent acquaintance with the most 
important region of Germany, the heart of the 
Empire. 

Longer Toura. Three weeks would give 
the visitor the opportunity of including at least 
a portion of South Germany, for it would enable 
him to go, after seeing Dresden, down to 
Munich, the splendid Bavarian capital, then to 
take in Nuremberg, Ratisbon, and Heidelberg, 
resuming the above tour by going from Heidel- 
berg up to Leipzig. A month would enable the 
tourist to see most of the Rhine, to go also to 
the Falls of the Rhine at Neuhausen, and to 
spend three days in the Black Forest. 

Fares from London to Berlin. Vid 
Harwich and Hook of Holland or Flushing: 
Single, £4 6s. 9d. f £3 2s. ; return, £6 4s., £4 8s. 
The fares vid Hamburg to Berlin are each way 
(with no reduction on return ticket). First class, 
£2 14s. ; second class (train), with first class on 
boat, £2 6s. 6d. ; second class throughout, £2 Os. 6d. 
Train fares in Germany are Blightly cheaper than 
in England. The second-class carriages are 
often superior to the first class in England. 

Cost of Living. In Germany this is rather 
less than in most Continental countries. Good, 
wholesome food is to be obtained everywhere 
in abundance. Bread is everywhere excellent, 
and both meat and drink are under strict Govern- 
ment supervision. It is an excellent plan 
to dine at the popular restaurants. The old- 
fashioned and unassuming hotels will often 
be found as comfortable as the more pretentious 
modem establishments. Germany is a true 
homeland of substantial comfort. 

Books to Read. Literature about Ger- 
many is abundant. Longfellow’s “ Hyperion ” is 
the best for reading on the journey, and almost 
as delightful is Bayard Taylor’s 44 Views Afoot.” 
Excellent are 44 German Life in Town and 
Country,” by W. H. Dawson ; 44 German Life,” 
by H. Mayhew ; 44 Pictures from Germany,” 
by Dr. Green ; and 44 Rambles in Germany,” by 
Hon. F. St. John. 

HOLLAND 

The English visitor to Holland for the first 
time is astonished at what a now world he has 
reached in a few hours. Country, people, 
customs, language, style of buildings, dress, and 
methods of business are all strange, quaint, and 
striking. The home of the historic Dutch people 
is a phenomenal country, full of extraordinary 
natural characteristics. It is the lowest land in 
the world, most of it lj ing several feet below 
the sea-level, and needing the protection of the 
marvellous system of dykes. Countless canals 
intersect the land in all directions. The lofty 
and narrow houses, constructed of red brick 
and white cement, the numerous odd -looking 
windmills, the trim tulip gardens, and the rows 
of poplars stretching along the dykes and canals 
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for miles, impart a unique aspect to the view 
from every point. 

A Week in Holland is sufficient for 
gaining some knowledge of the country well 
worth acquiring. It should be spent in visiting 
Amsterdam, Markon, Zaandam, Haarlem, The 
Hague, Scheveningen, and Delft More oannot 
be accomplished, but the tourist will have 
enjoyed a memorable week. 

A FORTNIGHT IN HOLLAND. First Day. 
Rotterdam : The Boompea , or handsome and busy 
quay, planted with fine trees. The Oroote Markt , 
with famous bronze statue of Erasmus. The House 
of Erasmus in the Eijde Kerkstraat. Boymans* 
Museum, with fine picture-gallery, containing some 
famous works of Rembrandt, Hals, Ruysdael, Van 
Ostade, Hobbema, etc. The fine Park. Zoological 
Gardens. 

Second Day. Gouda : The Groote Kerk, with 
its far-famed 42 stained windows containing Scripture 
subjects. The Museum, with curious local anti- 
quities and fine pictures. 

Third Day. Utrecht : The Cathedral of St. 
Martin, with beautiful Gothio cloisters and great 
vaults, in which are the hearts of the German Em- 
orors Conrad II. and Henry V. Cathedral Tower, 
38 ft. high, with chime of 42 bells. The view takes 
in nearly all Holland. The Museum of A rts, in which 
are famous pictures, the finest being various works 
of De Keyser and Van Sohoreol. 

Fourth Day. Amsterdam : The magnificent 
central square called the Dam., with the lofty monu- 
ment surmounted by the Statue of Concord. The 
Royal Palace, built on nearly 14,000 piles, with 
splendid Council Chamber, and many fine pictures by 
Bol, De Wit, Flinck, Eockliout, and Wappers. The 
Tower , crowned by gilded ship, gives a wonderful 
view from the summit. The Nieuwe Kerk, with 
famous and beautifully carved wooden pulpit, and 
sevoral monuments of noted admirals, including 
Do Ruytor. The Stadhuis, with famous pictures 
by Bol, Hals, Flinck, etc. The Ryks Museum , the 
finest picture-gallery in Holland, with Rembrandt’s 
“Night Watch,” etc. The Zoological Gardens, the 
finest in the world next to those in London. 

Fifth Day. Marken : A singular island. Famous 
for the curious costumes of its primitive people 
and its houses on artificial mounds or “ hills of 
refuge.” The Zuider Zee is seen to advantage here. 

Sixth Day. Zaandam : A very typical Dutch 
town. Hut of Peter the Great , an extraordinary 
historical relic. The 400 windmills along the bank 
of the Zaan. 

Seventh Day. Alkmaar : Town Weighing- 
house with handsome tower, in front of which, on 
Fridays, is arranged the most wonderful cheese 
market in Europe. 

Eighth Day. Haarlem : Thriving manufac- 
turing town, but wonderfully clean and very attrac- 
tive. Many pretty gardens and extensive prome- 
nades along the Spaarne. The Groote Kerk, with the 
world-famous organ, long the largest in the world. 
Public performances at noon on Tuesdays and 
Thursdays. Town Hall with museum, containing 
picturos by national artists, especially Hals. The 
Park, with beautiful beeches. The magnificent 
Tulip Gardens, which largely supply the world with 
the choicest and most costly bulbs. 

Ninth Day. Leyden : Very ancient and charm- 
ing city, on an arm of the Rhine. Gothio Church of 
St. Pancras , with singular towers, and 38 massive 
interior buttresses. The Church of St. Peter, the 
largest in Leyden, with the tombs of its most famous 
men. The Botanic Garden, with hot- houses contain- 
ing magnificent exotics of East Indies. 

Tenth Day. The Hague : One of the loveliest 
cities in the world. The fashionable pleasure city 
of Holland. Surrounded by glorious woods. The 


¥fjver\ or Fish Pond, a beautiful sheet of water in 
the middle of the town, with islands and swans. 
The Binnenhof, a curious mediaeval pile, in which 
are many of the municipal and Government offices. 
The far-famed Picture Gallery , containing many of 
the masterpieces of Rembrandt, Potter, Steen, Dow, 
Van de Velde, Ostade, Ruysdael, etc. Most popular 
of all is Paul Potter’s “ Bull." The beautiful Park, 
with the Huts ten Bosch (House in the Wood), a 
splendid Royal villa. 

Eleventh Day. Schevkningen : Old and New 
towns. The former a quaint fishing village. The 
latter a popular seaside resort. 

Twelfth Day. Delft : Pretty town, with clean 
canals bordered by lindens. Only a quarter of an 
hour by rail from The Hague. The Oude Kerk , with 
leaning tower. Here is a monument of Van Tromp. 
The Nieuwe Kerk , with magnificent monument of 
William of Orange. The Stadhuis , with some fine 
pictures. 

Thirteenth Day. Schiedam and Vlaardinqen : 
At Schiedam are 220 distilleries , where are manu- 
factured the famous “Hollands" and “Geneva." 
Near by is the latter town, which is the chief depot of 
the wonderful industry called the “ great fishery," 
in which a fleet of smacks is employed for the herring, 
cod, and haddock catch. 

Fourteenth Day. The tour concludes with 
return to Rotterdam, or to Hook of Holland or to 
Flushing, for England. 

A Week’s Extension, By extending the 
tour another week, time may thus be had for 
visiting Edam, Volendam, and Hoorn. If 
yet another week can be devoted to Holland, 
it might include Broek, Monnickendam, Pur- 
merende, the wonderful Great Holder Dyke, 
Woerden, Arnhem, etc. 

Fares. Travelling is unusually easy in 
Holland, the distances being so short. The 
average daily cost, including railway fare and 
hotel expenses, should not amount to more 
than from £1 to 23s. a day. This may be con- 
siderably reduced by avoiding the larger hotels 
and taking many meals at the cafes and res- 
taurants. The fares from London to Rotter- 
dam are: First class, single, £1 11s. 6cl. ; 
return, £2 8s. 3d. ; Second class, single, £1 Os. Id.; 
return, £1 11s. 7d. 

Books. Abundance of literature of Dutch 
travel exists. Amongst the best works are : 
Meldrum’s “ Holland and the Hollanders ; " 
Wood’s “ Through Holland ; " Lovett’s 
“ Pictures from Holland ; " Bird’s “ Land of 
Dykes and Windmills ; ” Hare’s “ Sketches in 
Holland ; ’’ Havard’s “ Picturesque Holland ” 
and “ The Heart of Holland ; " and Esquiros’ 
“ Dutch at Home.” 

NORWAY 

No country on earth can rival in its own 
special features the “ Land of the Midnight 
Sun.” Within forty hours we can reach that 
glorious coast, the Norwegian “ Skjaergaard," 
which, for more than eight hundred miles, 
with its innumerable rocky islands stretches 
from Stavanger to the North Cape. Thus, by 
a short sea trip, we are able to penetrate one of 
the most romantic regions on the surface of the 
globe, where shining fjords, dotted with islets, 
ramify amongst precipitous mountains ; where 
gleaming glaciers continue the snow-fields to 
the edge of the sea ; where verdant and flowery 
fjelds are haunted by the bear, the elk, the 


lynx, and the reindeer ; and where cascades 
dash down from dizzy heights to slumber in 
magnificent lakes that are counted by hundreds 
in this glorious territory. The attractions of 
Norway abound in every district In this 
respect it is absolutely unique. It matters not 
whether the traveller chooses Telemarken, the 
Fiile Fjeld, of the oentre, the Dovre Fjeld, 
further north, the passage to the North Cape, 
the Western Fjords, or tha region round 
Christiania. ^ 

A Week in Norway. Although it might 
be imagined that very little indeed could be 
seen of so vast a country as Norway, crowded 
with scenes of beauty, in the short period of a 
single week, yet on account of the easy accessi- 
bility of the sublime Western Fjords, it is 
possible for an active tourist to become well 
acquainted with a number of the most famous 
centres of that portion of the grand ooast. If 
no longer time can bo given, the week should 
be devoted to the neighbourhood of Bergen 
and the wonderful Hardanger Fjord. A day 
each should be given to Bergen, Odde, Eide, 
Vik, Vos, and Gudvangen. Thus, the lovely 
Sogne Fjord is also seen, and the week covers 
what is, in the view of many lovers of Norway, 
the most exquisite section of the country. 

A FORTNIGHT IN NORWAY. First Day. 
Bergen : The ancient painted warehouses in the 
suburb of Sandviken. The Fish Market. The grand 
view from Fjeldveien. The Museum, with wonderful 
antiquities of the Stone Age, the Bronze Age, the 
Early Iron Age, the Viking Ago, and a magnificent 
Natural History Department. 

Second Day. Odde : On a lovely branch of the 
Hardanger. Excursion to the Buar brae Glacier. 
The sublime Folgefonde Glacier. 

Third Day. Eide : Lovely sconory all nround. 
Vossevangen. The glorious drive to Gudvangen, 
commanding some of the subliinest mountain 
scenery in Norway. 

Fourth Day. LaerdalsOren : Splendid scenery 
on the Sogne Fjord. Some of tho waterfalls in the 
district botwoon Gudvangen and LnerdalsOren are 
2,000 feet high, and one is upwards of 3,000 feet. 
The mountains flanking tho fjord in this section arc 
seldom less than 5,000 feet high. Nature here 
displays her wildost, grandest, and most marvellous 
moods. 

Fifth Day. Balholm * A favourite centre for 
various little summer excursions amongst the super- 
latively boautiful mountain scenery, lake, valley, 
and fjord. This is one of tho finest parts of the 
Sogne Fjord. The Rommehesten can bo easily 
ascended, and from the summit a glorious view is 
obtained of glaciers and snowclad mountains. 

Sixth Day. Vadheim : On the lovely little 
Vadheim Fjord, an arm of the Sogno Fjord. 

Seventh Day. Forde : Drive on to the lovely 
Jolster Lake and then to Or dal by the grand waterfall 
called the Hulefose. Arrive at Faleide. 

Eighth Day. Faleide: One of Norway’s choicest 
centres. The beauty of the scene defies description. 
Glaciers of Olden and Loen, and the LaU*s Langseter 
and Svingseter, famous for fishing. <-* 

Ninth Day. Hellesyllt : Splendidly situated 
at tho head of the Sunnelvs Fjord, which is a mile 
wide and extends for 20 miles between precipitous 
mountains 5,000 feet high. 

Tenth Day. Steamer along the grand and gloomy 
Geiranger Fjord , considered the most wonderful of 
all the Norwegian waterway gorges on the coast. 
The Seven Sisters Waterfalls. 
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Eleventh Day. Aalbsund The Parky with a 
splendid panorama. The centi* of the codfiehing 
district of Sonmor. Numerous cod-liver oil factories. 
Drive to Borgund Church, one of the curious wooden 
churches built in the 12th century. 

Twelfth Day. Molde : Styled by some en- 
thusiasts the u finest spot in all Norway.” Roman- 
tically situated on the ocean at the ontranco to the 
RomedaU Fjord, The lovely littl f> park of Iieknace- 
haugen. Beautiful walk up to Varden , whence is 
seen one of the grandest of Norwegian panoramas. 

Thirteenth Day. From Molde to the wonder- 
fully beautiful Rikisdala Lake by steamer. A 
delightful little excursion. Romantic gorges and 
glaciers. 

Fourteenth Day. Return to Bergen by steamer. 
Magnificent coast and island scenery. Some 
travellers prefer to do this voyage at night. 


Three WeeKe In Norway. Such a tour 
will, of course, afford fine opportunity of ex- 
tended surveys of this marvellous land in the 
north. The visitor should go from Hull to 
Christiania instead of to Bergen, and cross the 
country from the eastern side, traversing the 
splendid mountain tract called the Fille Fjeld. 
This will occupy a week, for the ride is by 
carriole, the pretty little vehicle of the country, 
which holds one traveller, drawn by a sturdy 
little mountain pony. Doing 50 miles a day, 
always amidst glorious scenery, in a bracing 
atmosphere, with mountains, cascades, glaciers, 
pine forests, lakes, alternately in view, the 
distance of 300 miles is done in six days, and 
the tourist emerges from the sublime wilderness 
at Laerdalsoren, at the head of the grand 
fjord mentioned already He will have en- 
joyed a week never to be forgotten. Then after 
the fortnight on the west already described, he 
can go from Molde north to Trondjem, spend 
two days there, then take the railway for 
Christiania, stopping at any few of the various 
attractive spots on the way for a day each. 

A Month in Norway. This is an ideal 
experience. At Molde, after the three weeks 
already described, the tourist should undertake 
the journey by the romantic Romsdal, one of 
the loveliest valleys on earth, which leads to 
the Great Dovre Fjeld. This he will cross by 
way of Dombaas and Jerkin, going over the 


magnificent, wild, and sombre jumper plateau. 
The experience will be unique, ana innermost 
Norway will be seen to perfection. The railway 
is reached at Lille Elvdal, and between that 
point and Christiania the fourth week may be 
spent delightfully at such favourite spots as the 
tourist may select, all being of enchanting 
beauty. 

Travel and Expenses. The cost of tour- 
ing in Norway averages £1 a day. The fare from 
Hull to Bergen is : First class, single, £4 10s. 0d., 
return £7 ; second class, single, £3 ; return, 
£4 10s. Od. This is by the Wilson Line. The 
fare is somewhat less by the Bergenske Line 
from Newcastle. 

Most of the travelling in the interior of Nor- 
way is by means of the two curious national 
vehicles. One of these is the pretty little 
carriole. The tourist himself drives, for there 
is only room for him on the seat of this enlarged 
kind of perambulator. Behind his seat, on a 
board, his luggage is strapped, and his box or 
portmanteau serves as a seat for the “ skydsgut,” 
or boy who accompanies him, though the com- 
panion is sometimes a “ pige,” or girl. This 
attendant is necessary in order to take back 
the vehicle after the change at the next posting 
station on the route. The whole traffic is 
organised by the Government, and the tariff 
is rigidly fixed. The other kind of vehicle is 
the “ stolkjaere,” a kind of two-wheeled dog- 
cart accommodating two passengers and the 
driver. For riding through Norway the best 
receptacle for luggage is a strong portmanteau, 
which should not exceed 34 in. in length, 16 in. 
in width, and 15 in. in height. 

Boofta. The literature of Norwegian travel 
is to be studied with great advantage before going 
on a trip to this lovely land in the north. 
Among the books which should not be neglected 
are : Du Chaillu’s great work in two volumes, 

“ The Land of the Midnight Sun ; ” Lovett’s 
“ Pictures in Norway ; ” Wood’B “ Round 
about Norway ; ” Olivia M. Stone’s “ Norway 
in June ; ” Bradshaw’s “ Fjords and Fjelds ; ” 
and Lady Diana Bcauclerk’s “ Summer and 
Winter in Norway.” 
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IMPORTANCE OF DETAIL IN DRESSMAKING dress 

Full Skirts. Cutting on the Cross, Crossway Strips. Flounces. 6 

Stripes and Checks. Strappings. Velvet and Velveteen 


By AZELINE LEWIS 
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A Sun -Ray Skirt* Though sun-ray 
skirts can now be bought ready-made for very 
little, it may be useful to know how to prepare 
one for pleating, and the next diagram [69] 
reveals the mystery. 

For this skirt two widths 
of 48-in. material are re- 
quired, as with narrower 
goods it will not be pos- 
sible to cut it with only 
two seams, and even with 
this width it will only 
just cut it in this way for 
a 40 or 41 in. front measure. 

With a seam back and 
front, for a tall person, the 
material would need to be 
f>4 in. wide. The diagram 
shows how to cut the 
material, but the circle for 
the waist must on no 
account be touched till 
the skirt is pleated, which 
can be done at various 
places in London, and at 
many machine depots elsewhere. 

The hem may be done before or after pleating ; 
in the latter case the pleats will need pres dug 
together when the skirt is hemmed. When 
pleated and the foot part finished, Rlit up 
the opening at the waist only just sufficiently 
to allow the skirt to slip on oadly, and 
arrange it on the wearer or a stand. Care 
mu«t be taken not to make any rash cuts at 
the waiBt, in case it may require dropping 
or raising at back or front. Pin it to the 
waist band ; and sew on carefully when the 
skirt is removed ; then hem up and 
neaten the opening. If narrow 
goods be used, join the various 
widths, till the whole is wide enough 
for the circle to be cut as shown, 
and remember to always snip the 
selvedges. 5} to yards, of 48-in. 
material are required for this skirt. 

The Newest Skirts, The next 
sketch [70] shows one of the new full 
skirts with a panel front and 
wide side gores, the foot part 
edged with a band or shaped 
tuck of velvet cut to the same 
shape as this, and headed 
with silk passementerie. 

The method of cutting out 
from 48-in. material is shown in diagram 71, the 
row of double broken lines indicating the 
direction to be taken if a trained skirt is 
desired. The quantity of material in either 



case is the same— that is, 4 to 4.V yards. This 
skirt is also unfilled, the foot part being faced 
with lining cut to shape. 

Li a gram 72 shows another five-gored shape 
for the full skirt gathered 
at tho waist. This is 
better suited to plain or 
thin materials than to 
checked or plaid goods ; 
for these the circular form 
is best, as it allows the 
material to hang natur- 
ally, and there are no 
bias edges of the Reams 
to interfere with tho pat- 
tern. By increasing the 
slope of the gores, this 
shape can be made any 
width desired ; in the 
diagram it measures 
yards at tho foot part. 

-» A boll -skirt, or jupo- 
cloche, is shown in the 
next diagram 1 73], and 
sun-kay skirt tliis, as will be easily seen, 

is but a modification of that shown in No. 71, 
the cutting out of which would be carried 
out on the same lines. Floated and yoke 
skirts are d'alt with in Tur/miNn. 

When cutting out a skirt, l>e 
careful not to slope off tho corner 
of tho ivaut-curve at back, as this 
may completely upset the fit and 
“ bang,” and, if pulled up to the 
right length, will probably make it 
drag or wrinkle across tho front. 
Cutting on the Cross. 
Material which lias to be cut on 
the cross plays such an import- 
ant part in dressmaking that it 
will be well for the student to 
i\ pay particular attention to this 
\) paragraph. 

Take tho material, fold over 
one corner till it exactly meets 
the selvedge and forms a point 
in the opposite comer, as in 
the example marked A in dia- 
gram 74. Mark oft on each 
selvedge the width of the strip 
desired, fold or rule across 
carefully to each mark, and 
cut out, u r ing up the corner 
THE FULL SKIRT piece s. Velvet or velveteen 

will need careful handling in order to avoid 
crushing the pile. 

In the S330.id example shown in 74, marked B, 
we have th3 method of cutting on the cross when 
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the material is of a twilled make 
like serge, frieze, corduroy, crape, 
etc., as it will make the greatest 
difference both in the look and 
set of the fold if it is cut the 
wrong way — i.e., with the twill 
parallel with the cross way edge. 

Remember that the material 
must always be opened out to its 
full width when cutting on the 
cross, or, in the case of double- 
width goods, it would give V- 
shaped strips. Any comer or odd 
pieces left from cut- 
ting out the garment 
can and should be 
utilised, as there ought 
not to be any waste; 
but these must be cut on \ 

the true cross and the 
right way of the material, 
or they will show very 
plainly and spoil the appearance 
of the fold. 

In the case of plaid goods, be 
careful to match the check or 
pattern. When all the pieces 
are cut out, join them evenly, 
using up the shorter strips 
among the longer ones, so as to 
avoid having too many seams 
together. Snip the selvedges, 
or cut them off before joining, 
then open and press the Beams. 

Crotsway Strips. Cross- 
way strips are required for a 
great variety of purposes — for 
binding, piping, narrow strap- 
pings, folds (either stitched or 
slip-stitched to the edges of 
revers, etc.), narrow ones for 
fancy yokes for faggot-stitching, 
also those used as an edging for 
crape folds; whilst just now 
there is a revival of the 
hand-made ornamenta- 
tions of the Victorian era, 
both in velvet and silk, 
as well as “ rouleaux, ” 
or rolls done over wad- 
ding, narrow quiltings, 
reversed pleatings, etc. 

When cutting out 
orossway strips, allow 
good turnings, as it is 
not easy to get a per- 
fectly even edge without, and the 
fold will set much better if these 
are fairly deep. A orossway strip 
has an unhappy knack of twist- 
ing ; to obviate this, it is well, 
when making up, to fold along 
a good way to see that it is 
right before tacking or sewing. 

Flounce*. Narrow gathered 
frills and flounces are usually of 
orossway material, finished off at 
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CUTTINn OUT THE FULL 
SKIRT 



FIVE-OORED FULL SKIRT 



BELL SKIRT 


one edge with a stitched or roll 
hem, the latter being very effec- 
tive for thin materials; as it 
keeps the edge well out. 

The upper one may be turned 
in about j! in. and gathered close 
to the fold, or over a cord, or 
the top may be turned in an 
inch or so, and gathered about 
\ in. below this to form a head- 
ing. The depth of this, how- 
ever, depends on the width of 
the flounce, and a heading is 
usually only put to the top one 
if there are several. If there is 
a space between, each frill may 
have a heading, but if not, each 
one should overlap the other 
about \ in. 

For very thin goods like muslin, 
it is advisable to put on the frills 
with a cording, as it prevents 
the foot part getting limp and 
clinging. 

To make and put on Frills. 

Join the separate pieces into a 
circle — see that all are 
on the same side and 
> jj are not twisted — press 
// the seams open, hem 
,//' the lower edge, divide 
" and mark the halves, 
quarters, and also eighths, 
turn in the upper edge and 
gather, using one thread for eaoh 
division. Mark the lower part 
of skirt to correspond, place 
the edge away from you, and 
begin with the bottom frill. 
Pin one division to a correspond- 
ing one of skirt, pin, draw up 
the gathers to fit the division, 
secure the gathering thread 
round the pin — point down- 
wards — regulate them evenly, 
pin or tack in place, and 
proceed in the same 
way for eaoh division. 
Remember not to put a 
join in the centre-front, 
and to keep the bottom 
frill even with the skirt 
edge. 

When the half, or 
whole, of the frill is 
arranged in position, sew 
to the skirt and fasten 
off the gathering threads firmly 
on the wrong side. Proceed witn 
the other frills in the same way. 
Crossway flounces are a little 
more troublesome than pleated 
ones, but are more advantageous, 
as they take less material. 

To put on pleated flounce*, 
the same method oan be followed, 
except that it may not be neces- 
sary to divide either skirt or 



flounce into eighths. To find the quantity re- 
quired, pleat up enough for a quarter of the 
skirt, measure and calculate from this. The 
quantities usually allowed have already been 
given. The joins must always come under a 
pleat, and the seam arranged to go in the 
centre-back, or in the least conspicuous position 
possible. 

Stripes and Checks. An important, 
and sometimes very troublesome, part of dress- 
making is in matching stripes and checks, 
particularly if the pattern l>e a 
large one. It is important, 
l>ecause tho same material may 
be made up into cither an ex- 
tremely smart gown or the re- 
verse, according to the arrange- 
ment of the plaid or stripes and 5 
the way it is cut, though the S 
effort to produce the former may 
cause the cutter not a little 

tribulation of spirit in getting 
the design to match. 

Plaids and checks are generally 
more effective if made up on the 
cross, certainly as far as the 
bodice is concerned, and very 

often this applies to tho skirt 

also. For the latter, the two- 

piece shape like that of the 
striped skirt [diagram 64] with the 
front seam on the cross, is per- 
haps the best ; but the three - 
gore variety is sometimes used 
with great success. This, how- 
ever, requires more material, as 
the side gores must match the 
fronts, and this may cut into a § 
good deal of stuff if the plaid is a 
large one. 

Diagram 75 shows how to 
place the various parts of a plain 
blouse on the cross ; If tucked or 
gathered, pieces will have to be 
joined on the lower comers, as 
the joins must come where they 
will not be seen. This diagram 
is merely intended to show how 
the centre -back and front should 
be arranged to come on the cross, 
and also how to match these in 
the centre-fronts. 

With respect to stripes and 
checks, a point to remember is 
that they should all be arranged 75. 
to slope towards the waist at 
back and front [diagram 37/], 
whilst for the skirt they should slope outwards 
from the waist to the nem. The slope, how- 
ever, should be a gentle and not an abrupt 
one, as the latter would have a broadening 
effect and the former quite the reverse. 

These rules also apply to the perpendicular 
arrangements of trimming on bodice and skirt, 
and should always be borne in mind when 
making or designing for stout figures. 

Be very careful to match the line of the checks 
in folds, orossway bands, or flounces, or any- 


thing of the kind used for trimmings, or there 
will be a succession of broken lines, which will 
much detract from the harmony of the gown. 
For the fronts of a bodice or coat also th' 
pattern must be very carefully matched. 

Strappings and Folds. Strappings may 
be cut on the cross (if for seams), and straight 
or moderately curved designs ; but where these 
arc of any definite shape or curve (as in the 
front foot part of the striped two-piece skirt) 
they must be cut to that shape, and to fit the 
garment they are to ornament. 

matter, however, is fully 
dealt with in Tailoring. 

The narrow shaped tucks which 
are often arranged on the foot 
8 part of a skirt in a group, one 
| overlapping the other, are cut 
g from the skirt-edge to get the 
right curve [diagram 76]. If the 
material be somewhat thick, 
these may be lined, the edges of 
material and lining being turned 
in to face, and machine-stitched. 
They are, however, usually un- 
lined, and have the edges turned 
up and Btitched. Be caroful 
neither to stretch the lower edge 
when turning up, nor tho upper 
one when putting on. 

Piping must always lie made of 
cross way material, and when sew- 
ing on, particularly if to go round 
a curved edge, the cording should 
only be held tightly enough to 
keep to the shape, and not 
s pucker the material. A pointed 
1 bodice looks best with the waist 
g part finished off with piping, but 
it requires much care ana practice 
to put this on well. The^point 
will require particular attention 
to keep it sharp, and when turn- 
ing over to cut away correctly^ 
the superfluous parts. 

When working round curves 
the raw edges of the piping 
should be snipped at the points 
between the rounded portions to 
allow it to set quite flat. 

Shaped l 1 louncea. The 
shaped, or godet, flounce is now 
used for ornamental purposes, or 
as a foundation for narrow frills 
for a trained or other skirt of 
thin material, to its great improve- 
ment in look and hang. 

For this we must turn to diagram 77. Measure 
the bottom of the skirt, then draw a line two- 
thirds of this (this allows something for fullipg 
on slightly ; it can be a little less if the material 
be rather thick), mark the centre, also the tape 
for the half-length of line just made, and pivot 
from this for the inner curve with chalk or 
pencil. 

Mark off from the half circle thus drawn the 
depth of flounce required, and draw the outer 
circle as shown in A of the diagram, the 
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OUT COOf 

TO CUT A BLOUSE ON THE 
CROSS 



DRKftS 



broken line 
i nd i eating 
how to alter 
if we wish to 
ni a k e it 
deeper at 
back and 
sides. A more 
circular ar- 
rangement is 
shown in B, 
suited to 
thin goods, 
when a full, 
frilly effect is 
required. C 


is also obtained from the same drafting by 


or cutting the velvet. To find the right way 
up of the velvet, let the worker hold it in 
front of her and look down it ; if a whitish 
sheen appears, reverse it and then cut. This 
is most important, as if cut the wrong way it 
will lose the rich, soft look which is its 
characteristic beauty. Remember, too, that 
each piece must be cut separately, and to face, 
as shown in diagram 27. 

To press velvet, velveteen, and other pile 
goods, fix the iron face upwards, or let it be 
held in this position, then take hold of the end 
of the seam and pass it lightly over the iron, 
which should not bo too hot. For long seame 
the better way is to secure one end, whilst the 
worker holds the other and passes the iron 
lightly along the portion to be ironed ; but on 


reducing the outer 
curve and making it 
less full. D shows 

the spiral frill, / 

sometimes used for 

capes or where re- A 

quired to go round | | g 

a shaped edge. E 3 ^ / fj 5 

and F are a collar * y ^ / jl 8 
and cuff, which arc / ^ / 

given as further ex- y & y^ y 
amples of the appli- y / 

cation of the circular 

, - V. / SEIVtOCE y S 

shape. w iy y y 

From these we 2 < / ^ 

think the worker g | / A' 

will see how to get ; // 

any other variation p y c 

she may be called ^ |S y^ A 

upon to make, re- | i y* 
membering that, *" \'y^ 

where fulness at the ur 

lower edge only is 74 . cu tting 

needqgl, it will be cut 

on the principle shown ; the greater the fulness 
at the lower part, the more complete must be 



CUTTING ON THE CROSS 


used for velvet work ; 
for basting. 


no account must 
velvet be pressed 
on a flat surface. 
Be very careful not 
to crush the pile, or 
to hold the seams 
« where the finger- 
| marks will show. 

S Velvet also re- 
quires great care in 
putting together, as 
the two edges, owing 
to the pile, are very 
liable to slip from 
each other out of 
position ; whilst the 
utmost care must be 
taken with pinning 
or tacking to make 
no marks that will 
show, and also to 
hold it lightly when 
working. Steel pins 
should always be 
and silk instead of cotton 


the circle, and vice versa. 

When cutting the upper part of skirt, 
allow for the depth of flounce, with an inch 
or two extra, as such skirts require to be 
cut fully an inch or two longer than a plain 
*®e. 

Velvet. Materials with a pile, like velvet 
and velveteen, require very careful manipula- 
tion both in cutting and making — firstly, in 
order to get the right way up of the material, 
and, secondly, because every tack and pin 
mark will show. 

The closely fitting style is usually adopted 
for these materials, either as a plain bodice 
and skirt> or a princess gown ; but either 
must be faultless in cut and fit, and should 
not be attempted by any but an experienced 
worker. The bodice and sleeve linings should 
t be absolutely jierfect as to fit before arranging 
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HOW THE BLOOD RECEIVES FOOD 

The Blood as an Agent of Nutrition. Digestible and Indiges- 
tible Foods. Effects of Starvation and Excess of Nutriment 


PHYSIOLOGY 
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By Dr. A. T. SCHOFIELD 


Assimilation of Food. Wo havo in 
detail traced the progress of the sandwich— our 
typical food — from the time it entered tho 
mouth as meat, salt, bread and fat, until it 
reached the heart by two channels — the meat 
as purified peptones, and the bread as a spocial 
form of sugar arriving by the inferior vena cava 
from the liver ; the salts dissolved in the mouth, 
and the fats from the lacteals of tho lymphatic 
system, divided into microscopic drops of oil, 
reaching the heart by the superior vena cava. 

Of the circulatory system which the food 
has now entered we shall speak in detail later. 
We only allude to it now as the vehicle 
by which our food is distributed round tho 
body to the various cells. We speak of assimi- 
lation now because it continues tho story of 
digestion to the end, but it will be even better 
understood if tho chapters on circulation are 
read first. Enough, however, will be explained 
to make the process intelligible without this. 

In the fat, the meat, and the bread, we have all 
the solid food the body requires, now converted 
into liquid and brought into the blood. But 
there is besides a liquid and a gaseous food. 
We will suppose, then, that besides the sand- 
wich being eaten, the thirst has been quenched 
by some appropriate fluid which has entered 
and sufficiently diluted tho blood, and likewise 
that the traveller has, during the eating and 
the drinking been breathing the fresh air. 
The oxygen he has thus received also enters 
the blood before it finally leaves the heart. 
Let us just look, then, at the blood stream 
. from a nutritive standpoint as it passes through 
the great artery, tho aorta, for distribution all 
over the body. 

The Blood as an Agent of Nutri- 
tion. Wo notice in tho first place that it is 
bright scarlet, owing to all the little discs or cor- 
puscles with which the stream is laden being 
now full of fresh oxygen on their way to the body. 
Tho fluid part of the blood, we know, is laden 
with peptones, sugar, oil, and water, so that wo 
see this curious anomaly, that the solids in tho 
food are conveyed in tho fluid of the blood, and 
the fluid or gaseous food is conveyed in tho 
solids of the blood to the tissues. As this very 
blood will have returned to the heart again in 
little more than a minute, the process of assimi- 
lation which we are about to describe takes 
place at lightning speed. 

Until the blood reaches the capillaries, which 
form an intricate network in every part of the 
flesh, not a single drop of nutriment passes out. 
The walls of tho arteries, three in number, are 
far too thick and strong to permit of this, but in 
the capillaries the conditions change in several 
3x 


ways. Though practically innumerable, they are 
so minute that sometimes they will only allow a 
single corpuscle to pass through at a time. In the 
blood-vessels the size is fairly fixed and constant, 
in tho capillaries it varies greatly ; sometimes 
those are closed altogether, sometimes they 
are stretched to four times their natural size. 
This sudden subdivision of the stream into 
hundreds of tiny channels brings the speed of 
the flow down from a foot a second to an inch 
a minute. 

The next point is that tho capillaries have 
only one thin wall composed of living cells, 
which often opens a little, and lets some of the 
blood out to tho hungry body cells that press 
round it on every side. 

The Blood and the Cells. Wo picture, 
then, tho blood, laden with nourishment, 
arriving freshly at the capillary every minute 
and then slowly passing along it. During its 
passage all the spare oxygen is taken out of tho 
corpuscles and passes across the thin walls into 
the cells, enabling them to breathe. The cells, 
on their part, return their carbonic acid gas 
into the liquid part of the blood, the result of tho 
interchange being that the colour of the blood is 
altered from a bright scarlet to a dull purple. 
Then tho liquid food is rapidly seized by the 
cells as it passes through the thin walls, and is 
replaced by their refuse, which partly passes 
into the blood in the capillary, and partly into 
the lymphatic channels that everywhere sur- 
round this blood-vessel. 

Tho blood, therefore, as it leaves the capil- 
laries and enters the veins on its way back to 
tho heart has lost all its food, and is of no use to 
the body, until it is returned to the heart to be 
replenished. 

The cells, supplied freely every minute with 
fresh food and air, are kept in heaithy life. This 
is as it should bo, but the reality is often very 
dilTcrent, as will be shown when we speak of 
starvation. Tho blood courses round, but 
empty of nourishment, or stored, it may l>e, 
with alcohol or drugs. If wc consider well tho 
state of tho cells, which are absolutely dependent 
for their very existence on what we choose to put 
into our blood, the eating of good and sufficient 
food will soon take tho form of a mpral obliga- 
tion. 

Cells in Revolt. Fortunately, if treated 
badly, the body cells havo means of making 
their wants known, and, if their messages are 
neglected, of retaliation. 

In the first place, if there is too little fluid 
in the blood, they produce a painful feeling 
at the back of the throat, which we call thirst. 

To relieve this it is necessary to introduce 
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more ftmd into the Mood. It does not matte 
whether *!*© fluid he Injected into a vein or sup- 
plied through the skin by wet sheets, the thirst 
. goes, just as much as if the fluid were drunk. 

If there is deficiency of air the message is sent 
to the lungs and stimulates them to action by 
a feeling of breathlessness. In anaemia, for 
instance, where there is a deficiency of these 
red corpuscles, there is a constant feeling of 
breathlessness. It is not the lungs, but the 
cells that cannot breathe. In the third place, 
if there is no food in the blood a sinking is felt 
at the “ pit of the stomach ” which we call 
hunger. 

If, then, these warnings are neglected, the 
cells soon cease to do their work well, and the 
whole body suffers The mind and brain get 
tired as well as the body, and it is well if worse 
symptoms do not supervene. 

Indigestible Foods. We have spoken so 
far of the sandwich as if it were all digested. 
Such, however, is not the case. 

The following table gives the digestibility 
°f proteids in meat, carbohydrates in Btarch, 
ana hydrocarbons in fat ; and from this table 
we shall see that our sandwich is by no means 
all assimilated. 




Both these w fw#:#&y mo re 

wasteful brown’ terf % bow 

much less vegetable' albuiaeti (nroteid) is 
digested than animal albumen. The subject 
may be presented from one more point of view 
in a table still simpler : 

Digestibility of. Animal an© Vegetable 
Food. 


ANIMAL. 

VEGETABLE. 

varieties of 

FOODSTUFFS. 

Di- 

gested. 

Not Di- 
gested. 

Di- 

gested. 

Not Di- 
gested. 

Per 

cent. 

90 

81*2 

97 

Per 

cent. 

10 

18*8 

3*0 

Per 

cent. 

75 

46‘6 

00 

Per 

cent. 

25 

63*4 

10 

Percent, total solids, 
proteids. 

„ carbohydrates 

and hydro- 
carbons. 


This table shows that in meats 10 per cent, of 
the solids are not digested ; in vegetables 25 
per cent. ; that in meat above one-sixth of 
proteids is undigested ; in vegetables more 
than one-half ; that in meats 3 per cent, of tho 
fats, etc., are undigested ; in vegetables 10 per 
cent. These figures need occasion no surprise 
when we reflect that the meat comes from animals 


EXAMPLES OF THE DIGESTIBILITY OF VARIOUS FORMS OF FOOD 

DIGESTIBILITY OK PROTEIDS IN 

DIGESTIBILITY OF CARBOHYDRATES IN 

DIGESTIBILITY OF HYDROCARBONS IN 

Meat Nearly all 

Fish 

Milk 9G Per cent. 

White broad . . 90 „ 

I Indian meal . . 80 „ 

1 Brown bread . . 87 „ 

| Peas 86 „ 

I Pofcutoes . . . . 84 „ 

Sugar All 

White bread . . 99 Per cent. 

Indian meal . . 97 „ 

Peas 96 „ 

Brown broad . . 94 „ 

Potatoes .. .. 02 „ 

Butter . . . . 08 Per cent. 

Margarine.. .. 96 „ 

Milk 96 „ 

Fat bacon. ... 93 „ 

Fat meat . . . . 66 „ 


From this point of view potatoes and fat 
meat are the most wasteful foods. 

Let us look at the matter from another 
standpoint, for it is one which is little 
understood or written about, and concerning 
which reliable information is not always easy, 
to obtain. 

We have given the percentage of foodstuffs 
absorbed in different articles of diet. The 
following table, based on other experimental 
data, gives the amounts of food unabsorbed 
from certain articles of diet, and passed out of 
the body : 


UNABSORBED FOOD- 
STUFFS IN 

PROTEIDS. 

CARBO- 

HYDRATES. 

HYDRO- 

CARBONS. 

Animal food : 

Per cent 

Per cent 

Per cent. 

Milk 

7 

5 


Fats 

_ 

127 



Meat . . 

2*6 



Vegetable foods : 
Maize 

15’5 

17*5 

8’2 

Peas 

27-8 


7\> 

White bread . . 

18’18 

-67 

1*2 

Brown bread . . 

30*0 


7*4 

Black bread 

32‘0 

__ 

10*9 

Rice 

20-4 

7*1 

*9 

Potatoes 

32'2 

37 

7*6 
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that, feeding on vegetables, have already 
themselves rejected what cannot be turned into 
flesh. Our loss in meat foods, therefore, must 
be less than in vegetables, where we have to do 
all the sorting ourselves. 

In our examination of the undigested materials 
in various articles of food (the last we shall refer 
to), it was found that of meat, eggs, bread, rice, 
macaroni, the excreta contained about 5 per 
cent, of tho amount taken; of milk, peas, and 
potatoes nearly 10 per cent. ; of black bread, 
15 per cent. These different results do not 
exactly agree, but altogether they are of con- 
siderable practical value, as has been pointed out. 

Starvation. Turning now to deficiency of 
food, in starvation we get loss of weight, loss of 
heat, various symptoms, and death. Death, as 
a rule, occurs in animals when the body has lost 
two- fifths of its weight. 

The fat disappears very soon, that in the orbit 
being used up first. The blood loses in water 
three-fourths of its weight ; the pancreas and 
liver more than half, the muscles and stomach 
about two-fifths (40 per cent.), the skin and 
kidneys one-third, the bones about one-sixth ; 
while the nervous Bystem remains almost un- 
changed in weight, losing only 2 per cent. 
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arsis 

degrees, and then i 

fat stores are exhiinfed) falls rapidly down to 
about 90° 0: at death* In starvation death 
occurs rather from the loss of heat than from the 
loss of nutrition. This is easily understood when 
we remember that' nine-tenths of our 3 '400 
foot-tons of daily food force are used to produce 
heat. Hence artificial heat will delay death 
for some time. 

The principal symptoms of starvation are 
hunger, thirst, pain, sleeplessness, weakness, 
and delirium or stupor. 

Death generally occurs in a little over a week 
after the stoppage of all foods, liquid and solid. 
There is no case known where life has been 
prolonged for weeks after such stoppage. As 
wo have lately seen in England, however, only 
a very small quantity of food and water are 
required to prolong life considerably. 


Excess of Food. Excess of food in the 
infant is got rid of generally by vomiting ; in 
the adult more generally by the bowels. Before 
this riddance takes place, however, as much as 
possible has been digested and absorbed ; and 
the surplus only that cannot be dealt with is 
thus ejected. The amount absorbed may, 
howover, be greatly in excess of the needs of 
the body, or even of its storage power. We will 
see how each variety is dealt with. 


Minerals. Excess in salts is not often now 
met with, though formerly it used to be very 
common on long sea voyages. Where it occurs, 
intense thirst and skin eruptions of every sort 
— scurvy, etc. — are the results. 

Excess of Fluid is easily carried off by the 
kidneys up to a certain extent, but if continued 
it dilutes the blood, impoverishes the tissues, 
and weakens the digestive organs. 

Excess of Alcohol at first paralyses various 
parts of the nervous system, and by irritation 
of the tissues afterwards causes great overgrowth 
of the connective tissues, leading to many serious 
diseases. 


Excess of Proteids. The term “ luxus con- 
sumption,” used in various senses in different 
text-books, is by some intended to moan the 
direct combination in the lblood of an excess of 
proteids beyond what are needed for building up 
the tissues ; but the term is not of much use, since 
to a certain extent this combination always takes 
place. As an excess of nitrogenous diet is very 


common amongst all who can afford it, it be- 
comes a question of great importance how it is 
disposed of. If very excessive, part may not 
be digested at all, and be excreted directly. 

That which is peptonised, if in exoess, may be 
still further changed by the pancreatic juice 
into leucin and tyrosin, which may pass out as 
urea by the kidne } ys. Much that is not so 
changed becomes uric acid f and lays the founda- 
tion for gout, gravel, and stone. That which can 
be used is stored in the blood as serum albumen, 
and some perhaps in the spleen. 

Excess of Carbohydrates. These are stored 
in the liver as glycogen, and the exoess is also 
largely stored in the tissues as fat. Excess can 
be got rid of by the kidneys as sugar. Great 
dyspepsia results from excess of carbohydrates. 

Excess of Fat. This is stored to almost any 
extent in the tissues, and eventually in the 
muscles and various organs, causing after a time 
great degeneration of the tissues, and of such 
organs as the heart. It must not be supposed, 
however, that the body fat is derived solely from 
fat food. On the contrary, it was found in 
fattening a pig that 472 units of fat were stored 
for every 100 units of fat given. Fat is largely 
formed from carbohydrates and also from 
proteids. 

Effects of Deficiency or Excess. 

Speaking of the general effects of malnutrition 
and excessive food, it might be said that, on the 
whole, both are well homo if the organs are 
sound and the general habits hygienic and 
regular. There are men and women, two and 
three stones under their weight, leading active 
and healthy lives, though, of course, at con- 
siderable risk. On the other hand, there are men 
and women three and four stones over their 
proper weights who complain of nothing. 

It is perhaps in adolescence that those irregu- 
larities have their worst effects. If a boy or girl 
is a stone under his or her weight, and is growing 
rapidly, any hard study is sure to be fraught with 
ba!d consequences. Of all this we shall speak in 
detail in the Health section. [See Health.] 

We now leave the subject of digestion and 
food, as far as its physiology is concerned, with 
the hope that a careful perusal of these three 
chapters has left a clear impression, and that the 
whole digestive process can be seen as in a map. 
Fig. 38 should especially be studied until the 
general course of the food is thoroughly under- 
stood. 


Continued 
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ART SCHOOLS AND OIL PAINTING 

Training. The Great Schools. South Kensington. The Royal 
Academy. The Paris System. The Best Colours. Colours to be Avoided 


By P. G. KONODY and HALDANE MACFALL 


now oome to the very serious question of 
where the student may get the best artistic 
training. Theories as to training are so hotly 
opposed to each other that it is perhaps as 
well to say a word upon the subject, and then 
to guide him to some of the best schools. 

The Two Schools. At the start the 
student will bo assailed by the claims of tho 
two extreme schools. Tbero is tho school that 
would have the studont create the masterpiece 
at once, learning drawing — the grammar of art — 
in the doing. On the other hand is the school 
that deliberately crushes out all personal state- 
ment and inclination in the student, until his 
hand has become the slave of academic pre- 
cision, the slave of rule and precedent. Now, the 
free school, whilst it has turned out men 
such as Manet and Delacroix and Millet, moro 
often turns out a stumbling mediocre artist 
who is never master of his tools, who speaks his 
art haltinglv. At the same time, the academic 
school, whilst it turns out men of great skill, 
like Bouguorcau and Lefebvre and Cahanal — 
men of great precision — rarely produces a genius ,* 
they are learned men in the arts, masters of 
craft, without any powers beyond craftsman- 
ship. 

Tho student is wisest who strikes tho middle 
oourse. He must master the craftsmanship of his 
art, for until he is its master it will bo forever 
mastering him ; but let him look to it always as 
only the means to an end, nover let him mistake 
it for the end in itself. 

Let us take a poet. Tho boy camiot burst into 
the great statement of poetry ; if he would 
write poetry in verso, or the still more profound 
and subtle stylo of prose, he must first master 
his grammar — the rhythm of verse and tho law 
of rhyme. What will it avail him to have ideas 
and imagination and fancy if he know not bow 
to utter them ? 

If the studont cannot draw a foot or a head 
with a piece of charcoal, if he cannot deftly 
paint a bottle and a sliced lemon, how is he 
to portray all the subtle beauties of the 
human figure ? His imagination may teem with a 
sense of the emotions of life, but who will find it 
in halting colour and inoloquent line ? How 
shall a musician utter music if he is not sure of 
his notes ? It is the first and vital business of 
an artist to be able to draw with facility. In 
whioh schools may he best learn his trade ? 

Training in England. England labours 
under one grave disadvantage in relation to 
art education in comparison with France ; she 
has nothing like the same enthusiasm amongst 
the men who have attainod fame. There is, 
of oourse, a great waste of artistio enthusiasm 


and effort in Paris, but that is at least better 
than indifference. 

The French schools teach from the plostor cast 
as long as it helps towards the drawing and 
painting from the life; the English schools make 
the antique almost an end in itself. Tho French 
student is aching to express something; the 
English student thinks that whon he is through 
tho schools the ideas will come to him just as 
patients come to the qualified doctor. From 
tho French students’ point of view, nothing 
matters in heaven or on earth except art. 

The Grammar of Art. A man is safer 
in learning the grammar of his art in his own 
country, for ho learns to speak his own tongue. 
Tlie actual teaching is finest perhaps in Paris, 
but the danger of falling into ridiculous man- 
nerisms is far greater. If tho student, then, 
would learn his craftsmanship in England — 
mark you, his craftsmanship, for no man may 
learn to create works of art in any school — he 
has an excellent and marvellously cheap school 
in every important town throughout the king- 
dom, in connection with the great Government 
Art School at South Kensington. The schooling 
is very good. Ho may learn, then, the art of 
the designer, of the painter, or the sculptor. He 
will, if employed by day, l>e able to attend night 
classes. He will, above all, have the inestimable 
advantage at these schools of being in constant 
touch with the great fact that the craft of art is 
not confined to the painting of the easel picture, 
but extends to a hundred industries: in other 
words, that there is an immense and a most 
profitable field open to craftsmanship and 
artistio invention. And he will be constantly 
reminded that Holbein and Michael Angelo, 
Raphael, and Diirer and Leonardo da Vinci put 
as much delight into the decoration of a cabinet 
or a wall as into a picture or a statue. 

The Great Art Schools. From his 
studentship at the South Kensington sohools, 
he should emerge facile in his drawing and well 
fitted to proceed to the painting from the model, 
draped or undraped, either in tlioso or, better 
still, in the Royal Academy schools. He is thus 
saved the tedious preliminary training from 
tho antique, which should be mastered before- 
hand, and so free to give all his strength to his 
schooling in paint at the great centre, where his 
pupilage givos him special privileges when he 
comes to exhibiting his creative work. 

If the Royal Academy schools are difficult 
of access to him, or if the South Kensington 
schools gall him with an overdose of technique, 
he still has excellent schools in London, where a 
more enthusiastic and keener art atmosphere 
prevails, such as the Slade, or the private art 
sohools under the direction of well-known artists. 


Indeed, it is at this stage — when, having 
mastered facility in drawing, hejjroceeds eagerly 
to painting — that his enthusiasm requires the 
encouragement of keen fellow-students and the 
counsel of his masters. But it is precisely at this 
very stage that the English academic schools are 
inclined to chill him ; it is precisely at this stage 
that the Paris system urges him forward. The 
question, therefore, now becomes of vast signifi- 
cance, whether he shall goto Paris or to London. 


Am 

the antique that took months to do — the bane 
and curse of the English schools — has gone out 
of fashion ; but there is still far too much time 
spent upon these elaborations, and the student 
would do well to draw frequent casts instead of 
spending too much time upon a few. However, 
the student, if he have the will, may soon push 
on through the antique to the painting schools 
of the Royal Academy, wdiere he will work in 
the company of students from amongst whom 
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Royal Academy Schools. These schools 
are visited in rotation by Academicians— in 
theory by each, but in practice as often as not by 
the less important men. The system has the 
advantage of preventing staleness of teaching ; 
it also has the disadvantage that the students 
never get the enthusiastic attitude of pupilage 
towards their ehosen master that they have in 
Paris. The training at the Royal Academy 
schools is absolutely free, whilst its prizes are 
generous and its scholarships handsome. 

The highly stippled and finished drawing from 


will be elected most of the futuro Associates and 
Academicians, and from his fellow-students he 
will learn more than from his masters. 

It is a serious question whether he will not get 
as good schooling at the Slade or at the studios 
of well-known artists. But, in any case, even 
should he so decide, he will find the fees reason- 
able — indeed, the art student is not often a 
well-to-do person. Certainly he will find outside 
the Academy a keener feeling for and sympathy 
with the art of his day than in the drowsier shades 
of the Academy schools. Their very existence is 
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a protest against hidebound convention in 
training. They have no precedent*, of long- 
established years to live up to ; they have 
no prestige of academic culture to mamtam , 
they do not reverence age or the past because 
these things are of the dead, but solely glorify the 
splendour of good work. They go for the breadth 
of things rather than for their detail. And Whdrt 
they realise that facility in craftsmanship, makes 
for style, they do not allow this to be mistaken 
for slovenliness or inaccuracy. 

The Danger* of Training in Foreign 
School*. Now a warning note before we 
go to Paris. Art in a nation must come from 
within ; it cannot be imported, like merchandise, 
from without. Rome under the Caesars, like 
Paris under Napoleon, had foreign art treasures 
poured into the city, but it created no artistic 
revival amongst the people. The student who 
goes to Paris, or anywhere else abroad, can only 
learn to become a good workman ; he must not 
try to content himself with a triumph in the 
artistic maimer oi "France, ioT it is but uttering 
a foreign spcech-he can Wt become a trickster 
and a copyist. But schooling in workmanship 
he will got in Paris such as he cannot find else- 
where in the world. To begin his art training 
jn France is to make a mere French imitation of 
an artist. Nothing is easier to pick up than 
the tricks of a Degas or a Monet or a Corot. 
The danger lies in his trying to paint a smart 
picture for the exhibition rather than to achieve 
m emotional statement of life as he himself 
eee it. Let us put aside the dangers of the 
academies on the one side and of foreign tricks 
and fashions on the other, and imagine the 
student simply bent on acquiring mastery and 
facility in the use of Ins tools. 

He goes to Paris. He is at once in a new 
atmosphere — an atmosphere in which art 
seems to be a vital thing, a need of life. The 
studios are cheap. They are open to him if 
he but have the very small fees to pay his way 
and the energy to stick to his work. He sees • 
the masseur, or head student ; pays his fees ; 
and, with his easel and chair, enters the Btudio. 
He goes through the tomfooleries of initiation, 
finds friends amongst his countrymen, and a 
dozen good comrades amongst the French 
students to cheer him on. 

The Art Student in Paris. At 
Julian’s he pays about £1 a month for the 
half-day (8 to 12 o’clock), or 33s. a month for 
the full day (8 to 12 and 2 to 5 o’clock). At 
CarloroBsi’s he will find a cheap night school ; 
at Delaoluse’s an afternoon costume class. And 
a dozen other studios are available. If he prefer 
it, he can split his time between them. 

But, mark this, he will find the gay and 
debonair French student, who skylarks between 
his working hours, who plays the harmless fool 
on the boulevard and at the cafe in Hie evening, 
to be a grim and serious hard worker whilst the 
model Bits. He will find the French Btudent 
standing at the studio doors before they open in 
the early morning ; from the moment the model 
takes the pose the French student works with 
all his hand and heart and souL He work s in 
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no dutiful scholastic spirit, but with all his 
might, to master technique. And oven when 
he takes his leisure at the students’ caffe, 
or in his walks abroad, his whole aim and talk is 
art He oares little what Government is in, 
or what horse is likely to win the French Derby ; 
for him there is but one mighty interest in the 
universe, awl that is art The result is a tech- 
nical accomplishment that is a marvel There 
are loafers and idlers* but they stay outside 
the schools. 

And the whole atmosphere of the sohools is 
in keeping with this artistic eirthuidasin. At 
regular intervals there are trials of strength 
in skill between the students ; then the winners 
compete far the supreme piece and Hie privileges 
of the studio. TCie students have choice of 
place before the model as the result of these 
" conoours.” At every hand * is strenuous, 
wholesome, artistic rivalry. At eveiy turn is 
the word of praise or blame from, fellow- 
students. And the very summer holidays are 
spent in the country painting. 

The Luxembourg Galleries. -There 
is the superb collection of modem art in the 
Luxembourg Galleries to educate the student 
in the picked examples of modem masters. 
The studios are visited by the first artiste of 
France without thought or remuneration. Men 
of the rank of Sargent give a day or two days 
of their precious week to the youngsters. And 
however much their views on art vaiy, in craft 
they all say the same thing, teach the same 
lesson — “ Search out form and colour ; search 
and search and search.” 

The French student has good schools ; he 
has enthusiasm for art ; he lives in an atmo- 
sphere of enthusiasm. He has at his side not 
only the superb collection of old masters that has 
made the Louvre the talk of the world, but he 
has in the Luxembourg the splendid examples of 
the modems purchased by the State. Here you 
may see John Sargent or Whistler, or Watte 
or Manet, or Steinlen or Degas ; each at his 
best. The whole attitude of his masters is 
modem. He works in the spirit of his age. 

Art in Rome is dead — the once famous home 
of the art student is wholly gone ; its schools 
have passed to Paris. In Germany there are 
good schools, and cheap, especially in Munich 
and Diisseldorf, though few to rival Paris. 
There is nothing the student can learn in 
Germany that he cannot learn equally well or 
better in Paris, where he lives, moreover, in a 
far more artistic atmosphere. 

The Americans, in spite of their superb 
school, the Art Students’ League of New York, 
flock to Paris. The great system of the past, 
the apprenticeship of students to artiste, shows 
signs of revival in America, the most astute of 
all nations, and still holds everywhere in 
sculpture. 

PAINTING IN OILS 

The art student should always remember 
that to a painter the quality of his colours is 
of vital importance. Many colours used with 
perfect confidence a few years ago have turned 
out to be utter trash; indeed, in water-colour. 
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and 1 cwt. of nitrate of soda in the following 
spring. 

Oats. As with wheat, so with the oat 
( Avena ), there are many varieties, including the 
white , the black , and the dan. This plant is 
suitable for almost all 
soils, except those which 
are extreme in character. 
The average yield for Great 
Britain during the ten 
years ending 1903 was 39 
bushels, the English aver- 
age being 4 1 bushels. With 
improved varieties of seed, 
however, English growers 
have reached as many as 
13 quarters, or 104 bushels 
_ to the acre, and wo have 

seen on the Canadian 
lyk Government Station of 
^ Saskatchewan at Indian 
, Head a growing crop which 
subsequently reached 100 
bushels to the acre. The 
yield of oats depends S as 
much upon the suitability, 
quality, and vitality of 
the seed as upon the soil, 
the climate, and the 
method of cultivation. 
The quantity of straw pro- 
duced on the average farm 
varies from 27 to 35 cwt. 
per acre. The oat varies 
in weight as in quality and in the thickness of 
its skin. In the corn trade oats are generally 
sold weighing 38 lb. to the bushel, and if dry 
and hard, they are more often preferred as a 
food for horses to heavier Rumples, which so 
often possess thicker skins. The natural weight 
of the oat varies from 34 to 48 lb. per bushel ; 
indeed, we have seen a sample weighing less 
than the former figure. In an average sample 
there are from 700,000 to 800,000 grains to 
the bushel, the number varying according to 
the size of the grain. We once counted 48,5 
grains on a selected car grown by ourselves. If 
exceptionally fine-skinned and coarse -skinned 
samples are examined, their coats removed, and 
their kernels weighed — a sufficient number of 
grains being taken for the purpose — it will be 
found that the husk weighs from about 22 to 30 
per cent, of the whole grain. 



TARTARIAN OAT 
[Avena orientalis] 


Oats as Food for Horses. As a food for 
horses the oat is preferred to any other cereal, 
chiefly becauso it is naturally better balanced. 
The proportion of proteids, or nitrogenous con- 
stituents, to carbohydrates, chiefly starch, varies, 
sometimes largely in different samples. As a 
stock food the oat should not be used while 
new, and when given it should preferably be in 
a crushed condition. The oatmeal of commerce 
is produced from the kernel of the grain after 
the removal of the husk, and after artificially 
drying. The yield of meal varies from 65 to 60 
per cent., the proportion naturally depending 
upon the quality of the oat employed. The 
ground oats of Sussex, however, so largely used 


by poultry feeders, are the flour produced by 
grinding the whole grain between specially pre- 
pared stones. In sowing for a crop, the seed 
used varies from 3.V bushels in the early season 
with the drill to 5 bushels by hand in the late 
season, or in ill-prepared or unkind soils. 

Barley. Barley (Hard cum) is a bearded cereal 
largely grown in this country chiefly for malting. 
Its price varies greatly in accordance with its 
quality and its malt value ; hence fine barley is 
grown in some districts, whereas in others it is 
almost impossible to obtain a malting sample. 
Second-class barley is chiefly employed in ground 
condition for feeding stock. Barley may be two-, 
four-, or six-rowed, many of the principal 
varieties grown on the English farm, such as 
Chevalier, being two-rowed (//. diMichum). 
Eour-rovved barley, or Here , a grain of a rougher 
character, is grown in parts of Scotland and 
Ireland. 

Barley is commonly grown after swedes or 
turnips, or after certain forage crops, that 
have been eaten off light land by shoe]), which 
were simultaneously fed with rich foods, such 
as linseed and cotton cakes, grain, and hay. In 
this way the soil, often thin or of light texture, 
is enriched by the manure dropped by the flock, 
and a good crop of grain ensured. Barley is a 
shallow-rooted plant, hence its adaptability to 
chalky and other light soils. Tt may be manured , 
like oats and wheat, with the artificials which 
provide phosphates and nitrogen, but nitrate of 
soda must bo sparingly used, inasmuch as it 
may depreciate the quality of the grain. Manures 
are seldom necessary where barley is taken on 
land upon which sheep have been well fed 

Barley weighs 
roughly from 
48 to 55 lb. to 
the bushel, a 
heavy sample 
bushel contain- \ 
ing 550,000 to 
665,000 grains. 

The seed is 
sown in tho 
spring, often, 
where the 
sheep arc long 
on the land, as 
late as May, 
the quan- 
tity sown 
per acre 
varying 
from 2 
bushels 
with the 
drill to 4 
bushels when 
broadcasted. 

The average 
yield in Great 
Britain during ten 
years is 33*17 
bushels, the English 

average reaching 33 the common oat 
bushels, and the [Avona satlva] 
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Turner even tried tobaooo-juioe. The student 
may be certain that it is best to go to good 
colour-makers, for the less reputable dealers 
only adulterate their cheaper substitutes, and 
call them by the same name. 

Colours. The student should first of all be 
sure that his colours are good, and in the second 
plaoe he should remember that, even being good, 
the fewer he uses the less chemical action is 
likely to arise through their intermixture. 

Before setting the palette, let us see which are 
safe colours to use and which should be avoided. 
The most important pigment on the palette 
is white, for white is used throughout his paint- 
ing to lighten the tones. And though flake- 
white is whitelead, and acts disastrously on all 
vegetable colours, on the other hand, it has a 
binding and preservative effect on earth colours. 
Several substitutes have been tried, but flake- 
while remains supreme. 

Of the yellows, the pale lemon yellow (baryte 
yellow) is quite safe. The cadmium yellows (pale, 
middle, and orange) are good sound colours 
which have quite superseded the utterly bad 
chrome yellows . There is a very beautiful and 
luminous yellow called Auxedine (or cobalt 
yellow), which is permanent. The chromes are 
as bad in oils as was the gamboge of the old 
paint-boxes ia water-colours — a wretched colour 
that goes green and sickly, and, being of vegotable 
origin, is destroyed by the whitelead which is 
used throughout oil painting. Indian yellow is 
also not to be recommended. Yellow ochre is of 
vast value on the palette, and one of the most 
essential of colours. 

Essential Colours. Of the greens, apart 
from those made through an admixture of 
yellow and blue, two or three are very necessary. 
There are two beautiful and absolutely per- 
manent colours that should be on the palette — 
Viridian (the transparent oxide of chromium, 
which has an emerald hue), and the opaque 
oxide of chromium. Oil painters often use the 
old and useful terre verte, a permanent ochre. 
These three colours save the artist from many 
dangers in mixing yellows and blues. The 
chrome greens are vicious colours, and are not 
to be confused with the fine oxides of chromium. 
Indeed, all the other greens are best avoided. 

Of the blues, the very expensive and splendid 
ultramarine (or lapis lazuli) is well replaced 
by French ultramarine (or, as it is sometimes 
called, “ permanent blue ”), a permanent and 
very beautiful dark, vivid blue ; whilst cobalt , 
one of the safest and tenderest of blues, should 
be cm every palette. It is best to have no other 
blue, and especially to avoid the Prussian and 
Antwerp blues. 

If a purple be required, purple madder is the 
safest. 

Of the reds, we are safe in using the 
dull earth-reds — beautiful low-toned, ochrous 
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But, unfortunately, no mineral or earth rose- 
red is known. The best, and most nearly 
permanent, are the madders, rose madder ana 
madder carmine preferably — rich and beautiful 
colours. The crimson lakes of the old paint- 
boxes are as bad as they are beautiful. 

Scarlet is a necessary colour, but even the 
best, Chinese vermilion , is inclined to go black 
under certain conditions. The red-leads and 
orange reds are deadly pigments, bad in them- 
selves and destructive to others. 

Burnt sienna is a very fine passage from red 
to brown. 

Of the browns, raw and burnt umber are safe ; 
neither the Vandyke brown in oils, nor the sepia 
of water-colours, is wholly safe. But there is a 
warm brown — the Caledonian brown — that has 
a good reputation. Never, under any considera- 
tion, use the beautiful, glowing bitumen, or 
asphaltum, which spells ruin to a picture. 

Of the blacks all arc safe, ivory black being 
the usual one. 

Colours to be Avoided. Colours to be 
avoided in oils and in water-colours aro the 
following: the chrome yellows, Naples yellow, 
orpiment, the yellow pinks, brown pink, alizarine 
yellow ; verdigris green, emerald, sap, Hooker’s 
green ; Prussian blue, Antwerp blue, Royal 
blue, indigo, verdi ter ; the lakes, orange, ver- 
milion, dragon’s blood ; bitumen, asphaltum, 
Vandyke brown, sepia, Payne’s grey, and the 
like. It is bitumen, or asphaltum, that causes 
those great cracks and the utter destruction of 
so many old masters. 

Having settled upon the gamut of his 
palette, the student has to decide on the vehicle 
ne will use to thin his paint, and to make it 
flow when so required. Now, in choosing a 
vehicle, one requires something that will bind 
the paint so as to save it from contact with air 
and damp. The best medium is copal and 
Venetian turpentine. But the drawback to the 
use of a medium is that it yellows with time. 
Some artists use none, painting with solid paint. 
Some, like Whistler, only use turpentino and 
linseed-oil to thin the colour. Others use a 
vehicle like the copal medium sold by Newman, 
of Soho ; but there aro many upon the market, 
and in this matter the student must decide for 
himself. An excellent book, both on medium 
and colour, is Professor Church’s “ Chemistry 
of Paints and Paintings,” which no artist should 
be without. 

A word should perhaps be said before pro- 
ceeding to the painting. To get the colours off 
the palette and brushes at the end of the day’s 
work, it is best to clean the palette roughly 
with the palette-knife, and the necessary rag or 
“waste” dipped in turpentine will do the rest 
with ease. The brushes should be rough-cleaned 
on a piece of paper, thon dipped in turpentine 
and dried ; or, to get them cleaner still, wash 
the remaining matter with soap and warm water. 
Always dry them on a rag. 


colours — such as light red or Venetian red . 

Continued 
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THE PLANTS OF THE FARM 

6 

Grain Crops: Wheat, Oats, Barley, etc. Habits of Various 

Continual from png* 638 

Kinds of Grasses. Weeds that Destroy Crops. Seeding Tables 


By Professor JAMES LONG 


Wheat. In considering the plants of the 
farm wo may deal first with the cereals, or 
grain crop (natural order Oraminece). Wheat 
is a fibrous and deeply-rooted plant (genus 
Triticum ), especially suitable for cultivation 
on the heavier soils, although the best grain 
is produced on soilH of rich character, such 
as the alluvial. Winter wheat, which is 
chiefly grown in this country, is much longer 
in the ground than either barley or oats, 
the period of growth continuing from October, 



WHEAT 

1. Common wheat. 2. Turgid (cone) wheat. 3. Hard 
wheat. 4. Polish wheat. 6. Spelt wheat. 6. Starchy 
wheat. 7. One-rowed wheat. 

when early sowing is practicable, to the following 
July or August. Sowing may continue until 
Christmas, but while early sowing in rich soil 
may be followed in a mild winter by rapid 
growth and a winter 'proud plant, it is always 
advisable, owing both to the risk involved by 
delay and the ^greater difficulty in obtaining a 
good plant. In the farming rotation wheat 
usually follows a leguminous crop— clover, peas, 
or, on the heaviest soils, beans — owing to the 
fact that those plants secrete nitrogen, which they 
leave in the soil in their roots. Wheat is also 
grown upon soil whioh has been 
summer fallowed — i.e., the land 
having been well ploughed and 
cleaned and no crop taken. Wheat 
prefers a dry climate ; hence it is 
largely grown in those counties in 
which the rainfall is low. It 
thrives on the heavier soils, but 
on those whioh are wet fewer 
seeds germinate, the plants whioh . 
live are less robust, and the crop 
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takes longer to mature. The best temperature 
for germination is found to be 89° F., but the 
seed will sprout at as low as 42° F. 

Varieties of Wheat. Many varieties 
of wheat are grown in this country, but for our 
purpose they may be divided into red and white. 
One of the former, known as Rivetts , is a bearded 
wheat, and is frequently sown on the colder 
clays with advantage. The weight of wheat 
varies from 59 to 65 lb. per bushel. In practice 
merchants often buy by the quarter at 63 lb. 
per bushel, ignoring the natural weight, but 
there are many other customs, although they 
are chiefly local. A bushel actually weighing 
63 lb. contains about 700,000 grains. The 
average yield in Great Britain between 1894 and 
1903, was 30 95 bushels — practically the English 
average, as the wheat area in Wales and Scot- 
land is very small. The average yield of straw 
is about 32 cwt. per acre, the grain forming 
about one-third of the weight of the entire crop. 
On the average of 32 years, Sir John Lawes 
obtained on his most successful plot 36J bushels, 
weighing 59J lb. per bushel, together with 
4,530 lb. of straw per acre. The range on the 
various plots varied from 4| bushels in the 
worst to 63 bushels in the best season. 

The wheat grain is really the fruit of the 
plant, inasmuch as it is the ripened ovary of the 
wheat flower. When milled it produces about 
75 per cent, of flour, the balance, minus a small 
being chiefly bran, sharps, and pollard. In 
preparation for a crop it is customary to sow 
from 1 J to 3 bushels per acre. The old-fashioned 
plan of dibbling, or making holes in the ground 
with a hand tool and dropping in the seed, is 
the slowest and most costly, although it requires 
a minimum of seed. Broadcasting by hand 
involves the employment of a larger quantity of 
seed, while drilling with a machine takes a 
medium place, but is tho most simple, rapid, 
and economical. Less seed i» required for early 
sowing, and the most approved depth at which 
the seed should be deposited is 1 J inches. Unless 
wheat is sown in land which is in very good 
heart, or well manured with dung, it may be 
advantageously assisted with 3 cwt. of super- 
phosphate per acre, given at the time of sowing, 
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and 1 cwt. of nitrate of soda in the following 
spring. 

Oats. As with wheat, so with the oat 
( Avena ), there are many varieties, including the 
white , the black, and tho dun. This plant is 



suitable for almost all 
soils, except those which 
are extreme in character. 
The average yield for Great 
Britain during the ton 
years ending 1903 was 39 
bushels, the English aver- 
age being 41 bushels. With 
improved varieties of seed, 
however, English growers 
have reached as many as 
13 quarters, or 104 bushels 
to the acre, and we have 
seen on the Canadian 
Government Station of 
Saskatchewan at Indian 
Head a growing crop which 
subsequently reached 100 
bushels to the acre. The 
yield of oats depends as 
much upon the suitability, 
quality, and vitality of 
the seed as upon the soil. 


the climate, and the 


method of cultivation. 


The quantity of straw pro- 
dii cod on the average farm 

Tartarian oat varies from 27 to 35 cwt. 

[Aveua orientalist acre. The oat varies 

in weight as in quality and in the thickness of 
its skin. In tho com trade oats are generally 
sold weighing 38 lb. to the bushel, and if dry 
and hard, they are more often preferred as a 
food for horses to heavier samples, which so 
often possess thicker skins. The natural weight 
of the oat varies from 34 to 48 lb. per bushel ; 
indeed, we have scon a sample weighing less 
than the former figure. In an average sample 
there are from 700,000 to 800,000 grains to 
the bushel, the number varying according to 
the size of the grain. We once counted 485 
grains on a selected ear grown by ourselves. If 
exceptionally fine-skinned and coarse -skinned 
samples are examined, their coats removed, and 
their kernels weighed — a sufficient number of 
grains being taken for the purpose— it will be 
found that the husk weighs from about 22 to 30 
per cent, of the whole grain. 

Oats as Food for Horses. As a food for 
horses the oat is preferred to any other cereal, 
chiefly because it is naturally better balanced. 
The proportion of proteids, or nitrogenous con- 
stituents, to carbohydrates, chiefly starch, varies, 
sometimes largely in different samples. As a 
stock food the oat should not be used while 
new, and when given it should preferably be in 
a crushed condition. The oatmeal of commerce 
is produced from the kernel of the grain after 
the removal of the husk, and after artificially 
drying. The yield of meal varies from 55 to 60 
per ceht. t the proportion naturally depending 
upon the quality of the oat employed. The 
ground oats of Sussex, however, so largely used 


by poultry feeders, are the flour produced by 
grinding the whole grain between specially pre- 
pared stones. In sowing for a crop, the seed 
used varies from 3} bushels in the early season 
with the drill to 5 bushels by hand in the late 
season, or in ill-prepared or unkind soils. 

Barley. Barley ( Hordeum) is a bearded cereal 
largely grown in this country chiefly for malting. 
Its price varies greatly in accordance with its 
quality and its malt value ; hence fine barley is 
grown in some districts, whereas in others it is 
almost impossible to obtain a malting sample. 
Second-class barley is chiefly employed in ground 
condition for feeding stock. Barley may be two-, 
four-, or six-rowed, many of the principal 
varieties grown on the English farm, such as 
Chevalier, being two-rowed (//. didichum). 
Four-rowed barley, or Bere, a grain of a rougher 
character, is grown in parts of Scotland and 
Ireland. 

Barley is commonly grown after swedes or 
turnips, or after certain forage crops, that 
have been eaten of! light land by sheep, which 
were simultaneously fed with rich foods, such 
as linseed and cotton cakes, grain, and hay. In 
this way the soil, often thin or of light texture, 
is enriched by the manure dropped by tho flock, 
and a good crop of grain ensured. Barley is a 
shallow-rooted plant, hence its adaptability to 
chalky and other light soils. It may be manured, 
like oats and wdieat, with the artificials which 
provide phosphates and nitrogen, 
soda must bo sparingly used, inasmuch as it 
may depreciate the quality of the grain. Manures 
are seldom necessary where barley is taken on 
land upon which sheep have been well fed. 

Barley weighs 
roughly from 
48 to 55 lb. to 
tho bushel, a 
heavy sample 
bushel contain- 
ing 550,000 to 
665,000 grains. 

The seed is 
sown in the 
spring, often, 
where the 
sheep are long 
on the land, as 
late as May, 
the quan- 
tity sown 
per acre 
varying 
from 2 
bushels 
with the 
drill to 4 
bushels when 
broadcasted. 

The average 
vield in Great 
Britain during ten 
years is 33*17 
bushels, the English 

average reaching 33 the common oat 
bushels, and the [Avena sativa] 
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Scotch, on a much smaller area, 35} bushels. 
The grain weighs about half as much as the 
total crop, while the straw varies from 12 cwt. 
to 1 ton per acre. The most suitable tempera- 
ture for the germination of the grain is that 
which applies to wheat. The chief barley- 
growing counties, taking them in order, are 
Lincoln, Norfolk, Suffolk, the North Biding 
and the East Biding of Yorks, and Essex. 

A fine sample of barley should be plump, 
covered with a thin, wrinkled skin, the colour 
of which should be from very pale yellow to 
light gold colour. It should bo dry and sweet, 
and the ends of the grain finely pointed. 

Malt is barley which has been germinated on 
a malting floor after being soaked in water. 
A portion of the starch of the grain is converted 
into sugar in the process. The sprouts — i.e ., the 
radicle and the plumule, which have developed 
during germination, are removed as one of the 
operations of the maltster, and being sweet food, 
rich in albuminoids, are sold to stockfeeders, 
to whom they are known as malt coombs , or 
combs. 

Rye. Bye ( Secale ) is little grown in this 
country for seed, but 65,000 acres were cropped 
in the yoar 1904, the chief object being the 
production of green fodder for spring use. Rye 
is largely grown upon the Continent of Europe, 
especially in the Northern countries, as wheat 
is grown by us, for the production of bread. 
Rye resembles wheat more closely than either 
barley or oats ; it is heavier in weight than 
either of the last-named, while it is better 
adapted as a food for man. Its chief 
value to the farm is in the fact that it 
will grow with success upon poor soils, 
even those which are extremely sandy 
in character and at comparatively high 
altitudes. There is but one species 
(S. cereale ), and but few varieties. A 
crop of rye varies from 3 to 3} 
quarters, or 24 to 28 bushels, 
a bushel weighing about 
54 lb. and comprising about 
a million seeds. The quantity 
of straw produced, which is 
about one-third of the total weight of 
crop, varies from 1} to 2 tons per acre. 

In sowing rye, from 2 to 4 bushels of 
seed are used, the quantity depending upon 
whether the drill is employed or whether 
the seed is broadcasted by hand. Good seed 
should be clean, even, bright, and smell 
sweet; as in other cases it is important to 
notice whether it is the produce of a crop which 
has been heated in the stack, or which, having 
been subjected to frequent rain, has sprouted in 
the sheaf. Rye is occasionally grown in this 
country for the sake of the straw, which is the 
most valuable of any kind for thatching and other 
purposes where clean, straight, strong, and 
tough straw is needed. For a green, or catch, 
orop, rye is sown in the autumn, in September, 
or Ootober, and may be mown in the early 
spring, as it is one of the very earliest plants 
ready for the scythe, in time for turnips, cabbage, 
rape— -maize in the Southern counties — and 
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every other plant which can be sown alter the 
middle of May. 

The Pea. The pea (Pisum), like the cereals, 
is an annual, known as a pulse, and belongs to 
the natural order Leguminosce , the chief feeding 
constituent of which is legumin, a material 
resembling the casein of milk. The pod of 
the pea, as of other plants of this order, is known 
as a legume. Although there is but one species 
(P. sativum ), there are several varieties known to 
the farmer, these including field peas, which are 
grey, blue, and maple, or mottled, in colour, and 
garden peas, which are specially grown for the 
table. The pea is also grown for cutting green 
as a forage crop, especially in the United States. 
The largest crops are grown upon loams which 
are rich in lime, but the pea thrives on dry 
clays, sands, and gravels, where lime is present. 

On the average of ten years the pea crop of 
Great Britain has yielded 26} bushels per acre, 
slightly more in England, slightly less in Scotland, 
and considerably less in Wales, in both of which 
countries the area sown is small. A bushel of 
peas weighs from 63 to 651b., and contains 
nearly 100,000 seeds. The yield of straw, which 
is a valuable food for stock, reaches 1 } tons to the 
acre. Peas are now chiefly sown in the months 
of February and March at the rate of 2 to 5 
bushels to the acre, the smaller quantity with 
the drill, and the larger by hand. Table peas, 
which are frequently grown in the field, may be 
sown until the end of April. Good seed may be 
recognised by its clean, nard, and dry condition, 
and by its evenness in colour and size. 

The Bean. The field 
bean (Faba vulgaris arvensis), 
also a pulse, is largely grown 
in this country on the heaviest 
classes of soil and between two 
cereal, or white straw crops. 
It is also a cleaning crop, for, 
being sown in rows wide apart, 
the farmer is able to pass the 
horse hoe between, and thus 
to cut up the weeds. The 
average yield of beans cover- 
ing ton years is 28} bushels 
to the acre, the crop being 
chiefly grown in England. 
The bushel weighs from 63 to 
65 lb., and contains from 
38,000 to 42,000 seeds. ^he 
husk of the bean forms about 
one-seventh of its weight. The 
straw or haulm, which is useful as a food for stock, 
reaches from 1 } to 1 } tons to the acre. The seed is 
usually drilled at the rate of 2 to 2} bushels to the 
acre, but it is sometimes dibbled by hand, when 
still less is required, and occasionally broadcasted, 
when as many as 4 bushels are needed. More 
seed is needed in spring than in autumn. Seed 
sown in autumn is known as the winter bean, 
and is specially hardy and vigorous, the plant 
withstanding severe weather unless the soil is 
wet. 

Good seed is bright and uniformly light 
brown in colour, well formed, even in size, clean 
and sweet. Black seeds are objectionable* 
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THE GRASSES 

With the green fields, by which we mean our 
meadows and pastures, are largely associated 
buttercups and daisies, that remind us of the 
misplaced admiration of our youth. Like many 
other plants, however, these are but indications 
of poor soils and inferior herbage. The grass 
field should, as far as man can control it, pro- 
duce nothing but those among the cultivated 
grasses and plants of the clover family which are 
suitable to the soil and the climate. There are 
cultivated and uncultivated grasses, as there 
are weeds, which are practically indigenous to 
particular soils and to the districts in which 
they grow. The grasses proper belong to the 
natural .order Graminece. They are grown for 
the purpose of enabling cattle to feed by grazing, 
and for mowing for the production of hay. 

There is, however, a distinction between the 
pasture and the meadow. In the former, the 
plants cultivated should be in such variety, 
especially as far as their dates of maturity are 
concerned, that there is a constant succession 
of young herbage, from the early growing 
foxtail to the later growing fescues and 
timothy. Among the cultivated grasses are 
many which are of quite secondary character, 
or which are practically worthless, owing, 
among other reasons, to the small quantity of 
herbage which they produce, or to the fact that 
their feeding properties are small. Among 
these are Yorkshire Fog, darnel, poa annua, 
quaking grass, tussac grass, barley grass, and 
the bents. Some grasses, like many weeds 
which find their way into the meadow and the 
pasture, are almost as troublesome as couch, or 
twitch, which, although a grass proper and 
closely allied to the wheat plant, is one of the 
greatest opponents of the British farmer, and 
one which, like weeds and inferior grasses in 
general, occupies places in which the superior 
grasses should be growing. The following is a 
list of the grasses of the first rank, and we 
supplement them with a few of the best of 
those <yf the second rank tabulated below 

The chief secondary grasses are fiorin, red 
fescue, soft brome, Yorkshire Fog, schaders 
brome, and floating sweet grass. 

The ear of a grass plant is known as the 
panicle, while the small ears of each panicle are 


termed spikdets, at the base of which are two 
small shell-like leaves, which are known as 
glumes , these enclosing the florets. At the base 
of each floret are two leaf -like structures known 
as the flowering glume and the palea. Some 
of the grasses, like Italian rye grass, are awned, 
the awn , or horn, rising from the back or tip of 
one of the flowering glumes. The stem of the 
grass is known as the culm. In some instances 
the stem is prostrate, and know as the stolon , 
travelling underground, and throwing up leaves 
on its way, as is the case with fiorin. 

Perennial Rye Grass. This is usually 
recognised when flowering by the flatness of the 
spikelets, which rise alternately on each side of 
the stem. It is one of the most common a9 
well as the best of all cultivated grasses, growing 
with great freedom and luxuriance in all rich, 
deep soils, especially those of the heavier class. 
It stools freely, throwing up leaves from its 
roots, and provides abundance of rich, close 
herbage, for which reason it is an admirable 
grass, whether for meadows or pastures. Rye 
grass is sold under various names, but all, 
Italian exceptod, are practically the same. It 
is useful for leys — temporary meadows or 
pastures intended to be left for more than 
one year. It is hardy, and should form part of 
all seed mixtures on medium to heavy land. 

Italian Rye Grass. This is an early annual 
and a vigorous grower, responding liberally to 
liquid manure and irrigation. It is an excellent 
forage grass for green consumption or hay, and 
we have known it cut, especially in Scotland, 
several times in a season after liquid manuring. 
It makes good silage, produces 30 to 40 cwt. of 
hay at one cut, or 20 bushels of seed where seed 
is taken ; but, being a coarse feeder, it needs 
well manuring. 

Meadow Foxtail. This is a stolonifer- 
ous plant, with a handsome, soft-eared, tail- 
like head, of a greyish colour. It is one of the 
earliest grasses to grow, provides plenty of rich 
herbage, is hardy, and likes deep moist soils 
not actually wet. 

Cocksfoot. This is a big, coarse, bluish 
grass, sometimes described as orchard grass. It is 
deep rooted, grows in tufts, provides abundant 
herbage, and prefers moist soils. 


English Name. 

Botanical Name. 

Percentage 
of germin- 
ation. 

Weight 

per 

bushel 

No. of 
seedB 
in lb. 

No. of 
germina- 
ting seeds 
in lb. 

Cost of 
1,000,000 
germina- 
ting 
seeds. 





mm 




Perennial rye grass 

Lolimn perenne 


96 

e 9 

223.000 

214,080 

1 2 

Italian rye grass ' 

Lolium I tali cum 


98 


270.000 

264,600 

1 1 

Meadow foxtail 

Alopecurus pratensls 


90 

14 

490,000 

441,000 

2 10 

Cocksfoot 

I) act y 11 b glomerata .. 


95 

22 

426,000 

404,700 

2 4 

Timothy, or oatstail 

Phleum pratense 


96 

50 

1,820,000 

1,293,600 


Smooth-stalked meadow grass . . 

Poa pratensls 


97 

30 

1,860,000 

1,681,000 

7 

Bough-stalked meadow grass 

Poa trivlalis . . 


97 

30 

2,285,000 

2,167,950 

9 

Wood meadow grass 

Poa nemoralis 


88 

24 

2,325,000 

2,046,000 

10 

Sweet vernal grass 

Anthroxanthum odoratum 


80 

16 

738,000 

590,400 

5 11 

Golden oat grass 

Avena flavescens 


80 

14 

1,400,000 

1,120,000 

2 6 

Tall oat grass 

A vena elatior 


90 

16 

188,000 

124,200 

8 9 

Meadow fescue 

Festuca pratensls 


99 

80 

236,000 

233,640 

2 8 

Tall fescue 

Fostuca elatior 


96 

24 

246,000 

236,160 

6 10 

Fine-leaved sheep’s fescue 

Festuca ovina tenufolia 


85 

29 

1,561,000 

1,326,850 

1 0 

Hard fescue 

Festuca duriscula 


95 

24 

578.000 

649,100 1 

1 2 

Crested dogstail 

Cynosurus crlstatus . . 


98 

40 

886,000 

828,980 

1 10 
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Timothy, or Catstail Grass. The 

flower of timothy somewhat resembles that of 
foxtail, but is much greater in length, and 
is rougher. Timothy is a late flowering grass, 
quite hardy, bears greyish leaves, and grows 
well on clays. The best seed comes from 
Amerioa. When sown alone, although this is 
seldom advisable in England, 18 to 20 lb. a 
bushel are required per acre. 

Smooth-stalked Meadow Grass. This 
is somewhat shallow rooted, an early grower, and 
a good pasture grass, which thrives on dry soils. 

Rough-stalked Meadow Grass. This 
is also a good pasture grass, thriving best on 
rich, heavy soils. 

Wood Meadow Grass. This closely re- 
sembles the two last named, and, although 
useful, is but little employed in grass mixtures. 

Sweet Vernal Grass. Although early, 
and, therefore, useful in a pasture, this is of quite 
second-rate value, owing to the small quantity 
of the herbage it produces. It has, however, 
one important virtue — it imparts a sweet odour 
to the hay in which it is conspicuous. 

Golden Oat Grass. This handsome 
plant, with its bright yellow panicle, is well 
adapted to soils of medium character ; it 
grows with freedom, and provides abundance 
of excellent herbage, whether for pasture or for 
hay. 

Tall Oat Grass. This somewhat large 
plant we have often regarded as a weed when 
prevalent in hedgerows, and such it then is ; 
but when forming a part of a meadow it is of 
considerable value, owing to its vigour, its size, 
and its usefulness as a food. It prefers the 
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medium clays and loams, and is occasionally 
found in land under the plough with a^bulb 
above its root. 

Meadow Fescue* One df the most 
useful of cultivated grasses for meadows and 
pastures is meadow fescue. It does not thrive 
so well in a dry climate, preferring clays and 
moist soils in general. 

Tall Fescue. This is a robust plant of 
large size, but somewhat closely resembles 
meadow fescue in its general character. 

Sheep’s Fescue. Better adapted for 
downs and other sheep pastures is sheep’s 
fescue. Its herbage is flne and rich, though 
not abundant in quantity. 

Hard Fescue. This somewhat resembles 
sheep’s fescue, is useful in a mixture, and 
valuable for sowing in the drier soils. 

Red Fescue. This is a vigorous grower, 
resembling the two last-named grasses ; it is 
useful for pastoral purposes, but of little value 
for hay. It grows well in second-class soils. 

Fine and various Leaved Fescues. 

These may be classed with the other varieties, 
assisting to form useful herbage. 

Crested Dogstail. This is a wiry, 
deep-rooted grass, not one of the best, but 
useful on a sheep pasture, and especially on dry 
and chalky soils. It is common, however, to 
find the car untouched by stock when autumn 
arrives. 

Fiorin, or Creeping Bent. Owing to 
its prostrate stem and underground growth, 
this grass soon covers a large space of ground, 
where the soil suits its habit. It prefers damp 
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Dr. Stebler’s Calculation of Seed 
Mixtures. 

— j 

| 

To 

consist 

of 

1 

Addition 
to pure 
sowing. 

Weight at each kind of teed fa the 
mixture per acre. 

^ure and ' 

germinating Commercial Med. 
seed. 

Red clover 

Alsike 

Italian rye 

False oat grass 

Timothy 

Per cent. 

40 

30 

10 

10 

10 

j 

I 

Per cent 

16 

10 

10 

10 

10 

lb. 

7 

3 

8 

Per cent 

8 lb. containing 88 

4 „ „ 73 

5 „ „ 67 

7 „ „ 49 

3 „ „ 87 

19* 


SEEDS FOR PERMANENT PASTURE. 
Medium Soils (lb. per acre). 


Grasses. Ste- Sut- Me 

phens Launc. ton. Connell 


Timothy . . 

Meadow fescue 
Tall fescue 
Cocksfoot 
Dogstail . . 

Sweet vernal 
Foxtail . . 
Perennial ry< gras; 
White clover 
Cowgrass . . 

Alsike clover . 
Perennial red clove: 
Trefoil . . 

Italian rye grass 
Rough-stalked 
meadow grass 
Yellow oat grass 
Various leaved fescu 
Sheep’s fescue 
Hard fescue . . 

Red fescue 
Smooth-stalked 
meadow grass 
Wood meadow grasi 

Lucerne 

Fiorin 

Yarrow 


2 * 3 

3 * 6 5 * 

8 — 

4 7 4 

_2 i 

10 

1 

1 

1J 1 

1 


1 


2 


u 


1 

10 

3 

2 

3 

2 

3 

5 


40 40 


situations, and is useful for providing food in 
late pastures. 

As with oats and barley, members of the 
same order, the seed of most of the best grasses 
consists of the entire dried flower, or floret, 
including the glume and the palea. This, how- 


ever, is not the true seed, which may be regarded 
as a ripe ovule within the floret. 

If grass seed guaranteed 95 per cent, pure 
has only a germinating power of 80 per cent., 
we have only 70 per cent, of pure germinating 
seed, thus 95 x 80 — 70. 

100 

The quantity of pure germinating perennial 
rye grass seed necessary to sow an acre is 
38 J lb. = 54 lb. of commercial seed, whoso 
purity is 95 per cent, and germinating power 
75 per cent. 

Upon this basis mixtures are made as in 
Dr. Ste bier’s table, which appears on tlm page. 

Assuming that 40 lb. of seed are used per 
acre, the variations in the quantity of each 
leading variety in accordance with different 
soils are somewhat as follows : less timothy 
is employed on sand soils, limestones and chfclk, 
and more dog-tail, sheep’s fescue, and smooth- 
stalked meadow grass. On the limestones 
and chalks Bainfoin may be added, while red 
clover and alsike arc omitted on sandy soils. 
Before preparing sihh! mixtures the. wisest 
course is to inspect good neighbouring pastures 
or meadows, and to ascertain what course was 
followed and what grasses thrive the best. 
It is also well to study the habits of each 
variety and what soils they prefer [see table 
below]. 

Lucerne at the rate ofG or 6 lb. to the acre 
may be employed on the heavy and medium 
soils, which are deep and contain lime, where the 
grass is to remain three or four years or more. 


MIXTURES FOR LEYS, OR ROTATION GRASSES. 


Grasses. 

One year. 

Two years. 


Heavy 

soils. 

lb. 

Light 

soils. 

lb. 

feeavy 

soils. 

lb. 

Llghl 

soils. 

lb. 

Heavy 
soils, 
ib. ^ 

Medium 

soils. 

lb. 

Light 

soils. 

lb. 

Italian rye grass 


.. 

11 

16 

8 

12 

» 

4 

6 

Cocksfoot 



3 

2 

5 

2 

6 

& 

5 

Timothy 



2 

2 

2 

2 

3 

3 

3 

Bryad red clover 



6 

6 

5 

3 

2 

1 

— 

Alsike 



3 

2 

2 

2 

2 

2 

2 | 

Trefoil 



3 

2 

2 

2 

2 

2 

2 

Perennial rye grass . . 






5 

5 

8 

10 

IS 

Meadow fescue 



* 



2 

2 

3 

3 

2 

Perennial red clover 







2 

2 

2 

2 

2 

White clover 



, _ 



_ 

— 

2 

2 

2 

Meadow foxtail 







_ 

. 

2 

2 

2 

Hard fescue 







_ _ 



2 

1 

1 

Lucerne 


! ! 

— 

— 

— 

— 

4 

4 

— 

Total lb. per acre 



28 

29 

33 

32 

40 

41 

40 

1 


Continued 
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FIVE SPECIMEN LEGUMES, WITH FLAX AND HEMP 
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recurring decimals and practice 

Addition, Subtraction, Multiplication and Example^ 

Simp le and Compound Practice. Key to Example* 


By HERBERT J 

recurring decimals 

94. In some cases of division, when the 
quotient is expressed as a decimal, we have 
found that the quotient does not terminate 
for example, Art. 38, Ex. 2. .... 

In suoh cases, a digit, or set of digits, is re- 
peated continually. The decimal fraction is then 
called a recurring , a repeating, or a circulating 
decimal. 

The digits which recur are called the " period . 

A pure recurring decimal is one in which the 
period begins immediately after the decimal 
point. Thus *3636... and *7777... are pure 
recurring decimals. 

A mixed recurring decimal is one in which the 
period does not begin immediately after the 
decimal point. Thus ‘23548548 ...» in which 
the digits 548 recur but 23 does not recur, is 
a mixed recurring decimal. 

The period is usually indicated by placing a 
dot over its first and last digits, so that '363636 . . . 
is represented by .'36, ‘777... by ‘7, and 
‘23548548 ... by *23548. 

95. We can easily tell, without performing the 
division, whether a vulgar fraction in its lowest 
terms will give a terminating or a repeating 
decimal ; for a terminating decimal is equiva- 
lent to a vulgar fraction with 10, or some power 
of 10, as its denominator. Hence, if we can 
multiply both numerator and denominator of 
our vulgar fraction by such a number that the 
denominator becomes 10, or some power of 10, 
then the fraction will give a terminating decimal. 
Now 2 and 5 are the only numbers which can 
be multiplied so os to become powers of 10. 
Therefore, if the denominator of the given frac- 
‘ ion contains any prime factors which are not 
either 2’s or 5’s, the fraction will not form a 
terminating decimal. 

96. Furth er, we can tell the greatest possible 
lumber of digits in the recurring period. Con- 
sider the fraction f. When dividing by 7 the 
’emainder must always bo less than 7, so that 
the only possible remainders are I, 2, 3, 4, 5, 6. 
Hence, the next remainder must be one which 
we have already had, and the figures in the 
quotient will recur, even if they have not done 
so sooner. 

Although the following statements cannot be 
proved here, a knowledge of them may save 
much labour. 

(1) When the denominator is a prime number, 
the number of digits in the period is a 
factor of the denominator-diminished- by- 
one. 

Thus muRt recur after 1, 2, 3, 4, 6, or 12 
digits, since these are the only numbers 
which are factors of 13 - 1, t.e., of 12. 


ALLPORT, M.A. 

(2) By division we find f = *14285^ . In any 
multiple of such as f, these same digits 
will form the period, and they will follow 
one another in the same order. By dividing 

7 into 50 we see the first digi.t is 7,; hence, 
we at once know that f = ‘714285. This 
statement is true for any fraction whose 
denominator is prime, and the number of 
digits in whose period is one less than this 
denominator . 

(3) In *14285? we see that, when we have 
found the first half of the period by division, 
we can obtain the second half by subtracting 
the digits already found, in order, from 9. 
Thus, 8 = 9-1, 5 = 9-4, 7=9-2. 
This fact is of great use in cases such as 

tV> e ^ c< 

For example, we find by division that = 
‘05882352 . . . and that the quotient docs 
not yet recur. But, by (1) of the present 
article, since it does not recur after eight 
figures, we know that it must recur after 16. 
Consequently, we can obtain the remaining 

8 figures by subtracting the first 8, in order, 
from 9. Hence, = *0588235294117647. 


97. A pure circulating decimal is converted 
into a vulgar fraction as .follows : 

Example 1. Reduce ‘2 to a vulgar fraction. 

We have ‘2 = '2222 (1) 

There is one digit in the period, so we multiply 
by the first power of 10. 

Thus 10 x *2 = 2*2222 (2) 

Subtract (1) from. (2), and we get 
9 x ‘2 = 2 

Therefore *2 = J A ns. 


Example 2. Reduce *714285 to a vulgnr 
fraction. 

*714285 =* 714285714285 . . (1) 

There are six digits in the period, so we 
multiply by the sixth power of 10. 

Then 

1000000 x -714285 = 714285 714285 . . (2) 

Subtract (1) from (?) and we get 

999999 x *714285 = 714285. 

Therefore, 


.fiqocA _ 714285 _ 5 x 142857 
999999 7 x 142857 



nonce we have the rule : For the numerator , 
write down the digits which form the period ; for 
the denominator , put down as many nines as there 
are digits in the period. 

98. Mixed recurring decimals are converted 
in a similar way. 

Example. Reduce *357 to a vulgar fraction 
'35? a* *3575757 .... 
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There is one digit in the non-recurring part, so 
we multiply by. 10, and obtain 

10 x *357=: 3 *575757 . ... (1) 
There are three digits in the non-recurring part 
and the period together. Multiply, therefore, by 
the power, of 10. 

1000 x *357 « 357*5757 . ^ . (2) 

Subtract (1) from (2);. 

990 x -36? = 357 - 3. 


fence • -8gf = ®5Iz 8 = :2§* = ii. Ant 
090 090 165 

We have, therefore, the rule : For the numerator , 


write down the number consisting of the digits 
as far as the end of the first period , and subtract 
the number consisting of the digits which do not 
recur ; for the denominator, write as many nines 
as there are recurring digits , followed by as many 
noughts as there are non-recurring digits. 

99. A decimal whose period is 9 is equivalent 
to a terminating decimal. 


Example. By the above rule 


loci- 129-12 _ 117 _ 13 
12 900 900 100 13 ‘ 


Or, the Bame thing may be shown by subtracting 
‘129 from '13, the result being zero. 

Note. From this it appears that *9 = 1 . This 
is only true in the sense that the difference 
between 1 and *999 . . . becomes less and less 


as we take more figures of the decimal, until 
the difference between them is smaller than any 
assignable quantity. It is, in fact, in this sense 
that any vulgar fraction is said to be equal to a 
recurring decimal. 

100. Addition and Subtraction of 


Recurring Decimals. 

In adding or subtracting recurring decimals, 
it should be noticed that we can always write 
the decimals so that their periods begin at the 
8av\e decimal place. For, it is evident that 
‘12934 may be written ‘1293493, since each is 
equivalent to *12934934934... We have thus 
shifted the beginning of the period from the 
third place to the fifth. 

Next, a decimal which has a period of, say, 
4 digitB, may be considered as having a period 
of 8, 12, or any other multi pin of 4 digits. So 
that, if we have three decimals, whose periods 
consist of, Bay, 2, 3, and 4 digits, we may take 
the L.C.M. of 2, 3, 4, t.e., 12, and consider that 
eaoh decimal has a period of 12 digits. 

We will now consider examples in addition and 
subtraction. 

pmmpJ&L Add together *25793 + T2401 + 


Explanation. The latest 
place at which a period be- 
gins is the fourth (in the 
second decimal). We there- 
fore, after writing the deci- 
mals under one another as 
in ordinary addition, draw 
a line in front of the fourth place. Next we see 
that the numbers of digits in the periods are 
3, 2, 3, 2 respectively. The L.C.M. of these 
numbers is 6. Write, then, in each decimal, six 
figures to the right of the line we have drawn, 
and draw another line after them. Evidently 


*257193793793 
*124616161 61 
*32532532532 
*124242424 24 

*882 121849 An*. 


the figures enclosed between the two vertical 
lines will continually repeat, so that we only 
need write down two more places of each decimal, 
in order to find what figure we muBt “ carry,” 
and add the decimals together. The answer will 
be a decimal of which the part between the 
vertical lines recurs. 

Example 2. Subtract '63564 from 1'87790&. 

Explanation. Make both 
decimals begin to recur at 
third place. Draw a line in 
front of the third place. 
Reqd. difference The periods consist of 6 and 
= 1*2423 Ans. 3 digits respectively. The 
L.C.M. of 6 and 3 is 6. 
Hence, write six figures to the right of the line, 
draw another line, and continue two plaofes 
beyond. In this case there is nothing to 
“ carry ” from these extra places, and wo get 
for our answer 1‘24|232323|, where the figures 
between the lines form the period. We notice 
that this period of six figures consists of three 
seta of two figures, so that the answer is written 
1*2423. 

101. Multiplication and Division of 
Recurring Decimals. 

Division by a whole number or by a terminat- 
ing decimal presents no more difficulty than 
the division explained in Art. 33. We have, of 
course, to “ bring down ” the digits which form 
the period, instead of bringing down 0’s. 

Example 1. Divide 12 06 by 3*7. 

37 ) 120*606060. . . ( 3*259623 Ans. 

96 


1*87 1796887 79 
*6356456456 
1-241232323 


220 

356 

230 

86 

120 


9 


Explanation. We have 
to divide 12 0606 ... by 3*7, 
t.e., 120 606... by 37. Pro- 
ceeding os in ordinary divi- 
sion, we find, after getting 
six figures of the quotient, 
that we obtain a remainder 
12. This, with the 0 brought 


down from the dividend, gives 120, and we have 
already divided 37 into 120, at the beginning of 
the work. In the first case, however, the division 


did not give a digit in the decimal part of the 
quotient, so we have to proceed one step further, 
obtaining 3 in the quotient and 9 remainder. It 
is clear that all the digits in the decimal part of 
the .quotient will now recur. Hence the answer 


is 3*259623. 

Example 2. Multiply 4*213 by 3*25. 

In multiplication by a whole number or by a 
terminating decimal, we write down the multi- 
plicand as far as the end of two periods, and 
then two places more, so as to ‘‘carry” the 
correot figure. Write the multiplier with its 
unit’s digit under the last digit of the second 
period, and proceed as in ordinary multiplication. 

Thus: 


4*|213|213|£I N.B. It must be remem- 

3‘25 bored that the last two 


12 639 6396 places of the multiplicand 

8426426 are only used to enable us 

2106606* to cany the correct figure. 

13-6921942 ” Thus > in multiplying by 5. 

- — I - - --- r . we say, five rs, 5 ; but 

Or, 13*69294 Ans . we put nothing down. Then 
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five 2% 10, and again put nothing down; 
but we now know we must add-in the 1 carried, 
when we begin the multiplication of the period 
-r*.e., five 3’s, 15, and 1, 16. This 6, accord- 
ing to the ordinary rule, would come under 
the multiplier 6? and is not needed in the 
above example. We proceed, five l’s, 5, and 1, 
6 ; which is the 6 marked * in the working. 
Again, if there are many digits in the multiplier, 
it may be necessary to fill in one or two more 
periods of each separate product before adding 
them together. Thus, in the above example, 
had there been many more lines of multiplication, 
we might have had to continue the 639 of the 
first line, the 642 of the second, the 660 of the 
third, and so on, in order to find the period of 
the sum of all the lines. 

102. If the multiplier is a recurring decimal, 
we must express it as a vulgar fraction. In 
some examples the work is simpler if we also 
express the multiplicand as a vulgar fraction, 
in which case we proceed as in multiplication of 
fractions and then convert the result into a 
decimal. The student must use his judgment 
as to which method is best suited to any par- 
ticular example. 

The same remarks apply to division by a 
recurring decimal. 

Example 1. Multiply 3 'i 42857 by '03. 

Here it is simpler to reduce both to vulgar 
fractions. 

3'l428!}f — 3f 

2 \ 

. S8 x _ 

X “ 

. . ^ 

Example 2. Divide 3*128 by 1*3. 







For 

and 


Their product 


= 2 A ns. 


To divide by 


12 

•0083+ 10*9614. 

+ 


The divisor == 12 = 1 J = $. 

$ we multiply by f . 

Thus : 

3*12812. .. 

3 

4 )9*384 
2 * 346096 A ns. 

EXAMPLES 

1. Add together 3*1264 + 

2.,Fjnd the value of 7*1&34 - -025? 
3*54321+ 11*257 — 9*36. % 

8. Express 2 25285714 as a vulgar fraction 
in its lowest terms. 

4 . Express £15 13s, 7£d. as the decimal of 
£99 6s. 3£d. 

5 . .Find the value of *13$ of £7 14s. lid - 
*0254 of £6 0s. 3|d. 

6 . Sinjpljfy, giving the answer as a decimal, 
*73 of 1*234 of 12. - 

7 . Show that the decimals equivalent to 
7> fp f » ■?> can be arranged in a square so 
that the sum of each row, of each column, and 
each diagonal, is the same. 

8. Find the greatest .decimal fraction which, 
when divided into *136 and into *82, gives a 
whole number for quotient in each case. 


9. A warehouse ogsttlris 
the rent of each floor Is f 8l of the rent af : 
floor below; that of the tog>-flo& is fifci 
What is the rent of the ground floor ! 

10. A train puts down '584615 of its passengers 
at its first stop, and 57 people at its second stop. 
It now has \ of the original number left. How 
many passengers were there when the train 
started ? 

PRACTICE # 

103. Practice is a convenient method by which 
we find the value of any quantity when we know 
the value of one of the units in terms of which 
the quantity is expressed. 

In simple practice we have to find the value 
of a simple quantity ; in compound practice, the 
value of a compound quantity. 

The method is as follows : 

In simple practice we break up the value of a 
single unit into component parts, each of which 
measures [see Art. 57] one of the preoeding 
component parts. It is then easy to obtain 
the value of the given quantity when the value 
of a unit is each of these component parte, in 
turn ; after which, we add the several results. 

In compound practice we break up the given 
compound quantity into components in the 
same way, and, after finding the value of each 
component, we add the results. 

Such components are called aliquot parts. 
Thus, an aliquot part of a quantity is a part 
which measures that quantity, and therefore 
it is a fraction of the quantity whose numerator 
is 1. 

Examples. 

3s. 4dL is an aliquot part of £1, since 3s. 4d. 

= i of £1. 

14 lb. is an aliquot part of 1 cwt., since 14 lb. 

= } of 1 cwt. 

104 . A few examples will make the method 
clear. 

Example 1. Find the value of 3128 tons at 
£1 8s. 6d. per ton. 

Here we have a simple quantity, viz., 3128 tons, 
and we are given the value of a unit. 

The work is arranged thus : 


5s. = £ of £1 
3s. 4d. = | of £1| 
2d. = ^of 3s. 4d.j 


£ 

13128 

782 

521 

26 


0 = cost at £1 per ton 
0 = „ 5s. „ 

8 = „ 3s. 4d. ,, 

_4 — ,, 2d. „ 

|4457 8 0 Ans. 


Explanation. The cost of 3128 tons at £1 
per ton Is evidently £3128. Next, 5s. = 1 of £1, 
and therefore the cost at 5s. a ton will be one 
quarter of the cost at £1, so that we obtain 
the cost at 5s. by dividing £3128 by 4. Again, 
-°s. 4d. « £ of £1, therefore, divide the cost at 
£1 by 6 to obtain the cost at 3s. 4d. Similarly, 
since 2d. = ^ of 3s. 4d., we divide the cost at 
3s. 4d. by 20 to obtain the cost at 2d. Finally, 
we add the several costs, viz,, at £1, at 5s., at 
3s. 4d., and at 2d. to obtain the cost at £1 8s. fid. 

Example 2. Find the cost of 76924 articles 
at £3 16s. 4£d. each. ^ . 



ick- iof £11 


5s. = i of 10s, 
Is. 3d. = 4 of 5s*! 
lJd.=*oh«.3d. 


b. 

5 


(23070 15 
3846 2 
1923 1 
480 15 
48 1 
£(29374 15 


0 = cost at £1 each 
3 

£3 „ 

10s. „ 

Is. 3d. „ 

ljd „ 


0 = 

0 — 

3 =* 

6|*"= 


7A_4«£. 


* In dividing the previous line by 10, we 
obtain &L remainder from the pence. This, 
with the Jd. makes and 10 = £g = £d. 

Sometimes the work is considerably shortened 
if we subtract one or more aliquot parts, as in the 
next example. 

Example 8. Find the cost of 107 things at 
£17 17s. lOJd. each. ' 

Here, the value of each article is 2s. 1 Jd. short 
of £18. We find the cost at £18, and subtract 
the cost at 2s. 1 Jd. 




£ 

B. 

d. 


2s. 

- A of £1 

107 

0 

0 = cost at £1 each 
3 



"32T 

0 

0 






6 




1926 

0 

0 = „ 

£18 „ 

lid. 

= of 2 b. 

10 

14 

0 = .. 

2s. „ 


13 

_ii= >. 

l£d. „ 


£ 

11914 12 

7£ Ann.* 



* Subtract the two lines from £1926 by the 
method of Art. 48. 


Example 4. Find the cost of 4 tons 12 cwt. 
80 lb. at £3 15s. per ton. 


10 owt. = £ of 1 ton] 


2 cwt. = £ of 10 cwt. 
701b. = A of 10 cwt. 
10 lb. = £ of 70 lb. 


£ s. d. 


3 15 

0 

4 

= cost of 1 ton 

15 0 

0 

— 

4 tons 

1 17 

6 


10 cwt. 

7 

6 

— 99 

2 cwt. 

2 

17 7 

a 

JL 

— 99 

[ = 99 

A ns. 

70 lb. 
10 lb. 


Example 5. Find the cost of 15 miles 6 fur. 
200 yd. at £31 6s. 8d. per mile. 

Here 240 yd. more would make 16 miles. 
Therefore, we have : 



£ 

s. 

d. 


160yd.= j 3 ! °* 1 mile 

31 

6 

8 = cost of 1 mile 

4 


125 

6 

8 





4 



501 

6 

8 - 

16 miles 

80 yd. = J of 160 yd. 

1 2 16 11yV= „ 

160 yd. 

i 

8 

J*= - 

80 yd. 

By subtraction £ 

i! 

l 

2A- Ans. 



EXAMPLES 13 


1. Find the cost of 3256 head of cattle at 
£14 17s. lOd. per head. 

2. Find the value of 729 J dozen walking-sticks 
at £3 48. 7£d. per dozen. 

8. What will it cost to fence 6 fur. 72 yd. at 
£3 15s. a furlong 7 


4. A bankrupt pays Us. 5Jd. in the £. How 
much will a creditor receive to whom the bank- 
rupt owed £743 10s. ? 

5. Find the value of 743*875 oz. of silver at 
2s. 8d. per oz. 

6. Find in £ s. d. the value of 32*8625 of 
£3 11 b. 4d. 

7. What will be the rent of 5 a. 2 r. 16 p. 
at £4 2s. 6d. per acre ? 

8. Find the cost of 33 miles 5 fur. 180 yd. 
of telegraph wire, at £12 13s. Cd. per mile. 

9. What is the value of 1 ton 15 cwt. 91 lb. 
at £1*4625 per cwt. ? 

10. Find the cost of 1 a. 3215 sq. yd. at 
2s. 2Jd. per sq. ft. 

Answers to Arithmetic 

Examples 4 

1. £52 14s. 8fd. 2. £164 18s. 6Jd. 3. 
£381 17s. 3d. 4. £175 12s. 9d. 5. £52 Is. 8d. 

6. £2083 6s. 8d. 7. £130 8s. 6d. 8. £3766 

2s. 6d. 9. 9 wk. 1 dy. 2 hr. 37 min. 10. 1 wk. 

2 dy. 18 hr. 3 min. 18 sec. 11. 3 wk. 2 dy. 

3 hi. 33 min. 20 sec. 12. 13 tons 16 cwt. 

1 qr. 14 lb. 8 oz. 5 dr. 13. 12 tons 3 cwt. 
24 lb. 14. 16 tons 10 cwt. 3 qr. 20 lb. 15. 
1 ton. 16. 4 lb. 2 oz. 4 dwt. 6 gr. 17. 10 lb. 
6 oz. 9 dwt. 13 gr. 18. 175 lb. 5 oz. 3 dwt. 
19. 4 miles 4 fur. 32 po. 5 yd. 6 in. 20. 27 miles 
99 yd. 21. 43 miles 1 fur. 9 ch. 24 Iks. 22. 
48 lea. 7 fur. 25 po. 2 ft. 9 in. 23. 2 a. 1 r. 

27 p. 29 yd. 16 in. 24. 46 a. 1918 yd. 8 ft. 

143 in. 25. 9 a. 3 r. 14 p. 5J yd. 26. 6 sq. 

miles 115 a. 4228 yd. 27. 169 cu. yd. 6 cu. 

ft. 200 cu. in. 28. 16 cu. yd. 17 cu. ft. 42 cu. 
in. 29. 30011 bush. 2 pk. 3 qt. 1 pt. 30. 
13153 qr. 1 gall. 

Examples 5 

1. 952 gs. -f 8s. 2. 222 fourpences 4- 3d. 3. 

29988 half-crowns. 4. 1 12 half-guinens 4- 3 florins 
5. 1 cwt. 93 lb. 5000 gr. 6. 6840 poleB. 

7. 30408 crowns. 8. 2994 lb. 5 oz. 6 dwt. 
16 

Examples 6 

1. £212 6s. 10id. 2. £21 12s. lOd. 8. 5 cwt. 

15 lb. 15 oz. 4. £17 18s. ll£d. 5. 4 a. 
4195 sq. yd. 8 sq. ft. 6. 60 a. 16 p. 29 J yd. 

7. 2 bush. 1 pk. 3 qt. 1 pt. 8. £94 13s. lid. 

Examples 7 

1. 277 miles 3 fur. 172 yd. 2. 4 tons 19 cwt. 
3 qr. 12 lb. 9 oz. 3. £164084 4s. 3d. 4. 

£16 Is. 9d. 4- 104 far. rem. 5. 304. 6. 5 half- 
crowns. 7. Giving 3 men 10s. each first, 
leaves £53 15s. lOd. - £1 10s. = £52 5s. lOd. to 
be divided equally amongst the 10 men ; which 
gives £5 4s. 7d. for each. Hence, 7 men have 
£5 4s. 7d. each and the other 3 have £5 14s. 7d. 

8. Giving 2 men out of 7 twice as much as 
the others makes the share of the others the 
same as if there were 9 men. .\ 5 of the men 
get £1 1 9s. 6d. h- 9 = £1 5s. 6d. each. The 
other 2 men get 2 x £1 5s. 6d. = £2 11s. each. 

9. A bat costs as much as 5 balls. .'. 1 guinea 
will buy 6 balls. Hence, the ball costs 21s. 

6 = 3s. 6d. The bat costs 21s. - 3s. 6d. = 
17s. 6d. 10. At the lower price she saves 3d. 

on each dozen. On 12 dozen she saves 
3d. x 12 = 3s. Hence, at the lower rate, she 
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oooM lm*» bought 2' dozen eggs for this 8s.. 

the lower rate = Is. 6d. per dozen. . . 
original prioe = Is. 6d. + 3d. - Is. 9d- P® 
dozen. 11. Selling prioe of 1 cwt. - 19d. x 
112 * 21284 = £8 17s. 44 .-. The gain on 
1 owt. = £8 17s. 44 - £6 10s. = £2 7s. 4d. 
12. A packet is given for 5 coupons, so tnai 
5 coupons = 5 cigarettes 4- 1 coupon. * 
coupons are worth 6 cigarettes — i.e., a coupon 
is worth 11 cigarettes. Hence, 5 4* H == 61 
cigarettes should be sold for Id., and .*. 61 x 
12 *= 75 for a shilling. 13. Sec correction of 
this example on page 708; the £29 15s. should 
read £29 5s., and the answer to the corrected 
sum is 1 sov. + 1 half-sov. 4* 1 crown 4 1 half- 
crown 4- Is. 4- 1 sixpence = £1 19s. Now, £29 5s. 

£1 19s. «= 15. there are 15 coins of each 
sort. 

Examples 8 

1. 17948-6 4- 29510 4- 307 + 5400 4- 729*825 
= 53895*425 litres. 2. 1*2345 4- 4300 4- 3529 
+ 71*46 = 7901*6945 sq. metres. 3. 42 4- 62*4 
4 - 27*5 4- 4200= 4331*9 arcs. 4. 2450*1 x 63 
s= 154375*2 centigramme. 5. 90 Hm. 7 Dm., etc. 
« 9072350 mm. This, divided by 47 mm., 
gives 193028 quotient, and 34 mm. remainder. 
Required answer is therefore 193028 times, and 
•034 metre remainder. 6. 124*305 Kg. at 
25 centimes per Kg. = 3107*625 centimes = 
31*07625 francs. 7. 275 litres at 3*50 francs 
per litre = 275 x 3*5 = 962*5 francs = 962 fr. 
50 cent. 8. No. of sheets = 2700 mm. •+■ 
1*5 mm. =■ 27000 -*- 15= 1800. 9. 4 miles per 

hr. = 5 miles in 1£ hr. .*. I walk 8 kilo, in 
75 min., i.e., 1 kilo, in 75 m:n. 8 = 9*375 
min. 

Examples 9 

1. 587 and 997 are primes. [745 is 5 x 149 ; 
1073 is 29 x 37]. 2. (i) 165 = 3 x 5 x 11; 
341 = 11 x 31; 130 2= 2 x 3 x 7 x 31. 
There is, therefore, no common factor except 
unity, (ii) 373. 3. (i) 17640, (ii) 58497, (iii) 

5012280. 4. 1 lb avoir. = 7000 gr. 1 lb. 

Troy « 5760 gr. The L.C.M. of 7000 gr. 
and 5760 gr. is found to be 144 x 7000 gr. 

Reqd. answer = 144 x 7000 gr. = 144 lb. 
Avoir. 5. Least no. which leaves no remainder 
= L.C.M. of 42, 63, 81 = 1134. .*. Least no. 
which leaves 40 rem. = 1134 4*40= 1174. 6. 
Roq. no. == 17 eights 4- 17 nines = 17 x 17 
= 289 pencils. 7. Ring together after L.C.M. 
of 2, 3, 5, 9 seconds = 90 secs. = 1J min. 8. 
Greatest weight of a coin = H.C.F. of 38875 
gr. and 2605 gr. =5 gr. 9. L.C.M. of 30 in. 
and 33 in. = 330 in. But in this distance first 


man takes 11 steps and the seoond 10,' so that 
they are not “ in step ” till Ihey have gone 
2 x 330 in. A Required no. of tames » 1 mile 

660 ins ■* 96. 

Examples 10 

Jfo, ■£?*■ * UfOr- 6- •• b l - 

r*: 0.2i. 10.1. ll-l*- 121- 18. 

12. 14. j. 15. 2J. 

Examples 11 • 

1. *524. 2. 560 min. 3. Share of third = 
qli _’$) of whole = U of whole. of 

sum = 2s., i.e., sum = 72s. = £3 12s. 4. Half- 

a-crown = J of the cost. .*. Knife cost £ of 
2g 6d _ 2s. Hence, if the boy sells it to gain 
l of the selling price, this 2s. will be the remain- 
ing f of the selling price. Hence he must sell 
it for i of 2*?. = 2s. 8d. 5. Since the eldest had 

as much as the other two together he must 
have had half the entire sum. The second son 
had f. .*. Youngest had l-£-§=£of the 
sum. Sum the father left = 8 x £450 = 
£3600. 6. Second has £ eldest ; youngest has 

| of this, i.e., f J of the eldest. The eldest has 
a sum equal to 1 - j|f = j|J[ of his own share 
more than the youngest. . *. Eldest s share = 
|ji of £73 2s. 6d. = £120. The second has | of 
£120 = £75. The third has f of £75 = 
£46 17s. 6d. The total money = £120 4- £75 
+ £46 17s. 6d. = £241 17s. fid. 7. 3*016. 
8. Between 2 and 2*15, i.e., in i hour he does 
J - ^\ r of his journey. But at 2.15 he Btill 

has l to “do. This will take him f **- tV = 8 
quarter hours. He thus finishes 2 hours after 
2.15, i.e., at 4.15. 9. 3 oranges = 1 orange 
less than half the number she had before selling 
to D, i.e., 4 was half the number she had. She 
therefore sold D 5 out of the 8 she had on 
leaving C. Similarly, she sold C 10 out of 18 
she had on leaving B ; she sold B 20 out of 38 
she had on leaving A ; and she sold A 40 out 
of 78 she had at first. Thus, required number 
= 78. 10. £ of distance gone = \ distance 

left. .*. Distance gone = £ X J = § of distance 
left. He must therefore have already gone 
^ of the whole distance. Now, ^ is ( J — fa) = 
A of the whole distance short of half-way. 
Hence, miles = of the whole distance. 

Whole distance = x J miles = 19J miles. 

Reqd. answer = ^ of 19 J miles = x f = 

12 miles. 

[The answers to other examples wiU appear 
in due course .] 


Continued 
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SHOPKEEPING 
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ContWiupd from 
page 704. 


AGRICULTURAL IMPLEMENT DEALERS 

The mere buying and selling of implements 
offers scarcely sufficient scope for a really smart 
man. Indeed, it is doubtful whether it would 
yield a living at the outset. It must be supple- 
mented by a working department in which estate 
engineering finds a place, or, on the other hand, 
the implement business may form part — as it 
frequently does — of a general ironmongery 
concern. 

The implement dealer will find his work 
change with the recurring seasons. Stock suit- 
able for display in May is very different from that 
sold in October. For all practical purposes, an 
agent has to be conversant with and hold stocks 
of four or five classes of machine*?. 

Classes of Machines. Starting with 
Michaelmas, the demand will be for what are 
categorically classed as cultivating implements. 
In October ho will be pushing ploughs, harrows, 
cultivators, scarifiers, chain harrows, hand 
rollers, and the like. A month or six weeks later 
these will give place to food-preparing imple- 
ments, a class which includes such machines as 
chaff-cutters, turnip-cutters, oil-cake mills, corn- 
kibblers and grinders, root pulpers and slieers. 
About the same time, and right on with the now 
year, seeding implements will be in demand. 

This carries us to March, when the agent begins 
to lay his plans for selling harvesting machinery, 
which includes grass-mowers, hay-rakes, hay- 
tedders and haymakers, the almost obsolete 
self-raking reaper, and* the now universally 
employed self-binding harvester. Then, after 
harvest, there is the rather small, but always 
possible, chance of getting an order for a thresh- 
ing plant, including an engine, the total price 
of which may bo between £200 and £400. As, 
however, the makers of such plants prefer to do 
business direct with the purchaser, only a well- 
established firm of implement agents stands 
much chance of getting such orders. 

Regular Selling Stock. Then all the 
ear round there is the Bale of dairy utensils, 
utter-making chums, milk separators, tinware, 
including milk-cans in districts in close prox- 
imity to large towns, and cheesemaking plant 
in others. Besides, in certain parts of England 
the agricultural engineer is mixed up with cider 
making, and in nearly all he must needs sell 
galvanised iron feeding-troughs, skeps, pails, etc. 

It is difficult to decide with how little capital 
an agent oan start with reasonable prospect of 


success. If the business is developed as one, 
department of a more comprehensive concern, 
£200 would purchase a well-assorted season’s 
stock ; but to start with anything less than 
£500 as an independent venture in selling, 
repairing, and manufacturing, in even a small 
way, would be to court failure. 

The cost of equipping a workshop in which 
the repairing of mowers, binders, and general 
implements could bo carried on would run into 
£200, for besides such simple tools as a drilling- 
machine and a smithy forge, a lathe and grinding 
machine would be necessary, and for producing 
power a small oil or gas engine would ho required. 
An implement business without a workshop 
department would not lie practical, and tho 
better tho shop equipment the greater the 
prospects of success. A large part of an agent’s 
business consists in supplying wearing parts, 
and in maintaining the farmers’ machines in 
good repair. Tho life of a plough, for example, 
is likely to extend to from ten to fifteen years 
in the hands of a careful farmer, and during 
that period it is a source of revenue to the agent, 
if the farmer remains one of his customers. 

Renewal Parts. In our estimate we havo 
accounted for £400 of the suggested £500 
capital. Some money must be sunk in a stock of 
renewal parts, which need not necessarily tie 
purchased from the actual makers of the im- 
plements. Castings, of course, should be 
obtained at first hand, mado from the original 
patterns, as otherwise they will not lit tho old 
parts without a lot of fitting, which involves 
expense. Other wearing parts arc obtainable 
to standard gauge from firms to bo found 
chiefly in and around Sheffield, who specialise 
in such things as the sections of mower and 
harvester knives, malleable parts which wear 
out, brass bushes in which the various shafts 
and axles work, the lingers on the bars of 
mowers and harvesters, the knives of root- 
machines and chaff-cutters. 

The Manufacture of Parts. Many 
parts can be made in the agent’s own shops 
during the slack seasons — spindles for mowers 
and crank-pins, for example, while some of 
the castings can often be obtained locally and 
finished to gauge or template in the shop. This 
course does not invariably mean economies in 
production and extra profits, but it often pays 
to make up in slack times goods which could 
otherwise be bought as cheaply from the large 
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nanufacturers, because thereby the services of 
;ood mechanics can be retained all the year 
•ound. 

Fields of Enterprise. The workshop 
also enables the agent to extend his opera- 
ions, and under the direction of a “live ” man 
t affords opportunities of securing contracts 
vhich are only indirectly connected with 
agricultural implements. 

In the present transitional stage of agricultural 
nethods, the business in oil and petrol engines 
Df small power offers great possibilities. A 
•eputation for fixing small internal combustion 
engines is well worth winning, for there follow 
lot only farmers’ orders, but others from 
mtchers, printers, saw-mill owners, millers, 
juilders, and turners, to mention only half a 
dozen trades in which low-power engines are used. 

Windmills, or, as the makers prefer to call 
hem. wind-engines, are coming more and more 
nto favour for pumping water, and for these the 
armor and estate agent looks to the implement 
dealer. Each order for a windmill necessitates 
iipe-laying and the supplying and fixing of 
:>umps, storage reservoirs and, at times, the 
linking of wells. 

Yet again, water supply in country districts 
s often secured by means of the hydraulic ram. 
Tere, again, the pipe service would fall into the 
lands of the dealer. 

Sole Agencies. To get back to the com- 
nercial side of the business, a dealer must decide 
whether he will secure sole agencies or transact 
lis trado on the open system. In the former 
iase he bargains to sell this man’s ploughs and 
.he other’s mowers, and no other. In the latter 
le buys and sells what he chooses or his cus- 
omers want. A mixed policy is usually the 
lest course. There is little to bo gained, 
3xcept a bare margin of extra profit, in hampering 
ine’s self with such machines as chaff-cutters, 
and food- preparing machinery generally. One 
manufacturer's productions are about as good 
as another’s. It adds variety to the stock to 
show machines by two or more makers. The 
*ame remark applies to implements of cultivation 
and seeding, but not to harvesting machinery. 
3y taking up the sole agency for a binder, and 
3ven for a mower, the dealer keeps down the 
jtock of repair parts, and is enabled to win a 
•eputation for promptness in breakdown emer- 
gencies, which frequently occur in the harvest- 
ield. 

Finance of Implement Dealing. The 

iealer in agricultural implements is not at 
ire sent in a very strong position. A few years 
ago unsuccessful efforts were made in several 
larts of England to form associations to prevent 
irice -cutting, which had grown serious. 

The financial practice of implement dealing 
is out of date. Long credit, which would not be 
derated in many other trades, is demanded by 
;he farmer. A year is not at all uncommon ; 
and the agent, unless well backed with capital, 
ias seldom the ability to take the cash discounts 
manufacturers are ready to allow for prompt 
ettlements. Since he cannot get payment of 
ccpunts, the dealer must perforce be in debt. 


The terms of trade between the manufacturers 
and the agents are nearly all on the basis of list 
prices subject to fixed discounts, which, however, 
vary with the price of raw materials. Thirty 
or thirty- five per cent, is a common gross 
discount for food-preparing machines ; but that 
does not represent the profits of the business 
The British farmer expects substantial dis- 
counts from makers’ list prices, and the working 
expenses of an agent are so large that the agent 
is fortunate if he can make 10 per cent, profit 
on his capital after having . allowed 1 himself 
only a small sum for personal management. 
ANIMAL AND BIRD DEALERS 

By this heading is meant, not the sellers of 
farm stock and poultry, but the retailers of fancy 
birds and animal pets. The business is a minor 
one, and may be classed among those purveying 
luxuries. The former fact explains why so 
little is known about it outside the ranks of 
those who seek a livelihood by its agency, and 
the latter causes it to respond to depression and 
prosperity more than do thoso shopkeeping 
trades which cater to everyday wants. 

The Decline of the Trade. Should 
the aspirant hankering after the possession of an 
animal and bird shop seek advice from those 
who have boon in the trade for a quarter of a 
century or more, lie will almost certainly receive 
the counsel, “ Don’t.” A few decades ago birds 
were in fashion as household pets. Other 
interests have superseded the taste for birds of 
song and brilliant plumage, and from being the 
toys oi* the classes they have fallen to be the pets 
of the masses. This decline has made the bird 
and animal trade more than ever the sport of 
general trade depression. It also means that 
prices have fallen. Prom the frequent price 
of £5 to £10 the parrot has got down to 15s. to 
30s. Also, the breeder and the private owner 
have come into direct contact more than 
formerly, so that the dealer has little chance of 
making money out of show birds and animals. 

Present Condition. Yet, although the 
tendency of this trade for many years past has 
been far from encouraging, it is possible to make 
a livelihood in it if the district be favourable. 
An essential condition of profitable result is that 
the man who takes up the business should have 
a genuine love for animals and birds. Without 
such a love, he is certain to neglect them, and 
neglect means the sickness and death of his 
stock and pecuniary loss. 

Buying Stock. Many an entrant into 
the trade begins business with only £25-£50 
to spend, and this notwithstanding that he 
must pay cash down for this stock. Often 
the smallness of the capital is the best thing 
possible for the man. It prevents him from 
overstocking, and for an obvious reason the trade 
is one which should be worked upon the smallest 
stock possible. In the first plaoe, the chief loss 
incurred in the business is by the death of stock, 
and the smaller the stock the smaller the risk 
of loss from death. In the second place, live 
animals are different from ordinary stock. 
The money which birds and animals cost in food 



reduces the profit upon their sale, and the 
longer they remain unsold the greater is this 
expense. 

There is no on and off season in the bird trade. 
It may be that occasionally — as, for example, 
when a dealer has developed a connection 
among the frequenters of a summer resort — there 
are a few months of the year which may be 
reckoned the harvest time, but the man who 
depends for custom upon the non -migratory 
residents in his neighbourhood finds his returns 
distributed fairly evenly over the twelve months. 
Exotic birds are sold in the spring and summer, 
and British wild birds trapped in summer and 
autumn sustain the business during autumn 
and winter. Then the return of spring sees 
the opening of the trade in exotics again. It 
would be possible, but unprofitable, to bring 
exotic birds into this country during the winter 
months. The change in climate would he too 
severe, and the death-rate would be high. 

Wholesale Importers. The wholesale 
merchants through whose agency the birds, 
particularly foreign birds, reach the retailer, are 
located chiefly in our ports London and Liver- 
pool. They do not hold general stocks all the 
year round. The usual custom is that every 
week the merchant issues a circular to his 
customers giving a list of the birds he has and 
offering them subject to being unsold upon receipt 
of order. Then it is a question of first come, 
first served. The birds are usually despatched 
by passenger train, and the railway companies 
charge rates 50 per cent, higher than those pre- 
vailing upon ordinary parcels, and assume re- 
sponsibility for safe custody up to five shillings 
per bird. Ordinary parcel rates only may be 
paid if desired ; but in such a case no responsi- 
bility attaches to the carriers, and most dealers 
find it profitable to pay the higher rate. 

Sick birds may, according to the rule of the 
trade, be returned to the wholesale importer, 
who seldom refuses to accept return. 

Profits. A trade with the risks and 
expenses which pertain to the sending of birds 
demands higher profits than belong to most 
departments of shopkeeping. It is usual to 
charge double cost prioe, but it is always well 
to get more when possible. One hundred per 
oent. on cost price may yield a living, but 
little more. But there are Bide lines which 
belong naturally to the trade, and these may be 
made to help considerably the annual balance- 
sheet. There is the trade in cages and aviaries. 
Many retailers of birds are makers of cages also. 
The ability to undertake the manufacture of 
cages is not given to every retailer of birds. It 
requires a deftness in wirework which one may 
acquire only by a practical training or a natural 
aptitued But anyone may at least sell the 
cages. They yield fair profit, seldom less than 
50 per oent. on cost price, and often more. As 
they do not ocoasion the expenses necessary to 
the handling of live stock, they may well be sold 
on smaller profits. 

Side Lines. The bird seed and food 
trade also naturally falls to the province of the 
retailer of birds, and returns about the same 
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profit as cages. There are several firms who 
make a specialty of putting up bird food and 
bird medicines in convenient retail packages, 
and an account with one of these is all that the 
retailer need open in this department. Advice 
will often be asked regarding the care of birds 
and the treatment of sick birds. The dealer 
recommends what he has to sell, and reaps a 
profit thereby. Another trade is naturally 
allied to the selling of live birds — the stuffing of 
dead ones. Yet the two are found united less 
frequently than they ought to bo. They go well 
together. The one supplements the other, and 
skill in the art of stuffing is not difficult to 
acquire. For information on both its technical 
ana commercial sides, readers may refer to the 
chapter on Taxidermy, which will follow in 
this course. 

Care of Stock. The care of stock is the 
most important department in the bird-dealer’s 
business. A bird worth twenty shillings when 
alive is not worth twenty pence when dead, and 
the chief aim is a low death-rate. The birds 
and their cages must be kept clean ; the cages 
should be cleaned out every other day. Care 
in feeding is also essential. Many dealers think 
it necessary to study the food of each class of 
bird ; others, recognising that about half of the 
birds thrive best on canary seed and the other 
half on millet, feed all upon a mixture of the 
two. Hemp seed must be given sparingly. It 
is not desirable as a single met. 

Most foreign birds breed in captivity, but not 
many dealers adopt the breeding of exotic birds 
as a serious business. They prefer to turn over 
their stock rapidly, and regard it as the more 
profitable plan. Prize and show birds are also 
considered unprofitable as merchandise. Those 
who buy such birds are too expert in what 
prize birds ought to be and too exacting in their 
requirements. Also, the money sunk in prize 
binls per head is much more than in common 
varieties, and loss by death is much greater. 
While talking parrots fetch much more than 
others in which this ability is latent, few dealers 
set themselves to teach parrots the art of speech. 
It seems to require more patienc and persever- 
ance than is possessed by the average dealer. 
There is no reason, however, why teaching birds 
to acquire linguistic ability should not be 
turned to more profitable account than it is. 

Animals. The heading of this article was 
“ Animal and Bird Dealers,” but the treatment, 
so far, has concerned birds chiefly. There is 
reason in this. The major part of those who 
sell pets sell birds only, and those who deal in 
animals as well find birds the most impqrtant 
part of their business. The general trading con- 
ditions which we have recited as applying to 
birds refer to animals as well. « 

The trade in wild animals is in few hands, and 
while the subject might have an aoademic 
interest for the reader, it can scarcely concern 
him practically. There is not room in these 
islanas for many Jamrachs. 

But retailers of dogs, cats, rabbits, and other 
live pets, find the business not so profitable as 
those whose energies are chiefly occupied with 
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birds. Buyers are, as a rule, more critical. 
The breeding of dogs is often extremely profit- 
able, and is not attended with much expense. 
A business which naturally springs out of the 
handling of A-mmnls is that of conducting an 
animal hospital. There are a few of these 
throughout the country, and, judging by appear- 
ances, nearly all are lucrative oonoerns. The 
wealthy who travel, or who migrate to the hills 
or the seaside annually, and who do not wish to 
take their pets with them, do not object to pay 
a good price to have these tended during their 
absence. The services of a man professing to 
make this a business are often more acceptable 
than those of an obliging friend who seeks no fee 
for acting as temporary custodian of the animals. 

ART DEALERS 

The trade «of art dealing is, under certain 
circumstances, one of the most lucrative that 
can be followed, though in some respects there 
is none so precarious. With the necessary know- 
ledge, taste, and, what is even more important, 
capital, the profits that can be made far surpass 
those made in the average business, but without 
all these qualifications it is practically impossible 
for one to succeed as an art dealer. Granted that 
a man has the capital, he, to be successful, must 
possess that inborn sense of flair which will 
enable him to differentiate between the genuine 
and the bogus. This cannot l>e learnt ; it must 
be bom in a man. And if he does not possess it, 
it is useless for him to contemplate becoming an 
art dealer. 

As an instance, a certain well-known dealer 
has had with him for four or five years as his 
right-hand man one who will never be com- 
petent as a dealer. Though in close touch with 
hundreds of objects daily, he knows really little 
more than when he entered the business. In 
fact, he lacks the required flair, or instinct. 
This same dealer, too, has a porter who, through 
merely handling the objects when dusting or 
packing them, can tell at a glance a piece of 
Worcester, Sevres, or Nankin porcelain, 
although he has been in the business only a 
year or two. Though practically an unedu- 
cated man, he has this instinct, and had he 
the necessary capital, would undoubtedly prove 
a Rueeossjul dealer. 

The Knowledge Necessary. The 

acquisition of a knowledge of the peculiarities of 
the different objects that may pass through his 
hands is the first thing that the prospective 
dealer has to seek. Whether he intends to 
become a picture dealer, printsellor, or a dealer 
in china and furniture, the routine is the same. 
He? may lcam from books particulars regarding 
the lives of artists and engravers, information as 
to the periods of the leading craftsmen of past 
times, and particulars as to the foundation and 
distinguishing marks of the various china 
factories, all useful and necessary information 
in his business. But no amount of reading will 
explain to him the peculiarities of the different 
schools of painting, or the difference in the paste 
or glaze of the porcelain of one factory from that 
of another. This information can be obtained 
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only bv actual examination of the objects, and 
there is no better school than the museum. In 
the National Gallery, for instance, one can find 
pictures oi t of number, all of undoubted authen- 
ticitv, and splendid examples of each masters 
work. And in the South Kensington Museum 
or the Wallace Collection will be found specimens 
of every kind of furniture, china, or art object 
in which a dealer is likely to trade. 

Experience and foresight are two necessary 
qualities. The former can only be gained by 
time, and the latter by watching the public taste. 
It is necessary not only to know what the public 
want, but one must also learn to know what the 
public will want ten years hence. A remarkable 
instance of the lack of this last quality oan be 
given. When the Pre-Raphaelite movement was 
in its infanoy, perhaps the most famous firm of 
art dealers in the world would have nothing to 
do with its productions. In fact, they ignored the 
artists and discouraged all intending purchasers. 
Time has proved how wrong their estimation 
was. 

The Auction-room as a School. 

Besides the galleries, a splendid school is Messrs. 
Christie, Manson & Woods* famous rooms in 
King Street, St. James’s, London. There, during 
a season, hundreds of pictures, engravings, and 
art objects of every class and quality come up for 
sale, and by constant attendance one may learn 
what class of works are in demand and which 
are in disfavour. The prices obtained at these 
rooms, however, must not be too carefully 
noted, for many things have to be taken into 
consideration. If the object sold comes from a 
collection of repute, it is practically certain to 
fetch a good figure, merely owing to the prestige 
of its owner ; whilst a similar object, sold with 
little or no pedigree, may not fetch more than a 
tithe of the sum 

Having gained the necessary knowledge, 
especially where pictures are concerned, the 
dealer must have the courage of his convictions. 
If his judgment tells him a certain artist’s work 
is really good, he must not be affected by outside 
influences. The majority of his rivals are like 
sheep following each other’s lead, and have little 
ability to recognise real talent. This foresight is 
really the faculty of applying experience to 
present circumstances, or in other words, dis- 
cerning qualities which are bound to make the 
picture a saleable object. In pictures there 
should be something besides sentiment. There 
should be a strength, a force in the design which 
displays the handiwork of a capable artist. 
Other points must be noted by the dealer, which 
are that each work purchased is by the artist 
assigned to it, that it is not an early and un- 
important canvas touched up. to give it an 
increased value. Pedigree plays a large part in 
the value of a picture, and one should be ever 
wary of acquiring a picture of which the past 
history is at all doubtful. 

Engravings. As regards engravings, 
Christie’s sales are a splendid opportunity for one 
to come into touch with the work of the leading 
English and Continental engravers. For real 
study, however, the Print Room at the British 



Museum cannot be sttfpassed. .There oan be 

State is eve^Sdng in a print, and unless one 
can distinguish one state from another, it is 
impossible ever to attempt to deal in prints. 
Engravings, more especially of the eighteenth- 
century English School, form a splendid example 
of the flights of Fashion. There is no possible 
reason why such prints should realise the huge 
sums which are given for them at present, for 
they bj% not unique, like a fine picture. Let 
some other copies of one of them come to light, 
and its rarity is gone, and the dealer is left with 
a print for which he can never hope to get 
the money paid. At present certain schools 
of engravingB are altogether ignored, though the 
work is undoubtedly superior to that done by 
the later men ; but even if a man has scores of 
these prints in his shop, he may not be able to 
sell them, although it is an absolute certainty 
that they will one day regain their lost favour 
and return him ample interest on his money. 

Art Furniture and China. To deal 
in furniture, china, and objects of art generally, 
requires perhaps as much knowledge as any 
branch of dealing, besides much taste and deco- 
rative instinct. Every year fashion changes, and 
what may be in demand one season may be 
unsaleable the next, and this has to be guarded 
against. Really good furniture by the leading 
masters of the craft will never depreciate. But 
there are certain styles which, with the taste of 
the moment, rise enormously in value, and then 
as suddenly decline. 

At the South Kensington Museum and the 
Wallace Collection magnificent examples of the 
work of the leading English and foreign masters 
will be found, and there are no better schools in 
which to learn. Study each piece and note its 
peculiarities. Notice the workmanship, the 
material, and finish. In this way only can the 
requisite knowledge be obtained ; and in time 
the earnest student will find himself uncon- 
sciously becoming familiar with the distinguish- 
ing features of each maker and period. Many 
items at the South Kensington Museum are 
priced, but these prices should be ignored, as 
they are no guide to valuation, for frequently 
their value since the price was affixed has, 
through change of fashion, largely increased or 
decreased. In the space of ten years a certain 
class of furniture may jump into favour, reach 
enormous prices, and just as suddenly fall into 
disfavour, simply owing to fashion. It is this 
changeableness that forms one of the pitfalls 
of the dealer. To be successful one must 
keep in touch with the market. Buy that for 
which you know there is a permanent demand, 
and leave severely alone anything that is likely 
to have but a fleeting popularity. 

The same remarks apply to the dealer in 
porcelain and pottery. Study the different 
factories at the museums. Commence with the 
English, then continue with the Continental, 
Ap a conclude with the Oriental factories. The 
first is the most desirable. It is the easiest 
to learn, and lacks many of the complications 
that will be found in the other branches. All 


china, both English and foreign, is imitated, 
and only bv long practice can the beginner 
learn to tell the real from the fake. Many 
English factories reproduce vases and figures 
in exact facsimile with those issued by the same 
factory a hundred years before, and though 
many dealers stock these reproductions, they 
should be bought and sold on the distinot 
understanding that they are not original pieces. 
A splendid school in which to learn the value 
of English china, furniture, and bric-k-brac are 
the rooms of such firms as Messrs. Puttick & 
Simpson, Messrs. Sotheby, Wilkinson & Hodge, 
and Messrs. Glendining, in London. At these 
rooms one will find on occasion choice little 
representative collections realising prices more 
in accordance with their market value. 

Old Silver-plate. The demand for old 
silver-plate has of recent years made it a 
most profitable branch of art dealing. But 
here, too, one needs to be thoroughly in touch 
with the principal makers of each country and 
period, their distinguishing features, besides 
learning all the mysteries of hall-marks and 
date letters. These latter can bo learnt from 
books, but no amount of reading can teach a 
man the difference between the silver of Tudor 
and Stuart periods, or the characteristics of 
the work of the early silversmiths. This 
subject, too, can be studied at museums. In 
fact, the museum should bo the home of the 
prospective dealer. Practically everything he 
requires can be found at the South Kensington 
and British Museums. 

Personal Relics. Relics of famous people 
in history are largely dealt in, but no objects 
are so liable to fluctuation. Personal relics 
with authentic pedigrees will realise any sum, 
but only experience will teach the sum to 
which one should go when acquiring them. 
Present circumstances are the great factor in 
affecting their value. The Nelson Centenary, 
for instance, simply flooded the market with 
relics both of intimate and slight connection 
with tho famous admiral, and remarkable prices 
were paid for certain objects. Eventually, 
however, the market got overstocked, and a 
slump is practically inevitable. Relics should 
not only be considered from the point of view 
of relics, but they should also be viewed from 
an artistic point of view. A bust of Nelson, 
for instance, may realise a good price because 
it is a memento of a great man, or because it is 
a fine example of the art of sculpture. It is 
this broad view that tho dealer should endeavour 
to acquire. 

In conclusion it cannot be too firmly impressed 
that art dealing needs much perseverance and 
patience. It is not like an ordinary trade, 
where in a few months the whole stock haa been 
sold and replaced. Many things a dealer may 
buy may remain in his shop for years, and it is 
this fact which makes capital so indispensable. 
One must be able to sink a large sum without 
any absolute certainty as to when it will be 
returned. Some things are, of course, bought 
and sold within twenty-four hours, but against 
such instances there may be a score of objects 
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purchased for which do immediate buyer can 
be found 

Imitation Antiques. In no trade, 
unf ortunately, is there so much dishonesty as m 
that connected with art objects and their sale, 
and at the very commencement of his career 
the prospective art dealer is faced with a difficult 
problem which he is compelled to solve. Does 
he intend to sell genuine objects only or does 
he intend to include in his stock items of a 
doubtful authenticity, and trust to his being 
able to sell them to gullible collectors as the 
real thing T There are those who Ray that 
art dealing and honesty cannot go together. 
But this is not true; there are plenty of 
dealers upon whose integrity one can place 
absolute reliance. If when starting business 
you sternly set your face against the fake, and 
refuse to have anything of the sort in your shop, 
it is bound to pay you in the end. Though 
you may by a trifling mis-statement make a 
few pounds, you may feel almost sure that if 
your customer discovers that he has been 
cheated ho will never deal with you again ; 
whilst once you get a name for straight and 
honest dealing you will have little difficulty 
in getting together a clientele of a permanent 
character. 

Of the text-books that are almost indispens- 
able the following can be procured with the 
knowledge that they are reliable : 

Bryan s “Dictionary of Artists and En- 

g avers,” Whitman’s “The Print Collectors* 
andbook,” Chaeffer’s “ Marks on Old China,” 
Cripps’ “ Old Silver-plate,” Macquoid’s “ History 
of English Furniture,” the books of Chippen- 
dale, Sheraton, and other masters. 

In fact, as regards handbooks there is no end, 
though the average cheap little text-book so 
frequently published at present is by no means 
always reliable. 

But no opportunity must be missed of in- 
creasing the reference library, and as new editions 
and new books appear they should, if one 
wishes to keep in touch with art, undoubtedly 
be acquired. 


ARTISTS* MATERIAL DEALERS 

The retailing of artists’ materials is a trade 
which can scarcely stand alone. It is not suffi- 
ciently large, and is usually added to some other 
shopkeeping business — such as that of a stationer 
ana print-seller, a painter and paperhanger, an 
ironmonger, and we even remember to have seen 
a chemist who handled artists’ colours as a side 
line. 

Time was when technical knowledge of colour 
grinding and mixing was essential to the success- 
mi deafer in artists* materials. These were the 
days before the collapsible tube had usurped 
the place of the hog’s Diadder as the receptacle 
of mixed paints. Now the manufacturers or 
wholesale merchants supply everything packed 
in convenient retail packages, and the retailer 
need have no special technical acquaintance 
with the wares he handles. 


Ease of Entering the Trade. The trade 
is one in which little bfed stock accumulates. 
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Thero is therefore little loss on this score. 
Anyone thinking of embarking on the sale of 
artists’ materials has only to pat &msel£ into 
communication with one of the large wholesale 
houses and he will be supplied with everything 
he wants. He need not open more than one 

account. . , A ,, .. . , 

The amount required to add an artists 
materials department to any business may vary 
from £20 to £100. Not more than the latter 
sum should be expended until a firm collection 
has been established. The keeping of stock 
would be attended with greater difficulty were 
it not that here also the manufacturer oomes 
to the help of the retailer and provides him 
with a cabinet specially fitted for the stocking 
of the many oddments which artists require. 
The accompanying illustration shows one of these 
stock cases. This particular one is by Messrs. 
Winsor and Newton, London, but all other 
good houses supply stock cases. 

The case illustrated is for the cautious man 
who is content to spend £25 on a stock of artists’ 
materials. The cost Is £18, with the glazed top 
compartment fitted with a representative assort- 
ment of the necessary sundries. The size of 
the case js 41 in. long, 30 in. wide, and 55 in. 
high at the back. 'Die gross retail value of 
the articles which it contains is about £18, 
so that the man who has sold the contents with 
which he started, or their equivalent, has earned 
the case. 

Nature of Stock. The stock contained 
in such a case when purchased comprises a 
good assortment of cake, moist, and oil colours, 
water-colours, liquids, oils and varnishes, pencils, 
chalks, and crayons, and brushes for oil and 
water painting. Besides these things the 
retailer must purchase canvases, easels, drawing- 
boards, T and set squares, paper blocks, and 
sketch-books. The £7 left after spending £18 
out of the allotted £25 upon the fitted case will 
furnish a sufficient assortment of all these. Then 
the would-be artists’ colourman is ready to 
inform brush wielders in his neighbourhood 
that he is ready for their assault. 

Profits. The profits carried by goods 
such as we are discussing is in the region of 
33J per cent, on retail price, or 50 per cent, on 
cost price. That is to say, that the Is. article 
costs 8s. per dozen, and things at other prices 
proportionate to this profit. To some traders 
in other branches of shopkeeping the profits 
may seem high, but they are not more than 
remunerative. The deafer in artists* materials 
may turn over the worth of his stock only 
once a year. The man who enters the trade 
thinking to make a connection for himself by 
giving part of his fourpence in the shilling to 
the public, makes a great mistake. He will 
find that the trade is far too slow to make cutting 
tactics profitable. It is far more necessary to 
give the . goods wanted exact to requirements 
than it is to sell 5 per cent, cheaper. In other 
words, quality is far more important tnan price. 
But, however much he may try to maintain 
catalogue prices, he will find it impossible in 
every case. The casual customer may be made 





to pay them, but professional artists have 
sueceeded in instituting the practice of discount 
allowances, varying with the nature and price of 
the articles, ranging up to 25 per cent. Thus, 
when requested, the dealer must allow these 
artists discounts. 

The terms of payment usual in tne artists’ 
material trade depend upon the district. 

Accounts are usually journey accounts collected 
by the commercial travellers. This moans 
three, four, or six months, according to the 
frequency of the travellers’ visits to the town 
where the retailer resides. Some districts will 
not stand more than semi-annual journeys. 

A Department Worth Pushing. The 
selling of artists’ colours proper is a trade 
where enterprise cannot carry a man to the high 
success possible of achievement in many other 
branches of shopkeep- 
ing. The consumption 

of such goods in any 

district is strictly lim- i * . • 

ited, and no amount . 

of advertising or other 
methods of self-asser- ^ d* % 

tion on the part of 
the retailer wiU appro- 

ciably augment the i , <v ' 

volume of trade of , ! ,l ” 

the district. But one r * 

branch of the business : j jptrrg 

which can be extended ■ 

is that of supplying ~”~vl J ^ 

artists* materials for , , 

students and children. V.Llr 

A wave of desire for N ^ j* 
culture in the several ' * 

grooves of art is at r ‘ ^ * 

present inundating our ^ ^ :‘ r *. .. 

country, and, indeed, / M 

the world, as never ' W -- 

before, and is a field ’ ’ 

prepared for the artists* 
colourman. \ 

Students’ colours, as 
they are called, are 
not of the quality 

necessary for the work ST0CK CASE y0R A 
of experienced artists. The student’s efforts are 
not intended to be permanent. Indeed, as ho 
attains experience and ability ho frequently finds 
the records of his early clumsiness far too per- 
manent to be agreeable. Thus, students colour- 
boxes are inexpensive. They are more profitable 
than regular goods, and 40 percent., and some- 
times even 50 per cent., of the retail price is profit. 

Formerly, manufacturers of the first rank held 
aloof from this department, believing that their 
reputation as makers of high qualities would 
suffer if they descended to the qualities neces- 
sary for cheap colours. But wiser counsels now 
prevail, and the best firms in the trade no 
longer hesitate to attach their names to materials 
for the use of the student and schoolboy artist. 

Other Possible Departments. Students 
have need of copies from which to work 


STOCK CASE FOR ARTISTS MATERIALS 


•HOPKWINO 

and the dealers find this a profitable depart- 
ment. A drawing copy, costing sixpence, 
or sometimes only half that amount, may be 
hired at a penny a week, and if the hirer forgets 
to return it for a few weeks, the price paid for its 
use may represent the price of the article. For 
coloured reproductions let out as copies the price 
l higher, usually threepence a week for good 
copies, and their cost seldom exceeds a half- 
crown. The hire of copies is a department which 
ought to be encouraged. Payment is in pence, 
but pence mak ? pounds. 

Many colourmen share in the present enormous 
trade in picture postcards, which yield from 50 
to 150 per cent, profit. The department yields 
some soiled stock, which, however, can usually 
be cleared. In any event, the profits can 
stand some loss of this nature. 

The department of art 
— — — — — dealing — that is, in 

r pictures and prints— 

: ^ falls naturally to the 

- - share of the artists’ 

Jr* c *¥ colourman. It h s been 

treated in the article 
iy immediately preceding 

. this one. 

-- Tools and material for 

clay and wax modelling, 
™ "^-7 | for poker-work, for fret- 

; saw work, and designs 

! f° r amateurs in these 

arts, are also proper 

^ I ' branches for cultivation 

by the artists’ colour- 
*.1 man. They require only 

» ‘ fi moderate outlay for 

* Ui ' & stock, and yield about 

r jj|I . the same rate of profits 

m as pertain to artists’ 

i ^ ' materials. 

/>! ® Stock of a more ex- 

' ' £ pensive nature may be 

attempted in drawing 

" and mathematical in- 

struments. Some locali- 

itists’ matttrtals ties as, for instance, 

iTISTS MATERIALS thoae in proximity to a 

technical school, engineering works, and 


^ j. 


technical school, 


architects’ offices — are specially favourable for 
such a trade. 

Selling on Commission. It frequently 
happens that the artist customers request the 
dealer in materials to undertake the sale of 
their work. Sometimes this is embarrassing ; 
more often it is welcome, as it enables the 
retailer, without the capital necessary for the 
purchase of such things, to show them. Cus- 
tomers’ work should not be purchased. It may 
bo shown with an understanding of commission 
in the event of sale. No definite rule can be laid 
down regarding commissions in such cases. It 
varies between 10 and 50 per cent., its size 
usually being in inverse ratio to the prominence 
of the artist and the quality of the work. 

Continued 
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Remains ol internal bones ol extinct 
cuttlefish 


lie can generally make a rough guoss at the 
nature of any rock which he is likely to meet, 
and can collect specimens for the moTe detailed 
analysis of the laboratory. In addition, he 
carries a map of the district which lie wwamm- 
inc on the largest convenient scale— the 
'ordnance Survey sheets one inch and six inches 
m the mile, are the best for this country. With 
the aid of a pocket compws and a clinometer 

r'oS«i“Ss*A{ff «s 

tffe level Burf^We 

6ha118 ^ la they n b^oag ‘tfthe ^deT stody of 
are . f 1 ' t nr \hc fashion in which the crust is 
buflt up of the rooks which we have first to 
, • f tVicir i ndi vidual structure. 

qU Cla«.lflcation of RocKs. The system 

briefest °sketch of' the conclusions which were 

th r^aUlne and Non-crytalline 
rScKo! If the student has access to any 

Kf rt 

them. fVint is thev conBiBt of well 

““vTSh d aU sorts and sizes, held 

^s&fesssi= 

no such structure, ou ^ a ceme nt, or 
line partioles held tog - v .. tlieir own 

pack# so closelya* hin flTnt, y and conglo- 

stjssre.'sart?**- 

3 M 


only be recognised by a microscope. But it is 
generally safe to say that any given specimen 
of rock is either crystalline or non-crystalline, 
and this distinction affords us the first possibility 
of classification. 

Stratified and Unstratifled Rocks. 

The second principle of rock classification 
must be studied in the field. If the student 
will visit a quarry or railway cutting, where 
he can see below the normal surface of 
the ground, he will soon notice a well-marked 
difference between various kinds of rocks. 

Some rocks are always arranged in distinct 
layers or beds parallel to one another— though 
not necessarily parallel to the surface of the 
ground— which are known as strata. These 
may be compared to the bricks in the work of 
a house. These strata [23] may he seen in a chalk 
pit, or where the railway runs through banks of 
sandstone, or on the seashore in the face of the 
cliffs along the greater part of the South Coast. 

But they will he vainly sought in a granite or 
marble quarry, or where the sea breaks, as in 
Cornwall or North-cast Scotland, against pre- 
cipices of living granite. The existence or 
non-existence of these layers m a rock aBord 
another basis of classification into stratified 
and unstratified rocks. ®„.,uf.«,u» 

FossiUferoua and Non-FosilUierou* 
RocKs The third line on which we may 
draw our classification is that of the presto 
or absence of organic relics or fossils m aroeh 
o nme rocks, like chalk and coal, are composou 

:tr Zd SrtlU of the anatomy of_extmet 
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animals thus preserved in the heart of 
the rocks that we depend for nearly all our 
knowledge of the history of life upon the earth. 
We shall see later how they came there. Just 
now it is enough to observe that it is only in 
certain kinds of rock that these fossils are ever 
found, and so we may make a third distinction 
between fossiliferous and non- fossiliferous rocks. 

Now, if we study all the rock specimens that 
we can obtain in the light of these three different 
principles, a verv curious and interesting fact 
emerges from obscurity. The three methods 
of classification all load to the same result. With 
certain exceptions, which have led to the estab- 
lishment of a third intermediate class, we find 
that a rock which is crystalline is also un- 
stratified, and contains no fossils or relics of 
organio life. A stratified rock is almost always 
non-crystalline, though there are exceptions to 
this rule, which we shall encounter later, and we 
may expect to find organic remains in it, though 
it must be understood 

that by no means all ^ v 

stratified rocks are fos- 

siliferous. Lastly, if we **** 

find a tiny specimen of 

rock which contains a . 

fossil, we may predict 

almost with certainty 

that the rock from 

which it came is non- 


Sedimentary Rocks. The stratified 
rocks must have been produced* in a different 
fashion. We can see how it was if we take a 
slab of sandstone, with its distinct beds or layers, 
and compare it with the sand of the seashore. 
The only way in which sand can be arranged 
in regular strata is by the action of water. The 
winds and tides chum it up till it floats for a 
while, then it gradually settles down and is 
deposited as a layer or stratum on the ocean bed. 
Another layer is deposited on that, and then 
another, till the first layers have sunk so far 
that the pressure of the sand and the ocean 
above consolidates them into a soft kind of 
rock. Meantime the living creatures in the 
sea have been dying and sinking down into the 
soft sand, where their perishable part decays and 
the hard part is left, to reappear as a fossil in 
the sandstone of a future age. Wherever there is 
a piece of water that is sometimes comparatively 
quiet this action must go on. When the water 
is disturbed, it sweeps 

- — .. up particles of sand or 

' clay or earth ; when it 

is quieter, they are 
dropped as a layer of 
practically equal thick- 
a ness all over the bed. 
The sea, with its winds 
and tides ; lakes, with 
their periodical storms ; 


crystalline in structure, 
and arranged in layers 
or strata. 

Thus, we have now 
arrived at two great 
main classes into which 
rocks may be divided : 

1. Crystalline, un- 
stratified, non - f ossili - 
ferous. 

2. Non - crystalline, 
stratified, fossiliferous. 

Igneous Rocks. 
The names usually given 
to these families are de- 


rivers, which run faster 
and fuller at one season 
than at another — all 
contribute to the forma- 
tion of stratified rocks. 
And since these rocks all 
originate from hardened 
sediments, the name 
usually chosen to de- 
scribe them is sedi- 
mentary. 

M e tamorphic 
Rocks. There is a 
third class of rocks, 
which is due to the 


rived from a considers- 22. geological stbata fact that the original 

tion of the manner in formations have been 


whioh they were formed. This is not difficult, 
even for the beginner, to perceive. We 
know, from physical science [see course on 
Physics] that crystals are formed when 
a body whioh has been molten or dissolved 
solidifies. Consequently, we say at once that the 
first olass, or crystalline rocks, must once have 
been molten, sinoe the only possible solvent 
(water) has little or no aotion upon them. These 
rooks, in fact, are all the product of something 
akin to what we now know in a degenerate form 
as volcanic action ; . they must have been poured 
forth from the earth's interior in a liquid form, 
and have solidified in the place where we now 
find them. This also explains why they are 
not arranged in strata, any more than pig-iron 
or the slag of the blast-furnaoe, and why they 
contain no relics of organic life. These rooks, then, 
are usually called igneous, as having their origin in 
fire, or eruptive. We shall use the former term. 


altered by various agencies. Sedimentary rocks 
may have been bakcaor even melted by later heat, 
like marble, which is merely limestone crystallised 
in solidifying under pressure. Igneous rocks may 
have obtained a falsely stratified structure, in 
conquenoe of pressure. Thus we find many rocks, 
of whioh the Gneisses and Schists are the best 
examples, and which seem to form a class inter- 
mediate between the other two. These are called 
metamorphic rocks, sinoe they have been meta- 
morphosed or ohanged from their original nature. 

The igneous rocks are the oldest. The sedi- 
mentary rocks were formed from them by their 
gradual attrition to dust by natural processes of 
weathering, and the new manufacture of this dust 
into sedimentary rocks by water. /Thus, the 
igneous rocks are also called primitive, and the 
sedimentary and metamorphio rooks secondary 
or derivative. 
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LATIN 

Section I. GRAMMAR. 

Anomalous Verbs are verbs that do not 
form all their parts aocording to rule. The 
following are the most common : 

Possum (Pote sum) = I am able ; Volo = I 
wish ; Nolo (Ne-volo) = I am unwilling ; Malo 
( Magis-volo ) = I prefer ; Fero = I bear ; Fio = 

I am made, I become (used as the passive of 
Facto, I make) ; Eo = I go ; Queo and Nequeo *■ 

I can and I cannot ; Edo = I eat. 

Schema of Conjugation. 

Indicative Mood. 

Present, 


Singular. 

Plural . 

1 . 

possum 

possumus 

2. 

potes 

po testis 

3. 

potest 

possunt 

1 . 

volo 

volumus 

2. 

vis 

vultis 

3. 

vult 

volunt 

1 . 

nolo 

nolumus 

2. 

non vis 

nonvultis 

3. 

nonvult 

nolunt 

1 . 

malo 

malumus 

2. 

mavis 

mavultis 

3. 

mavult 

malunt 

1 . 

fero 

ferimus 

2. 

fers 

fertis 

3. 

fert 

ferunt 

1 . 

fio 

_ 

2. 

fis 

— 

3. 

fit 

fiunt 

1 . 

eo 

imus 

2. 

is 

itis 

3. 

it 

eunt 


Future Simple. 

ero eris erit erimus eritis erunt 

am es et emus etis ent 

bo bis bit bimus bitis bunt 

Imperfect. 

cram eras erst eramus eratis erant 

bam has bat bamus batis bant 


By Gerald K. Hibbert, M.A. 

Perfect. Future Perfect, and Pluperfect. 

Potu- 

Volu- l.i iati it imus istis erunt 
N°J U * orer$ 

Malu- . 

2. ero eris ent erimus eritis erunt 

3, eram eras erat eramus oratis ©rant 

Iv- 

Subjunctive Mood. 

Present. 


is it imus 


as at amus atis 

Imperfect. 


Perfect and Pluperfect. 


1. erim eris erit erimus eritis erint 

2. issem isses isset issemus issetis 

issent 


Imperative Mood. 

Possum, Volo, Malo, have none. 

Present . Future. 

2nd Sing. 2nd PI. 2nd Sing. 2nd PI. 3rd PI. 
noli nolite nolito nolitote nolunto 

fer ferte ferto fertote ferunto 

fi fit© — — — 


erunt 

i ite 

ito itote eunto 

Present. 

Infinitive Mood. 
Pres. ptc. 

Supines. 

ent 

posse 

potens (used as 

— 

velle 

adj. = powerful) 
volens 

. __ 

bunt 

nolle 

nolens 

— 

malle 

— 

— 


ferre 

ferens 

latum, latu 

erant 

fieri 

— 

— 


ire 

iens ( genitive eun- 

itum, itu 



tis) 



Perfect Participle Passive . 

Fio and Fero have peri. ptc. pass, factus and 
lotus. Factus is used with sum , ete., to form the 
perfect tenses of Fio. 
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Feror (passive of fero) has pres, indie. : 2. 
ferris. 3. fertur. 

Queo and Nequeo : Conjugated like E). 

Edo (I eat) often changes some of its forms : 

Ind. Pres. Ind. Pres. 

2nd Pers. Sing. 3rd Per 8. Sing. 
edis of es edit or est 

Infin. 

edere or esse 

Deponent Verbs, These are chiefly passive 
in form, but active in meaning — e.g., venor , 
venari = to hunt ; utor , uti — to use. They are 
found in each of the four conjugations. They 
are conjugated like the passive voice of a verb 
of the same conjugation : thus, Venor (like amor), 
venari , venatus sum. In the infinitive, however, 
they combine active and passive forms — e.g., 
Utor : 

Pres, infin. uti, to use 

Perf. infin. usus esse 

Put. infin . usurus esse 

Supines. usum, usu 

Pres. ptc. utens, using 

Perf. ptc. usus, having used. . 

Put. ptc. usurus 
Gerunds. utendum, -i, -o 
Gerundive, utendus 

The fact of their having a perfect participle 
with an active meaning makes them very useful 
for translating the English “ having used,” 
“ having hunted,” etc. Thus, for “ having 
spoken thus, the queen died,” if we use the 
deponent loquor, loqui , locutus for “ to speak,” 
we can say Ita locuta , regina mortua est .” But 
if we used “ dico “ for “ to speak,” we could 
not use “ dictus ,” which means “ having been 
spoken.” We should then have to say either 
(1) his dictis (these things having been spoken, 
abl. abs.) regina mortua est ; or (2) quum ita 
dixisset , regina mortua est. 

Semi-deponent Verbs. A few verbs have an 
active present, and a perfect of passive form ; 
these are called “ semi-, or half-deponents ” : 
Audoo, l dare Perf. ausus sum, I dared 
Fido, I trust „ fisus sum, I trusted 

Gaudeo, 1 rejoice „ gavisus sum, I rejoiced 
Soleo, I am word „ solitus sum, I was wont 

Section II. SYNTAX. 

T k he Dative Case. 1. The dative is 
often used after the gerundive ptc. in — dus 
(and sometimes after other passive participles) 
where we should expect the ablative of the agent 
with the prep, ah — e.g.. Hoc mihi faciendum est ~ 
this is to be done (must be done) by me. 

2. Predicative dative : that which a thine 
or person serves as, or occasions ; much used 
with sum, do, duco, and (especially with military 
terms, auxilio , praesidio, subsidio) with verbs 
of motion — e.g. : 

Quinque cohortes castris praesidio reliquit. 

He left five cohorts as a guard to the camp. 

Quae res saluti nobis fuit. 

Which thing was for a safety to us — i.e., saved 
us. 

Tpse sibi odio erit. 
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He will be an objeot of hatred to himself ; 
lit., he will be for a hatred. 

Impedimento esse = to be a hindrance. 

Detrimento esse — to be hurtful, etc. 

3. The dative is sometimes used where we 
should use a possessive pronoun or the genitive, 
to give greater emphasis to the person mentioned: 
Turn Pompeio ad pedes se projecerunt = then 
they threw themselves at Pompey’s feet. 

4. The dative is used after several verbs: 
With sum it denotes possession — sunt nobis mitia 
poma = we have mellow apples. All the 
compounds of sum (except possum) take a dative. 

Verbs signifying to Aid, Favour, Obey, Please, 
Profit, Injure, Oppose, Displease, Command, 
Persuade, Trust, Spare, Envy, Be angry, etc., 
take the dative, because they are really intransi- 
tive — e.g., Parce pio generi ~ spare a pious race, 
lit., “ be sparing to.” 

[Although Impero (I command) takes a 
dative, Juheo (I order) takes the acc.] 

These verbs that take a dative cannot be 
used personally in the passive, but only im- 
personally — e.g., mihi persuasum est = I have 
been persuaded, lit., it has been persuaded to 
me. 

A few impersonal verbs take a dative : libel 
(it pleases), licet (it is lawful), accidit (it happens), 
etc. — e.g. libet mihi = I am pleased ; lit., 
it is pleasing to me. 

The Genitive Case. This denotes : 

1. Possession : this is the simplest and most 
natural use of the genitive — Ccesaris uxor = 
Cesar’s wife. 

The gen. sing, of a substantive is often used 
as a predicate with a copulative verb, to denote 
such English ideas as Nature, Token, Function, 
Duty, Part, Mark, etc. — e.g., Sapientis est 
tempori cedere = it is (the mark) of a wise man 
to yield to circumstances. Cujusvis (gen. of 
quivis) hominis est errare = any man may err, 
it is (of the nature) of any man to orr. 

2. The relation of whole to part: Partitive 
Genitive — e.g., multi vestrum = many of you. 
Fortissim.us Grcecorum — the bravest of th^ 
Greeks. Duo horum = two of these. Often 
used after the neut. sing, of adjectives and 
pronouns expressing quantity or degree, and 
with nihil (nothing), satis (enough), parum (too 
little) — e.g ., parum prudentiae = too little 
prudence. Aliquid pulchri (something beauti- 
ful) ; quid novi ? (what news ?). 

Also used after some adverbs, quo, eo, turn, 
ubi, etc. — e.g., ubi gentium = where in the world ? 
lit., where of nations ? ; eo miser arium = to 
such a pitch of misery ; and even ad id temporis, 
to that point of time. 

Note, (a) The whole of the city = tota 
urbs (not totum urbis) ; all of us = nos omnes — 
i.e., we all. For in these instances we are not 
dealing with a part. 

(b) It is equally good Latin to say “ viginti 
e suis servis misit ” as to say “ viginti servorum 
misit .” 

3. Quality or Definition. This is very like 
the ablative of quality, and the substantive 



in the genitive is always accompanied by an 
adjective : homo inf mi generis = a man of the 
lowest race ; vir sumnuie fortitudinis ~ a man 
of the highest courage ; pusr sedecim annorum , , 
a boy of sixteen years. 

4. Price. Used especially with verbs of 
Valuing and Esteeming ; confined to pluris, 
minoris, tanti, quarUi (and their compounds), 
rnagnu maximi , parvi , minimi (probably through 
nonfusion with the old locative, which was the 
case used in expressions of value) — e.g., Parvi 
sunt forifr'arma, nisi est consilium domi = of 
little value are arms abroad, unless there is a 
policy at home. [An old form nihili is used in 
this connection.! 

5. The genitive is used after verbs and 
adjectives signifying power and impotence, 
innocence, condemnation, acquittal, memory 
and forgetfulness, and compassion— e.g., Parri- 
cidii eum incusat he taxes him with parricide. 
Alii reminiscerUes veteris famae, aetatis misera- 
hantur — others remembering their former re- 
nown, pitied their age. Capitis (or Capite) 
damnaius est ~ he was condemned to death. 

[For the genitive of the object exciting mental 
emotion after certain Impersonal Verbs, see 
next' lesson.] 
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, - 4 : ^, hat is harder than a rock ? What w 
softer than a wave ? 

IW ^a'T 1 come 8uch a pitch of boldness 
that ( ut ) he was unwilling to obey the general. 

a StatB those who have no 

ay ’ t .° whom ther ® no resources) 
envy the good (citizens). 

of'i'roy (a/>Urf) Vt ' rgil 1084 ab ° Ut the taking 


Key to above Sentences. 

1. Numtu mei similem putas esse aut tui 
aeum . Profecio non putas. Quid ergo? 

» olem dicam aut huvvm aut cashrai deum v 
Minimo vero. 

2. Cur non emptis (abl. after fruor), 
irueris ? Quod (or quia), maximi (or maximo). 


3. Mihi persuasum est ut decern dies apud 
Ciccronem manerem. 

4. Quid est durius saxo, quid mollius unda ? 

5. Eo audacia? venerat ut imperat-ori parere 
nolle t. 

0. Semper in civitate, quibus opes nulltv 
sunt, bonis invident. 

7. Apud Vergilium de capta Troja legimus. 


Section IIT. TRANSLATION. 


Subjective Genitive and Objective 
Genitive. Such a phrase as “ the love of 
God,” is capable of two meanings. (1) God’s 
love for us, in which case “ of God ” is 
subjective genitive ; (2) Our love for God, 

when “ God ” is objective genitive. In other 
words, if the genitive represents the subject of 
a verb it is subjective ; if it represents the object, 
it is objective. Both of these genitives may 
be combined in a single phrase : f Helvetiorum 
injuriae populi Romani — the wrongs done by 
the Helvetii (subjective) to the Roman people 
(objective). 

Sentences to be .turned into Latin. 

[There are no actual words for Yes and No in 
Latin. An affirmative answer is expressed by 
etiam, ita , factum , vero, verum , sane, ita vero , 
ita est, sane quidem , etc., or by the proper 
pronoun, as ego vero ; or by the verb repeated 
in the proper person — e.g., sentio. A negative 
answer is expressed by non minime , minime vero ; 
or with the pronoun, minime ego quidem ; or 
with the verb, non sentio. When the contrary 
is asserted by way of reply, we have immo , 
immo vero , “ No, on the other hand,” “ Nay 
rather.”] 

1. Do you think (begin the question with 
Num) God to be like me (genitive, after 
similis), or you ? Certainly you do not think 
so. What then ? Am I to call the sun or the 
moon or the sky God ? No, assuredly not. 

2. Why do you not enjoy what you have 
bought (say “ the bought things,” perf. ptc. 
pass, of emo) ? Because I have bought them 
very dear. 

3. I was persuaded to remain ten days at 
Cicero’s house. 


Put into English : 

Si linguis hominum loquar et angelorum, 
earitatem autern non habeam, factus sum aes 
resonans aut cymbalum linniens. Et si habeam 
prophetiam et noverim mysteria omnia, om- 
nemque cognitionem, et si habeam totam fidem, 
adco ut montes transferam, earitatem autem 
non habeam, nihil sum. Et si insumam alendis 
eyeni8t a> omnia qua? mihi suppetunt, et si tradam 
corpus meum ut comburar, earitatem autem 
non habeam, hoc nihil mihi prodest ib> . Caritas 
iram cohibet, benigna est caritas, non invidet 
caritas, non agit perporam, non inflatur : non 
agit indecore, non qua?rit quae sua sunt, non 
exacerbatur, non eogitat malum. Non gaudet 
injustitia, gratulatur autem veritati; omnia tegit, 
omnia credit, omnia sperat, omnia sustinet : 
caritas nunquam excidit : sed et prophetioe 
evanescent, ot linguae cessabunt, et cognitio 
evanescet. Ex parte enim cognoscimus, et ex 
parte prophetamus. Postquam autem advenerit 
quod porfectum est, tunc quod est aliquatenus, 
ntf v) inutile, tolletur. Quum essem infans, ut 
infans loquebar, ut infans sapiebam, ut infans 
ratiocinabar : postquam autem factuB sum 
vir, ut inutilia sustuli ld> qua? infantis erant. 
Cemimus enim nunc per speculum et per 
senigma, tunc autem coram cememus : nunc 
novi aliquatenus, tunc vero amplius cognos- 
cam, prout amplius edoctus fuero. Nunc vero 
manet fides, spes, caritas, tria haec : maxima 
autem harum caritas. 

Notes, (a) dative of gerundive = for feeding 
the needy. 

(6) from prosum , prodesse , profui. 

(c) Ut with indie., or used without a verb, 
means “as.” 

(d) perfect of tollo (borrowed from suffero). 

[For English of the above, see 1 Cor. xiii.] 


Continued 
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VERBS— eofttinued. 

COMPLETE CONJUGATION Of THE 
VERB w TO SEE.” 

Aethre VMct. — lnflAtthre Mood. 

Present Indefinite ; (To) see 
Present Incomplete : (To) be seeing 
Perfect : (To) have seen 
Continuous Perfect : (To) have been seeing 

Participles. 

Incomplete : Seeing. Perfect : Having seen 
Continuous Perfect : Having been seeing 

Indicative. Mood. 

Past. Present. Future. 

Indefinite . 

T saw I see I shall see 

(or, did see) (or, do see) 

Incomplete . 

I was seeing I am seeing I shall be seeing 
Perfect. 

I had seen I ha ve seen I shall have seen 

Continuous Perfect. 

I had been I have been I shall have been 
seeing seeing seeing 

Imperative Mood. 

Singular : See (thou). Plural : See (ye) 
Subjunctive Mood. 

Past. Present. 

Indefinite. 

I saw I see 

I should see I may see 

I might see 

Incomplete. 

I were seeing I be seeing 

I should be seeing I may be seeing 

I might be seeing 

Perfect. 

I had seen I have seen 

I should have seen I may have seen 

I might have seen 

Continuous Perfect. 

I had been seeing I have been seeing 

I should have been seeing I may have been 
I might have been seeing seeing 

Passive Voice. — Infinitive Mood. 

Indefinite. Perfect. 

To be seen To have been seen 


Participles. 

Indefinite : Being seen. 

Perfect : Seen, or having been seen. 


Indicative Mood. 


Past. 

I was seen 

T was being 
seen 


Present. Future. 

Indefinite. 

I am seen I shall be seen 
Incomplete. 

I am being I shall be being 
seen seen 


Perfect . 

I had been I have been I shall have been 
seen seen seen 

(No Continuous Perfect in the Passive.) 


By Gerald K. Hibbert, JAA.J:; 

I mpsmti vo M o od . 

Singular ; Be (thou) sedtt , 

Mural: Be (ye) seem 

Subjunctive Mood. 

Past. Pkwott. 

Indefinite . 

I were seen I be seen 

I should he seen I may be sqpn 

I might be seen 

Incomplete. 

I were being seen I be being seen 

I should be being seen I may be being seen 
1 might be being seen 

Perfect. 

I had been seen I have been seen 

I should have been seen I may have been 
I might have been seen seen 
The four simple tenses of the Active Voice are 
now given in full : 

Indicative Mood. 

Past Indefinite. Present Indefinite. 

I saw We saw I see We see 

Thou sawest You saw Thou seest You see 

He saw They saw He sees They see 

Subjunctive Mood. 

Past Indefinite. Present Indefinite. 
(Same as Indicative. ) I see We see * 

Thou see You see 
He see They see 

The Compound Tenses are conjugated exactly 
like the corresponding tenses of “ be ” and 
“ have,” except those tenses of the subjunctive 
containing may, might , and should. These will 
be dealt with below. 

Impersonal Verb*. In such expressions 
as “ it thunders,” “ it hails,” “ it behoves,” 

“ it seems,” the subject is general and undefined. 
The it does not represent any definite noun as 
the subject. In “it thunders,” for example, 
there is no particular it that is thundering : we 
simply mean “ there is thunder somewhere.” 
These verbs are therefore called Impersonal , 
there being no person expressed or understood 
as subject. They are always in the third 
person singular, though, of course, they can be 
of different tenses — e.g., it thundered , it will 
hail. While it is usually employed as the 
grammatical subject of such verbs, occasionally 
there is no subject expressed at all: as, me- 
thinks ( = it seems to me), meseems, maybe ; 
also, if you please, which strictly means if it 
please you , it being subject and you object. 

Auxiliary and Notional Verba* If 

we compare the sentences “ I have lost six* 
pence” and “ I have sixpence,” we see a great 
difference in the two uses of have. In the first 
sentence it has no meaning of its own, but simply 
“ helps ” to form the Present Perfect tense of 
“ lose.” In the seoond sentence, it has a mean- 
ing of its own, namely, “I jpossess.” In the 
first case it is an Auxiliary (helping) Verb, in 
the seoond a Notional Verb (sometimes called 
Principal). The same applies to shall, will 
may, do, be — e.g., “I shall go to-morrow*' 
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property was willed to me by my uncle,” 
It is not of him that wiUcth, nor of him that 
runneth,” etc. (Romans). 

The past indicative would is used as an 
auxiliary only in reported (or indirect) speeoh, 
to take the plaee of will in direct speech — e.g., 
He will come soon ” ( direct ) ; “ He said that 
Defective Verhft. All the above- he would come soon ” (indirect). 
mentioned verbs (except have and he), when WiU is also used to express a customary or 
used ^auxiliaries, are " deficient ” in certain frequently repeated action— as : “ He will play 
tenses. They have no infinitive and no par- for hours,” “ When he was young, he would 

ticiples (e.a., we cannot say u to shall ” or spend^ whole days in the fields and hedge- 

“ shalling ,r ), and, therefore, have no compound rows.” 

tenses. Of course, when used as notional verbs, Won't comes from ml, an old form of will 

they are not neceaaarily defective. Thus, “to When mil is an auxiliary verb, it has no 

will” (meaning “ to resolve ”) has all the com- infinitive, no imperative, and no participles 

pound tenses, “ I have willed,” etc. (consequently, no compound tenses). 


•nd “ 1 m iM anat) do it ” 
Wore long” 
and my own way” 

v T M |t w*j he wet toJuomw (aux- 

iliary ), and 44 You*** (is., are permitted to), 
so ” (notional). ‘Do you think so? ” (auxiliary), 
2nd “What will you dot ” (notional). “ I am 
coming (awnfflatry), and 41 1 am a man ” (notional). 



1. DO. 

Infinitive Mood. 

Indefinite, (To) do ; Incomplete (or Imper- 
fect), (To) be doing ; Complete (or Perfect), (To) 
have done. 

Participles. 

Imperfect, doing ; Perfect, done ; 
Compound Perfect , having done. 

Indicative Mood. 

Pad Indefinite. Present Indefinite. 

I did We did I do We do 

Thou didst You did Thoudoest You do 
or dost 

lie did They did He doeth They do 
or doth 
or does 

When used as a notional verb, do is con- 
jugated in full ; but when as an auxiliary, only 
the present and past indefinite aro used (do and 
did). Doest ana doeth are only used in the 
notional sense — e.g., “ Doest thou well to bo 

phrases as “ That will do,” 44 How 
does this do?" the do is quite a different verb, 
meaning 44 to Buit, to avail ” (from Anglo-Saxon 
dwgan). We ought not to use did as the past- 
tense of this do, though we are constantly using 
phrases like 44 1 was anxious to see how it 
did.” 

2. WILL. 



3. SHALL. 

Indicative Mood. 

Past Indefinite. 

T should We should 

Thou shouldst You should 

He should They should 

Present Indefinite. 

1 shall We shall 

Thou Rhalt You shall 

He shall They shall 

Subjunctive Mood. 

Past Indefinite. 

I should We should 

Thou shouldcst You should 

or shouldst 

He should They should 

Present Indefinite . 

(None.) 

No Infinitive, Imperative, or Participles, 
whether used as auxiliary or as notional verb. 

The past indicative should is used as an 
auxiliary only in reported Bpeceh, representing 
shall in direct speech. 

Shall comes from Anglo-Saxon sculan- to 
owe, and hence arose the meaning of obligation — 
os: “He shall do it” 44 You should answer 
when your mother speaks.” When shall retains 
this idea of 44 obligation ” it is a notional verb ; 
used as an auxiliary, it Iosob this force. 

Both shall and will are followed by the 
infinitive without to — as : “ He will not come. 


Indicative Mood. 

Past Indefinite. 

I would We would 

Thou wouldflt You would 

He would They would 

Present Indefinite. 

I will We will 

Thou wilt You will 

or wiliest* 

He will, willeth*, They will 
or wills* 

Subjunctive Mood. 

Past Indefinite, I would, etc. (same as Past 
Indicative). _ 

(No Present Tense.) 

* The forms wiUest, willeth. and wills are not 
used when the verb is an auxiliary. When will 
means “ to exercise the will,” or “ to bequeath 


4. MAY. 

Indicative Mood. 

Past Indefinite. 

I might We might 

Thou mighteat You might 

He might They might 

Present Indefinite. 

I may We may 

Thou mayest You may 

or mayst 

Ho may . They may 

Subjunctive Mood. 

(Same as Indicative.) 

Might gets the g from the Anglo-Saxon form 
of may, which was maeg (German, mdgen). 

May has no infinitive, imperative, or par- 
ticiples ; and in its indicative mood it is never 
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auxiliary, but always notional — C.g., u ^ on 
may go” (i.e. “You are permitted to go"), 

“ The fish might be seen rising at any hour 
almost ” (i.e., it was possible to see them). In 
the subjunctive mooci, of course, it can be an 
auxiliary — e.g., “ We eat in order that we may 
live,” “ May it be so,” “ I am come that 
they might have life.” 

[There is a totally distinct verb “ to may,’ 1 
meaning “ to gather may- blossom.” This verb 
is fully conjugated in the active voice, as “ 0 
that we two weremaying.” Being intransitive, 
it has no passive.] 

We have now discussed all the auxiliary 
verbs, namely, be, have, do, will , shall, and may . 
The following three verbs, can, must, and 
ought, are sometimes called auxiliaries ; but 
thoy do not help to form any tense, mood, or 
voice of any verb. 

5. CAN. 

Indicative Mood. 

Posit Indefinite. 

I could We could 

'rhou oouldest You could 

or couldst. 

He could They could 

Present Indefinite. 

I can We can 

Thou canst You can 

He can They can 

Subjunctive, Mood. 

Past Indefinite . Present Indefinite. 

(Same as Indicative.) (None.) 

No Infinitive, Imperative, or Participles. 

Can is from an old verb cunnan , meaning “ to 
know ” (German, konnen). “ I can read ” 
therefore really means “ I know how to read ” — 
e.g., Lyndas , “ He knew to sing.” We have this 
meaning still preserved in “ to con,” and in the 
Scotch “ to ken.” “ Cunning ” is the old 
imperfect participle of this verb, and couth the 
past participle (cf. uncouth, which means 
unknown and therefore strange). 

As can originally meant “ to know,” it re- 
quired no infinitive — cf. Hamlet , “ They can 
well on horseback”; Lay of the Last Min- 
strel, “ Other prayer can I none.” Bacon even 
has “ not to can . 

The l of could does not belong to the verb ; 
it was inserted owing to a false analogy with 
should and would. It should strictly be spelt 
n Mud. 

Can is always a notional or principal verb — 
e.g., “ I can write ” (i.e., “ I am able to write 
“1 would if I could ” (i.e., “I would if I were 
able ”). To call such sentences examples of the 
“ Potential Mood ” is absurd ; in the first 
sentence can is a simple indicative, and in -the 
second, could is a simple subjunctive. 

[To can, meaning “ to put into a can ” is, of 
course, quite regular.] 

6. MUST. 

Like can, this is always a notional verb. It 
has no inflexions for tense or person, all the 
persons of each number of each of the two 
indicative tenses being alike must. It has no 
subjunctive, infinitive, imperative, or participles. 
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The old form of the present indicative WiS t 
I rrwt, Thou most. He mot , which shows that the 
.s does not strictly belong to the first and third 
persons singular. 

The past indicative must is used only in re- 
ported speech — e.g., “ I must go ” (direct speech, 
present tense), “Ho said that he must go 
(indirect, past tense, meaning “ that he was 
obliged to go ”). __ 


Ought iB the past indefinite tense of owe. 
Thus, in Shakespeare’s “ King Henry IV.” the 
hostess says, “He said this other day you 
ought ( = owed) him a thousand pounds.” It is 
now used as a present, in the sense of moral 
obligation, as “ 1 < ought to be a better man.” 

With both must and ought, to express a past 
tense the verb following requires to be in the 
perfect infinitive, as “ I ought to have done it at the 
time,” “ You must have enjoyed your trip.” 

Owe originally meant to own, to possess, as 
“ This is no mortal business, nor no sound that 
the earth owes ” (“Tempest”); “I am not 
worthy of the wealth I owe ” (“ All’s Well ”), 
and the modern adjective own is the past par- 
ticiple of this verb (“ Give me back ray own 
money ” means “ Give me back the money you 
possess for mo ”). 

Owe, “to be in debt,” is quite regular : 
I owed, I shall owe, etc. 


8. DARE (to venture). 

The third person singular of the present 
indicative is properly “ he dare,” not “ he 
dares.” The reason is that “ I dare ” is an old 
past tense, and is not really a present at all — 
e.g.. “Mine unworthiness, that dare not offer, 
etc.” (“ Tempest ”). We now use “ I durst ” as 
the past tense of dare , followed by the infinitive 
without to, as “ He durst not do it.” When 
dare is a transitive verb meaning “ to challenge," 
it is perfectly regular (past tense dared , as “ She 
flared him to come on ”). 

9. NEED 

When to need means “ to lack, to be in want 
of,” it is perfectly regular. But when it means 
“ to be under the necessity of doing a thing." 
the third person singular present indicative is 
often “ he need” not “ he needs,” as, “ He need 
not go just yet.” Contrast this with “ He needs 
brains” — i.e., “he lacks brains.” Not? that 
need 8 in sentences like “ Such things must needs 
be ” is an adverb. In the Authorised Version of 
the Bible the usual form of the third person 
singular present indicative is needeth. 

• 10. WIT (to know). 

Indicative Mood. 

Past Indefinite. 

I wist We wist 

Thou wist You wist 

He wist They wist 

Present Indefinite. 

I wot We wot 

Thou wottest or wost You wot 

He wotteth or wot They wot 

Present Infinitive — To wit. 

Present Participle — Witting or wotting (cf. 

unwitting, Milton unweeting). 
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M sampled : 

h j wa8 I did tViC thing you wot of ” (“ Two 
Oentlemen of Verona ”). 

1 My master wottoth not- what is with me in the 

‘house” (Genesis). 

'Ho that was healed wist not who it was (ht. 

John). , A . 

T } lis verb is hardly ever used now, except the 

infinitive to wit in the sense of “ namely,” “ that 
is to say,” representing the Anglo-Saxon gerund 
lo witanne, 

# 11. QUOTH. 


Quoth is the past tense of ewethan ( = to say- 
note the infinitive termination on). It is used 
only in th» tense, and only in the first and third 
persons singular. It always comes before its 
subject, as quoth he, and is used parenthetically 
for “ said £” “ said he.” Examples : “ Quoth 
the raven, ‘ Nevermore “ * To tame your 
fierce temper/ quoth she ” (Browning). 


12. ME-THINKS. 

This is not “ I think,” but “ it seems to me,” 
the me being dative or indirect object, and 
thinks being third person singular present indica- 
tive of thyncan - to seem. The only forms in use 
are me-thinlcs and me-thought. Milton has the 
form him thought — “Him thought, he by the 
brook of Cherith stood.” In “Richard III.,” 
Art iii. Scene 1, some read “ Where it thinks 
)>est unto your royal self.” 

13. LISTS. 

In me-li8ts = it pleases me , and him-listed , lists 
is an impersonal verb (cf. “ when and where 
likes [pleases] me best” — “ Paradise Regained ”). 


Last is also used personally, as “ The wind 
bloweth where it Jistrth," ‘‘ Whithersoever the 
governor lisfrfh. ” 

H. WORTH. 

This verb is used only in the third singular 
present subjunctive, expressing a wish, as, 

‘ Woe worth the day ” — “ May woe l>efall the 
day ” (day being indirect object or dative). It 
is from the old verb weorthan ~ to become 
(German, werden). 

15. HIGHT. 

Hight means “ was called,” “ was named. 1 ’ 
It is from an old verb hatan, “ to be named 11 
(German, heissen) — e.gr., “ That shallow vassal . . . 
hight Costard ” (“ Love’s Labour Lost ”1. 

16. DIGHT. 

This is past participle of dihtan = to deck, to 
adorn —e.g. : 

“ With their small feet purple-sandal’ d 

And their arms with bracelets digM." 

“ Who checks at me, to death is dight” 

(Marmion.) 

Exercise. 

Explain every should and would in the follow- 
ing : 

vShe would often say “ Would I were a man ! 
I should have been, for then I would have shown 
the world a lesson it would never forget.” I 
would reply that I should not attempt to argue 
with her lest she should get angry ; but I now 
often think that I should have done so. For 
perhaps I should have convinced her that it 
would not have been so easy. Should I, or should 
T not, I wonder ? 


Continued 
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By Louis A. Barbe, B.A. 


THE NOUN. 

Gender. 

'1. In French there are only two genders, 
masculine and feminine (le masevlin , It feminin.) 
The rules for ascertaining the gender of nouns 
are based on their meaning ot on their ending. 
Gruber according to meaning. 

\. Masculine. 

(,«) Nouns indicating males are masculine : 

If ; 8oldaty the soldleT ; le mar in, the sailor; 
le capitaine , the captain; le labour eur, the 
husbandman. 

Exceptions are : unt connoissance, an acquain- 
tance ; unt dupe, a dupe ; une per sonne, a person ; 
une victime , a victim ; and some military terms, 
such as: une sentineUe , a sentry; une recrue , 
a recruit, which are feminine. 

(b) The names of the days of the week, of the 
months, and of the seasons are masculine. 
They are : 

dimanche, Sunday. merer edi, Wednesday. 

lundi, Monday. jeudi, Thursday. 

mardi, Tuesday. vendredi , Friday. 

samedi , Saturday. 


janvier, January. 
jeirier, February. 
mars , March. 
avril, April. 
mai, May. 
juin , June. 
printemps, spring, 
ete, summer. 


juillet, July. 
aout , August. 
septembre, September. 
octobre , October. 
novembre, November. 
decembre, December. 

ttutomue, autumn. 
hiver, winter. 


The mid-month is formed by prefixing mt-, 
and in that case the noun Incomes feminine : 
la mi - janvier , la mi-atrfU. 

(c) The names of trees and shrubs are mascu- 
line: le c/iene, the oak; le hetre, the beech; 
le pommier, the apple-tree ; le rosier, the rose-bush. 

Exceptions are: une aubepine, a hawthorn ; 
la bruyere , heather ; la bourdaine, the black alder ; 
une hieble, a dwarf elder ; la ronce , the briar ; 
la vigne, the vine ; une yense, an evergreen oak, 
all of which are feminine. 


(d) The names of metals, minerals, gases, and 
chemical substances are masculine : le fer, iron ; 
le mercure, mercury ; V oxygens, oxygen ; le nitrate, 
nitrate ; retain, zinc ; le manganese , manganese ; 
le jais, jet. 
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Exceptions are: Vargilt , clay ; V agate, Mate; 
2a craw, ohaik ; lahouille , sea-coal ; la chaux, lime. 

(e) The names of colours are masculine : 
Zs rouge, red ; Ze 6Zew, blue ; Zc Wane, white. 

An exception is la sipia , sepia — e.g., itn dessin 
& la sipia, a sepia drawing. 

(/) Names of languages are masculine : le 
frangais , French ; V anglais, English. 

(g) Names of weights and measures (in the 
decimal system) are masculine: It mitre, le 
litre. 

Exceptions : Some of the old names that are 
occasionally used, particularly for the literal 
translation of English weights and measures, 
are feminine : 

une aune, an ell. une lime , a pound. 

une brasse, a fathom. une once , an ounce. 

une coud.ee, a cubit. une pinte , a pint. 

une lieue , a league. une quarte , a quart. 

(h) The points of the compass are masculine : 

le nord , north. Vest, east. 

le sud , south. Vouest , west. 

(i) The names of mountains are masculine, 
except in some plural forms, as : les Alpes , les 
Pyrenees, les Vosges, les Cevennes , which are 
feminine. 

(j) AU words belonging to other parts of 
speech are masculine when used as nouns : le 
sublime, un sixiime (one-sixth), le manger et le 
boire (eating and drinking), les mais et les si 
(but’s and if’s). 

2. Feminine. 

(a) Nouns indicating females are feminine : 
la mire, the mother ; la sccur , the sister. 

Exceptions : The following nouns remain 
masculine even when applied to women : 
un amateur, a lover or un peintre , a painter, 
fancier (of animals, un philosophe , a philo- 
art, etc.). sopher.' 

un ange, an angel. un possesseur, a pos- 

un artisan , an artisan. sessor. 

un auteur, an author, un poete , a poet. 
un censeur, a censor. un projesseur, a pro- 
un chef, a chief. fessor. 

le defenseur, the de- un sauveur, a saviour. 

fender. le successeur, the suc- 

un docteur, a doctor. cessor. 

Vecrivain , the writer. le ternoin, the witness. 

Vimposteur, the im- un traducteur, a trans- 
postor. lator. 

un partisan, a partisan, un tyran, a tyrant. 

(b) Abstract nouns, the names of arts, science, 
professions, virtues, and vices, are feminine : 

la sagesse, wisdom. la chimie, chemistry. 

la peinture, painting. Za chariti, charity. 

la poisie, poetry. Vavarice, avarice. 

The following, all of which are masculine, are 
exceptions to this rule : 
le courage, courage. VorgueU , pride. 

le des8in, drawing. le peche, sin. 

le jeu , gambling. le plaisir , pleasure. 

Zc mensonge , lying. le vice, vioe. 

le mirite, merit. le zile, zeal. 

Note. The gender of most words included in 
both the rule and the exceptions can also be 
determined by their endings. 
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(c) The names of diseases and aflma n ta ate 

feminine: la toux, cough; Za fibre, fever; 

la rougeole, measles ; la petite vbrok, small-pox ; 
une migraine, headache ; la coquduche, whooping- 
cough ; la grippe, influenza ; Za goutte, gout. 

Exceptions are : le choUra, cholera ; un rhume, 
a cold ; le rhumatisme, rheumatism ; le typhus, 
typhus. 

(d) The names of fruits are feminine : lapomme, 

the apple ; la cerise, the cherry ; la prune, the 
plum ; la poire , the fear. ^ 

Exceptions are : un ananas, a pineapple ; 
le brugnon, the nectarine ; un abricot, an apricot ; 
un coing, a quince ; un citron , a lemon ; des cassis, 
black-currants ; un raisin, a grape, all these 
being masculine. 

( e ) The names of festivals and saints’ days 
are feminine, even when the saint’s name is 
masculine: La Toussaint, All Saints’ Day; 
L 7 Saint- Michel, Michaelmas. 

An exception is le Noel , Christmas. 

Gender according to Termination. 

1. Masculine. 

(a) Nouns ending in b, c, d, g, l, p, q , or 2 
are all masculine : 

le plorrib, lead. le baril, the barrel. 

le bao, the ferry. le coup , the blow. 

le bord, the edge. le coq, the cock. 

le rang, the rank. le nez, the nose. 

(&) F is a masculine ending, except in la clef, 
the key ; la nef, the nave ; la soif, thirst. 

(c) M is a masculine ending, except in la 
faim , hunger, and the place name Jerusalem. 

(d) N is a masculine ending except in la fin, 
the end ; Za main, the hand. 

(e) R is a masculine ending, except in la 
chair, flesh ; la cour, court, courtyard ; la 
cuiller, spoon ; la mer, sea ; la tour, the tower. 

(/) S is a masculine ending, except in la brebis, 
sheep (ewe) ; Za fois, time (as in une fois, once = 
one time) ; la souris , mouse ; Za vis, screw. 

(g) T is a masculine ending, except in la dent, 
tooth ; la dot , dowry ; la forit, forest ; Za gent, 
race ; la hart, halter ; la nuit, night ; la part, 
share. Jument, mare, is the only word ending in 
ment that is feminine. 

(h) X is a masculine termination, except in 
la chaux, lime ; la croix, cross ; la faux, scythe ; 
la noix , walnut ; la paix , peace ; Za perdrix, 
partridge ; Za poix, pitch ; Za toux, cough. 

(i) A is a masculine ending, except in some 
names y of dances, as la polka, polka. 

(;) E (not preceded by t) is a masculine ending, 
a*3 le thi, le cafe . 

(k) I is a masculine ending, except in la 
fourmi , ant ; la- mer d, mercy ; une apris-midi, 
afternoon. 

(l) 0, which only occurs as final in V echo, echo, 
is a masculine ending. 

(m) U and on are masouline endings, except 
in la bru, daughter-in-law ; la glu, birdlime ; 
Za tribu, tribe ; Za vtrtu, virtue. 

(n) Eau is a masouline ending, except in two 
words, Teau, water ; la peau , skin. 

( o ) is a masculine ending, except in la foi, 
faith ; la loi, law ; la paroi , partition wall. 
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except » njrwlng up of the loe, and, 

figuratively, downfall 

(q) Norm* ending in age, ige and ige are 
masculine, except to cage, cage ; 2a nape, swim- 
ming ; 2c pla/e, chare ; la rage, rape and rabies ; 
fc page, page (of a book) ; t me mage, image ; 
uneaJUge, a lighter; la tig t, stalk. 

(r) Nouns in awne axe masculine, except la 
paume, palm (of the hand), tennis. 

(a) Npuns in aire are masculine, except une 
affaire, affair ; la drculaire, circular ; la chaire , 
pulpit ; la poire, pair ; aire, area. 

(<) Nouns in acme and seme are all masculine. 

(u) Nouns in dtre, itre, isle and ogue are 
masculine, except la martitre, stepmother ; une 
huitre, oyster ; la nitre, window-pane ; la piste , 
track ; la txyue, vogue ; une tglogue, eclogue. 

2. Feminine. 

(a) Nouns ending in mute e preceded by e are 
feminine, except a few proper names, such as 
Amedie, Persie, and words in which ie represents 
eum, as la muste, museum ; la Oolisee, ColosBeum. 

(b) Nouns ending in mute e preceded by i ot u 
are feminine, except le genie , geniuB ; un incendit, 
fire ; le parapluie, umbrella. 

(c) Nouns ending in mute e preceded by a 
double consonant are mostly feminine. The 
chief exoeptionB are le beurre , butter ; le lierre , 
ivy ; le parterre, flower-bed, also pit (in a 
theatre) ; le tonnerre , thunder. 

(d) Nouns in ade and ude are feminine, except 
le grade, grade, degree ; le camarade , comrade ; 
un interlude, le prelude . 

(e) Nouns in ure are feminine, except un 
augwre, augury ; le murmure, murmur ; le par- 
jure, perjury and perjurer ; and words belonging 
to the terminology of chemistry, as le cyanure, 
cyanide. 

(/) AH nouns in aiUe and ouiUe are feminine. 

(g) All nouns in ette are feminine, except le 
squdette, skeleton. 

(h) All nouns in once, ense, and ence are 
feminine, exoept le silence. 

(t) Nouns in U are feminine, except le c6te, side ; 
le comiti, committee ; le conUe, county ; ete, 
summer ; en pdti, a pasty ; un traite , a treaty, also 
treatise ; and a few more not of frequent use. 

{j) All nouns in tion are feminine, with the 
one exception of le bastion , bastion. 

(k) Nouns in aison are feminine. 

(l) All abstract nouns in eur are feminine, 
exoept Vhonneur, honour ; le labeur, toil ; le bon - 
heur, happiness ; le malheur, misfortune. 

Double Gende a. 

Some words that are spelt alike differ in mean- 
ing according as they are masculine or feminine. 
Of Buoh words the following occur frequently : 
le crime, crape. le mode, mood, 

la crepe, pancake. la mode, fashion, 

le livre, book. le mousse, ship-boy. 

la Hurt, pound. la mousse, moss. 

le moment, handle. le page, page (boy). 

la manche, sleeve, la page, page (of a 

le mSmoire, memo- book). 

random. le pendule, pendulum, 

la m&moire, memory, la pendule. , timepiece. 


LANOUAftta-MifttH 

¥ poSte, stove, pall. la tour, tower. 

« poUt, frying-pan. le vase, vase. 
y poste , post, station, la vase, ooze, mud. 
to poste, post-office. le vapeur, steamboat 
, 80fn7n e, nap. la vapeur, steam. ’ 

to somme, sum. le voile, veil. 

le tour, turn, trick, tour, la voile, sail. 

Exercise V. 

Vocabulary . 
annee (f.), year, (a-ney) 
arbre (m.), tree. (ar*br) 
arbrisseau (m.), shrub, (ar-brtis-so) 
fleur (f.), flower, (fter) 
fruU (m.), fruit. (fru-&) 
legon (f.), lesson, (leh-son? ) 
mots (m.), month, (nwcab) 
neige (L), snow, (nayj) 
eaisen (f.), season. ( say-zm *) 
derribe, behind. (der-r&-err ) 
premier (m.), first. (pr#-m#-ey) 
premibe (f), first. (pre-m<¥-err) 
quatre, four. (WUr) 

1. There are four seasons; [ibel Bpring, 
\>he] summer, (the} autumn, and [the] winter. 

2. Spring is the first season of the year. 

3. Winter is not the season of [tbe] flowers. 

4. In {en) summer there is no Bnow. 5. The 
month ot December is one of the months of 
winter. 6. The apple is the fruit of the apple-tree. 

7. The briar has no fruit. 8. The oak is a tree, 
[the] heather is a shrub. 9. There are a beech 
and a hawthorn behind the house. 10. He has 
a plum, she has an apricot, and we have some 
cherries. 11. There is a bird in the cage. 
12. The children are on the shore. 13. The 
brother and sister have the measles. 14. I have 
a headache. 15. Lying is a vice. 16. The 
sentry is not a recruit. 17. There is a picture 
on the first page of the book. 18. I write with 
chalk. 19. The sailor and the cabin-boy love 
(aiment) the sea. 20. The end of the lesson. 

KEY TO EXERCISE IV. 

1. Le papier du livre. 2. Le h6ros de 
l’histoire. 3. Le haut de la maison. 4. Le 
crayon de l’enfant. 5. Voilk la plume. 
6. Voilk la rdgle. 7. L’enore est dans l’encrier. 
8. L’encrier est sur la table. 9. II y a un 
encrier sur la table. 10. La hauteur de la 
maison. 11. II y a un livre, un encrier, un 
buvard, une r&gle et un cahier sur la table. 
12. De la chaise a la table. 13. Le pbre et la 
mkre sont dans la maison. 14. La charite est 
une vertu. 15. Le fer est un m£taL 1 6. L’homme 
a un frere et une sceur. 17. Les enfants ont 
des grammaires. 18. Voilk le livre d’un des 
enfants. 19. J’ai parle aux enfants de la femme. 
20. J’kcris au frkre et k la sceur., 21. J’ai des 
crayons. 22. Elle n’a pas d’encre. 23. Vous 
avez besoin de plumes et de papier. 24. II a 
de bons livres. 25. Vous avez des crayons et 
du papier ; nous n’en avons pas. 26. Vous avez 
de bonnes plumes. 27. Le pkre de 1’ enfant a 
une maison. 28. Voilk le pkre de l’enfant. 
29. Elle a besoin d’encre et de papier. 30. L’or 
et l’argent sont utiles aux hommes. 31. Les 
enfants n’ont pas de patience. 32. La patience 

est une vertu - Continued 


A further instalment of the Gkrmax Course appears In Part VII. of the Self-Educator 
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The Foxglove* In many 

o! the km specialised flowers the chances of 
cross end self-pollination are about equal, while 
some of the more inconspicuous forms rely very 
largely upon the latter, as, for example, chick- 
weed {Stellariz media), and the smaller kinds of 
wild geranium. And a very large proportion even 
of irregular specialised flowers are self -pollinated 
as a sort of hut resort. A good instance of this 
is afforded by the foxglove ( Digitalis purpurea), 
for in {he last stage of flowering, should humble- 
bees nave failed to visit it, the purple corolla 
falls off and drags the pollen-covered anthers 
over the stigma. 

In the daisy and 
dandelion order 
( Composite ) 
there is a pretty 
arrangement 
which may be* 
illustrated by 
sunflower {Heli- 
a n thus annuus). 

Here the central 
disk-florets pass 
through the 
following stages 
1 106, read from 
left to right]. 

The anthers are 
united into a 
hollow cylinder, 
into which the 
pollen is shed. 

From this it is 
pushed out by 
the two stigmas, 
which are pro- 
vided with 
sweeping hairs 
foT the purpose, 
hut, being 
pressed close to- 
gether, are not 
self - pollinated. 

This pollen is 
more or less 
carried off by 
insects. The 
stigmas now di- 
verge, laying 
themselves out 
to receive pollen 
from another flower. 


Failing this, they curl 
back, and are self-pollinated by some of the 
grains which reman clinging to the sweeping 

b There are some specieB which go still further, 
for in addition to the ordinary flowers they 
produce small bud-like ones, which never 
open, and fertilise themselves with their own 
pollen. Such flowers are easily Jo be seen 
on the dog-violet {Viola camna) J129] to 
wards the end of summer, at the time when 
the fruits produced by the ordinary 


con- 
spicuous flowers are ripe. The wood sorrel 
{bxalis acetosella) is another example of the 
same kind. 


NATURAL HISTORY 

DISPERSAL OF SEED-PLANTS 

We have now considered in some detail the 
means by which the continuance of the species 
is effected. But as plants are not able to move 
about actively, it is necessary that there should 
be some provision for dispersal of their offspring, 
so that some at least of them may be able to 
fad a suitable spot where they can grow up. 

Certain species actively disperse themselves, 
while others are scattered by water, wind, or 
animals. 

How the Plants form Colonies. 

There are many plants which send off more 
or less hori- 
zontal branches 
below or above 
the ground, 
from the nodes 
of which roots 
grow down and 
shoots grow up, 
so that a sort of 
colony is pro- 
duced, with 
members which 
may be arranged 
in a row or in a 
cluster. The 
cases of , the 
sand sedge 
(Carex arenaria) 
and strawberry 
{Fragaria vesca) 
have been 
spoken of else- 
where. O th e v 
familiar ex- 
amples with un- 
derground stems 
are mint {Men- 
tha), millef oil 
{Achillea mille- 
folium), reed 
{Phragmit es 
comm u nis), 
couch - grass 
{Agropi/rum re- 
pens), stinging 
nettle {Urtica 
dioica 1, butter- 
bur {Petasites 
officinalis), and 
coltsfoot ( TU88 % - 
logo Farfara). The last four are well-known 
weeds which it is very difficult to eradicate, 
owing to the way in which their numerous 
underground stems tunnel through the ground. 

A variation on the arrangement just described 
is seen in tuberous plants such as the potato 
{Solanum tuberosum), where underground 
branches swell up into tubers from the 
“ eyes ” or buds of which new plants arise. 
If forms such as these are left to themselves, 
clustered colonies will soon be produced. 

The dark-green rings in pastures with which 
we are familiar in this country are mostly formed 
by toadstools, which spread outwards from a 
centre, exhausting the ground as they do so. 



134. CLEMATIS 135. ECHIHOCACTUS 

Photographed hy PtoL B. H. Bentley 



■ /WmUWSS. HIITOinr 

TW*s «tm ^o«rcrnr, aotte aMd<pk*ta to *Uto, 


wo w wi o wwiti to wwwwuw, WD( 1 U| «en|$ «w 

«h» toe tom oi ohfer mm tod of toe «dony 
gtoli to Oawe ooccpfed toe mid dle of toe yrt ch. 
'Dn Smtot ton we twdhto wnneed to 

.1^.^. . JfL'ttLi. Ml.T i? ulimi Xnir^n 1 j4- 

OOtoiPOCMMqr BOOtttar nOMing ilWBr IHtQBBigl™ XC VP*» 
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within the Tings formed by * kind of grim 
(SesUria emrulen}. 

Plants which Sow ihoir Own Sands. 

There is a kind of clover (Trifoliwn subterraneum) 
in which the pods produced on the lower part of 
the plant bend down towards the ground, into 
which they are forced by the growth of the 
branches that bear them. While in a kind of 
vetch (Vida amphicarpa ] ), native to South 

“ised 


4fo poppy IiSH» ph^ i^mn^ 

foxg^ a W kgwi # opens to t 

form a m® or hoto-pterced capnde, anditts : ( ; 
the seeds which are shot osh / ^ • 

nipping fndt* include oases whflre feuite 

ass exoeemagly smooth, sad are ptoehed by 
contractmg parts of the open fruit so as to tie 
flipped te some distance, just as orange-pips 
can be shot from between the thumb and fore- 
finger. An easily-observed instance is that of 
dog-violet (Viola canina), where the .capsule 
splits into three parts, within each of which axe 
two rows of shining seeds 1141]. 

The Coco-nut Palm's Sea Voyage. 

The dispersal of plants by water is the method 


and borne on underground shoots. 

Some detached fruits bury themselves in the 
ground. That of storksbill (Erodium), for 
instance, possesses a spirally twisted awn, which 
uncoils when moist, and pushes the fruit into 
the earth [180]. 

The fruits of a number of plants are in a state 
of tension when ripe, and finally open or split 
suddenly in such a way as to eject the seeds to 
a considerable distance. One of the commonest 
examples is afforded by broom (Sarotkamnus 
scoparius) t the flat, black pods of which may often 
be heard exploding in late summer, the two 
halves curling up so that the seeds are scattered 
in all directions [186]. A similar case iB that of 
balsam (Impatient noli-me-tangere), the ripe 
capsules of which split into four twisting strips 
at the least touch, with the same result [181]. 
The seeds of wood sorrel (Oxalis acetoseUa) sud- 
denly fly out from the mature capsule, owing to 
the rapid swelling up of a layer of the seed- 
coat, which iB in a state of compression. The 
squirting cuoumber (EcbaUium elaterium) of 
South Europe presents us with a different kind 
of mechanism, for when ripe, it is, so to speak, 
over-full of fluid, and, as a result, the stalk is 
suddenly forced off and the seeds squirted 
out [187]. 

How Seeds Spread Over the Earth. 

Sling fruits resemble some of the preceding 
in certain respects, but owe their name to the 
way in which the seeds are propelled. In the 
marsh cranesbill or geranium (Geranium palustre ), 
for example, each of the five oompartments of the 
fruit is continued into an elastic fibre running 
up the beak like a prolongation, which has 
suggested the popular name. The compart- 
ments with their fibres ultimately curl up sud- 
denly, owing to the elasticity of the latter, and 
the seeds are flung for a considerable distance 
[138]. 

In many catapult fruits , the ripe seeds, or, 
it may be, parts of the fruit, are contained in 
an open cup, and get thrown out by the quick 
recoil of the very elastic stems and flower -stalks 
when these are moved by the wind or brushed 
against by animals. In wood-sage (Teucrium) 
and other members of the deaa-nettle order 
( Labiates ) this oup is the calyx, in which the 
little separate divisions (nutlets) of the fruit 
are contained [188] ; while in various species of 


plants which live and ripen their fruits in 
running water, but the method is not limited 
to them alone, for it may occur in some 
land forms. A notable case is that of the 
coco-nut palm, the fruits of whioh are invested 
in a thick fibrous husk, entangling hair, and 
covered with a tough skin. They may be 
carried for thousands of miles by ocean cur- 
rents' without getting water-logged or losing 
their power of germination, ana it naturally 
follows that this palm is one of the commonest 
forms of vegetation in the coral islands of the 
Pacific. 

The name roses of Jericho was applied in the 
Middle Ages to two plants native to the steppes 
of south-east Asia and North Africa. One of 
them (Anastatica hierochuntica) [142] belongs to 
the wallflower order (Crucifer ce), and, when its 
fruits are ripening during the dry season, the 
branches curl over them so as to give a remote 
resemblance to a rose that has not yet opened. 
When the rainy season sets in, the branches 
spread out, the fruits open, and the seeds are 
washed out. 

Plant* Dispersed by the Wind. 

Some of the plants native to the steppes 
of Russia and South-west Asia form a rounded 
branching mass, which is easily detached from 
the root at the time when the fruits are 
maturing, and gets rolled like a ball along 
the ground by the wind. A good example 
is a species of plantain (Plantago cretica), 
and there are a good many others. As great 
numbers of such plants often stick together 
to make up a very large and increasing mass, 
which may at times be caught up into the air, 
they have become objects of superstition, and 
have given rise to legends of wind or steppe 
witchas. Other species growing in similar 
localities produce round and very light fruits, 
which are easily blown along the sunaoe of the 
ground for great distances. 

There are some plants whioh 'produce in- 
numerable flattened seeds of such small size 
that they can be blown about like grains of dust. 
Orchids afford the best example, and it is easy to 
see how the tropical members of the group get 
dispersed among the branches of the trees where 
they mostly grow. For an extreme case, it has 
been calculated that over 80,000 seeds only 
weigh 1 grain (4374 grains = 1 oz. avoirdupois). 
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NATURAL HISTORY 

. In a large number of trees, tall shrubs, and 
herbs, the fruits or seeds are provided with 
membranous expansions which are easily caught 
by the wind. The “ keys " of maple, sycamore 
[148], ash [144], and elm [146] are common ex- 
amples of winged fruits, while in hop, lime [146], 
ana hornbeam [147] a bract serves as a sail. 

The Scotch pine (Pinus sylvestris) and Abies 
will serve as good examples of winged seeds [182]. 

In many members of the dandelion order 
( Compositas ) the calyx is transformed into a 
beautiful crown of hairs (“ pappus ”), which 
serves as a parachute. The dandelion itself 
( Taraxacum officinale) is a particularly instruc- 
tive example. While the head of crowded 
yellow florets is maturing the stalk is short 
and near the ground, but it elongates and 
stands erect when the florets open to attract 
insects. Pollination and fertilisation accom- 
plished, the stalk moves down so that the 
fruits can ripen in comparative safety close to 
the earth. When they are ripe the stalk once 
more becomes vertical, the crowns of hair 
spread out, and the fruits of the “ dandelion 
clock ” are blown hither and thither by every 
wind that blows. Equally familiar and of the 
same nature is “thistledown,” while the 
parachutes of goatsbeard (Tragopogon) are 
noticeable on account of the extreme beauty 
of the feathery hairs which compose them [188]. 
The elegant fruits of clematis [184] are also 
wind-dispersed. Of tufted seeds it may suffice 
to mention willow ( Salix ) [148], cotton (Gossyp- 
ium), and willow herb (Epilobium) [140]. 

The Ant as a Farmer. The chief 
groups of animals which unconsciously assist 
plants to colonise in favourable places are 
insects, birds, and mammals. 

In warmer climates than our own there are 
several species of ants which may almost be 
described as farmers, since they collect and store 
various grains and seeds for consumption during 
hard times! A certain proportion of these must 
frequently escape being eaten and have the 
opportunity of growing up into young plants. 

A vory extraordinary case is afforded by the 
seeds of violets and pansies, each of which 
possesses a small fleshy knob (caruncle), which 
serves as a sweet and toothsome food that 
appeals to the taste of oertain ants [160]. They 
are thus tempted to carry off these seeds, which 
remain quite uninjured when their little knobs 
have been gnawed away, and germinate if 
surrounding conditions are favourable. 

The earth which often clings to the feet and 
feathers of birds, especially those which seek 
their food in damp places, often contains large 
numbers of small seeds, which thus stand a 
chance of getting carried to snots where they 
may successfully germinate ana grow up. But 


a more frequent and more important case is 
that of succulent fruits, such as grapes, sloes, 
. and a large assortment of berries, which attract 
birds by their often brilliant colours and minister 
to their appetites. In suoh fruits we find that 
the seeds are commonly protected by strong 
coverings, which escape the processes of digestion 
and are voided in a fit state for germination. 

How Plants Distribute their Fruit. 

Many of the brightly coloured edible fruits of 
hot climates appeal to monkeys as fnuch as 
birds, and thus get their seeds distributed in 
similar fashion. We also find a great variety 
of fruit and seed upon plants of low stature, 
provided with devices of various kinds by which 
they are enabled to cling to the coats of their 
unconscious friends. 

It has been estimated that some 10 per cent, 
of all flowering plants produce fruits provided 
with hooks or spines by which they easily get 
attached to fur or hair. Familiar examples 
among our native plantB are burdock (Arctium 
lappa) [161], agrimony ( Agrimonia eupatoria ) 
[162], avens ( Oeumurbanum ) [168], and cleavers 
or goose-grass (Galium aparine). Some arrange- 
ments of the kind possessed by foreign forms 
are of truly formidable nature, such as the 
strong curved hooks of martynia [164], native 
to Louisiana, and the numerous formidable 
claws of harpagophyton [166], a plant which 
flourishes in South Africa, and is said to bo 
fatal to the lion by producing festering sores. 

Nature’s Ingratitude. We also find 
that the spiked iron balls known as caltrops, 
whioh mediaeval generals scattered on the 
ground for the entertainment of hostile 
cavalry, have been anticipated by some plants 
for the more useful purpose of dispersing their 
fruits. In Hungary and elsewhere, for example, 
there are forms (species of Tribulus) in which 
the fruits break up into pieces that lie on the 
ground and are liable to penetrate the feet of 
sheep and horned cattle by means of a sharp, 
brittle spine which sticks up from each of them 
[166]. After being carried away, the seed-con- 
taining part breaks off, while the spine remains 
embedded in the foot of the friendly animal, 
setting up a painful, festering wound — a very 
■ateful return for services rendered. 


ungratet 

Sticky Fruits are provided with sticky 
patches or hairs which easily adhere to the 
coats of passing animals. Typical examples 
are a kind of sage ( Salvia glutinosa), and 
plumbago [167], a plant often grown in green- 
houses in this country. It may be well to add 
that hooked and sticky fruits often attach them- 
selves to the feathers of birds as well as to the 
fur of mammals. Aj % 
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